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Gutachten über lsoflavone

l.Wirksamkeit

Phytoöstrogensupplemente u nd wechse ljah resbeschwe rden
Die Wirksamkeit von Phytoöstrogenen in Form von Supplementen uuui.de in
speziellen Koliektiven von Frauen in RCTs nachgewiesen und kann als
wissenschaftlich abgesichert angesehen werden. fn diesem Sinne wurcje in einer
rezenten systematischen Übersichtsarbeit uber insgesamt 25 RCTs und 6
systematische Übersichtsarbeiten ^J diesem Thema folgender Stand der
wissenscha_ftlichen Studien dargelegt (1):

ln einer systematischen Übersichisarbeit von 25 RCTs f'ihrten Rotkleeprodukte in

einer Meia-Analyse alfer Studien, die an unterschiedlichen Patientinnenkoiiektiven

durehgeführt wurden, zu keiner signifikanten Redulrtion der Hiizewaiiüngen (v;eighted

mean difference -0.60; 95% Coi-rfidence Inter"val [Cl] -1.71-CI.s'!), Von 5 RCTs zur
'vVirksamkeit von Scjaprodukten zeigten zwei FtCTs eine signifikante Reduktion von

Hitzewallungen {2). ln einer weiteren systemaiischen Übersichtsar"beit und lr.4eta-

Anaiyse von 12 fiCTs zi-ir 'fi irksamkeit vcn Sojaproduklen war in 3 von 8 Studien mit

einer Behand!ungsda,uer von >6 Monaten eine signifikanie fieduktion von

Hitzewallungen nachweisbar (3). Eine sysiematische Übersichtsarbeit rron 10 RCTs

ianci bei 4 von 10 RCTs eine signifikante Wirksamkeit von Sojaprodukten auf

Wechseljahresbeschwerden (41. Kang et al, fancien in einer systernatischen

Übersicntsarbeii von 7 FCTs in 2 RCTs eine signifikante Reduktion von

Hitzewallungen durch Sojaprodukte (5) Diese Vielzahl von Stuciien und die

unterschiedlichen Ergebnisse legen den Schluss nahe, dass offensichtlich die

Wirksamkeit von Phytoöstrogensupplementen uncl anderen Sojaprodukten auf

spezielle Kollektive von postmenopausalen Frauen beschränkt ist. Eine

Subpopulation von Frauen, für die eine einheitliche Datenlage der durchgefiihrten



FCTs, also Studien der höchsten Evidenzkategorie, vorliegt, sind Frauen in der

frühen Post-Menopause (50-S5.Lebensjahr).

In der bereits erwährrten systematischen Übersichtsarbeit (1) wuyden in der aktuellen

Literatur 5 RCTs mit insgesamt 411 früh naturlich postmenopausalen Frauen

identifiziert (6-10). In diesen Studien wurden lsoflavonprotein, lsoflarvonkapseln,

Rotkleeextrakt und lsoflavontabletten in einer handelsublichen Dosierung von

lsoflavonen zwischen 40mg pro Tag und 100m9 pro Tag zwischen 12 und 16

Wochen gegen Plazebo getestet. Funf von frlnf RCTs zeigten eine statistisch

signifikante Reduktion von vasomotorischen Symptomen wie z.B. Hitzewallungen.

Die Wirksamkeit von Phytoöstrogensupplementen in diesem Kollektiv von

Patientinnen lässt den Schluss zu, dass in Studien ohne Selektionskriterien bzgl.

natllrl icher versus iatrogener Menopause und bzgl, der Dauer seit dem Eintreten der

Menopause die Wirksamkeit der Therapie mit Phytoöstrogenen unterschätzt wird.

Auf der anderen Seite zeigen die Ergebnisse der vorhandenen RCTs auch, dass in

unselektionierten Kollektiven von Frauen die therapeutische Wirksamkeit von

Phytoöstrogenen in Bezug auf Wechseljahresbeschwerden nicht gegeben ist.

Diese Ergebnisse der Literatur lassen folgende Einschätzung zur Wirksamkeit von

Phytoöstrogensupplementen aus Rotklee und Soja zur Behandiung von

Wechseljahresbeschwerden zu- Die letztgenannte aktuellste systematische

Übersichtsarbeit (1) sowie die in der Literatur vorhandenen systematischen

Übersichtsarbeiten und Meta-Analysen (2,3,4,5,11,12) weisen auf Evidenzniveau l,

d.h. basierend auf prospektiv-randomisierten, ksntrolliefien Studien undioder Meta-

Analysen von prospektiv-randornisierten, kontrollierten Studien, eine Wirksamkeit von

Phytoöstrogensupplementen auf Wechseljahresbeschwerden in statistisch

signifikantem Ausmass bei früh naturlich postmenopausalen Frauen nach. Eine
gegenüber Plazebo nicht nachweisbare Wirksamkeit ist für Frauen mit idiopathischer
prämaturer Menopause, prämaturer Menopause nach Chemotherapie oder

chirurgischer Ovarektomie, Frauen nach langjähriger Hormonersatztherapie mit

Östrogenen und/oder Östrogen-Gestagen-Kombinationstherapie sowie Frauen nnit >

3 Jahre zurückliegender Menopause gegeben (1, 13, 14). Aus dem Gesagten ergibt

sich daher, dass Phytoöstrogensupplemente bei Frauen unmittelbar nach Eintreten



einer natürlichen Menopause eingesetzt werden können. Die Wirksamkeit von

Phytoöstrogensupplementen ist bei dieser Kategorie von Patientinnen als

wissenschaftlich einwandf rei nachgewiesen anzusehen.

2. Phytoöstrogensupplemente und Risikobeurteilung

siche rheit von Phytoöstrogenen

Befurchtungen, Phytoöstrogene könnten aufgrund ihrer estrogenähnlichen Wirkung

die Entwicklung von Brustkrebs oder anderen hormonsensitiven Erkrankungen

fördern, sind durch die Ergebnisse der vorliegenden klinischen Studien nicht

gerechtfertigt. In einer Meta-Analyse von 174 RCTs an über 9000 Frauen konnten wir

keine Häufung von Brustkrebs, Endometriumhyperplasie oder Endometriumkarzinom

bei Frauen feststellen, die Phytoöstrogensupplemente eingenommen hatten. Auch in

di'rersen Unterkategorien von Lrnerwünschten Nebenwirkungen zeigte sich in den

untersuchten Studien keine Häufung von gynäkoiogischen, neurologischen, muskulo-

skeletalen oder unspezifischen Nebenwirkungen. Lediglich in der Kategorie

gastrointestinaler Nebenwirkungen fand sich eine überzufällige Häufung von

Beschwerden bei Frauen unter Phytoöstrogenen (eigene Daten). Des weiteren ist

anzuführen, dass in den vorhandenen epidemiologischen Studien, retrospektiven

und prospektiven Fallkontrollstudien und Kohortenstudien kein Hinweis auf eine

erhöhte Brustkrebsinzidenz in Zusammenhang mit der Einnahme von

Phytoöstrogenen publiziert worden ist. Bislang hat keine einzige der durchgefühi'ten

RCTs einen direkten oder indirekten Zusammenhang zwischen der Einnahme von

Phytoöstrogenen in handelsüblicher Dosierung und einem gehäuften Auftreten von

Brustkrebs gefunden (1 5).

Weiters ist festzuhalten, dass in vitro-Studien und Tierexperimente grundsätzlich

nicht auf ft4enschen übertragbar sind und dass neben Studien an benignen

Brustzellinien, Skelettmuskelzellen und Tiermodellen, die einen
proliferationsfördernden Effekt von Sojaisoflavonen und anderen Phytoöstrogenen



nachweisen (16) auch experimentelle Daten zu proliferationshemmenden Erfekten
von Phytoöstrogenen wie z. 8.. Prenylflavonen aus Epimedium brevicornum ttTj
publiziert wurden. Ebenso finden sich experimentelle Daten zu einem antioxidativen

und damit potenziell antikanzerogenen Effekt von Phytoöstrogenen (18). Wesentlich

ist auch, dass die Wirksamkeit von Phytoöstrogenen von der gleichzeitig auf die Zelle

einwirkencten Ostrogenkonzentration abhängig ist, Kreuter et al. konnlen an

Brustkrebszellinien (MCF-7-Zellen) nachweisen, dass Soja- und Rotkleeextrakte in

Abwesenheit von Östradiol proliferationsfördernd urirken, in Anwesenheit von
physiologischen Östradiolkonzentrationen, die der prä-und postmenopausalen

Situation entsprechen, jedoch als Östradiol-Antagonisten wirken und die Östradiol-

induzierte Zellproliferation hemmen (1 9).

Der Analogieschluß zwischen Phytoöstrogenen und Östrogenen und einer

behaupteten brustkrebsförderncien Wirkung von Östrogenen ist unrichtig und deckt

sich nicht mii den Ergebnissen von FtCTs am Menschen. Während die Women's

Heatth Initiative (WHl)-Studie ein erhöhtes Risiko für Brustkrebs nach 4.8 Jahren

Hormonersatztherapie mit konjugierten Östrogenen und Medroxyprogesteron als

Gestagen nachweist (20), führt eine Hormonersatztherapie mit ausschließlich

konjugier.ten Ostrogenen nach 7.8 Jahren gegenüber Plazebog z einer statistisch

signifikanten Reduktion der Brustkrebshäufigkeit in der per-Protokoll-Analyse (21).

Diese Daten zeigen eindeutig, dass 1) in vitro-Daten aus Experimenten an Zellinien

und Tiermodellen nicht auf die klinische Situation am Menschen extrapoliert werden

können und dass 2) ein grundsätzlicher Unterschied zwischen der Wirkung von

Östrogenen auf Brustepithelien in Zellinienexperimenten und Tiermodellen und auf

das Brustkrebsrisiko beim Menschen besteht.

In den vorhandenen epidemiologischen Studien, retrospektiven und prospektiven

Fallkontrollstudien und Kohortenstudien isi kein Hinweis auf eine erhöhte

Brustkrebsinzidenz f estgestellt worden.



W e i te re Effe kte vo n P h ytoöstroge n s u p p I e m e n te n

Neben der Linderung von Wechselbeschwerden bei fruh natürlich postmenopausalen

Frauen durch Phytoöstrogensupplemente und der möglichen brustkrebspräventiven

Wirkung von phytoöstrogenreicher Nahrung inr Kindheits- und Jugendalter lassen

sich weitere positive Effekte von Phytoöstrogenen und Phytoöstrogensupplementen

in FICTs nachweisen. So wurde z. B. in einer Meta-Analyse von 38 RCTs eine

signifikante Reduktion von Surrogatmarkern der kardiovaskulären Gesundheit wie

low-density Lipoproteinen (LDL), high-density Lipoproteinen (HDL) und Triglyzeriden

unter der Einnahme von Sojaprotein nachgewiesen (21). Ob eine derartige

Fleduktion kardiovaskulärer Risikomarker auch geeignet ist kardiovaskuläre klinische

Endpunkte wie z.B. den Myokardinfarkt positiv zu beeinflussen, ist unbekannt, da

RCTs zu dieser Fragestellung fehlen.

Effekte von Phytoöstrogensupplementen auf Endometrium und Schilddrüse

Klinische Studien der höchsten Evidenzklasse weisen die Sicherheit von

Phytoöstrogensupplementen bezüglich des Endometriums nach. In einer RCT an

389 Frauen war nach 12 Monaten Therapie mit Genistein in der Dosierung 54mg/d

gegentiber Plazebo keine Veränderung der Endometriumdicke und des

Maturationsindex des Endometriums nachweisbar {22). Auch in weiteren RCTs an 62

und 19 Frauen konnte unter der Behandlung von Phytoöstrogensupplementen kein

Effekt auf das Endometrium nachgewiesen werden (23, 24). Auch eine RCT an 64

Brustkrebspatientinnen konnte zeigen, dass die Einnahme von 114m9/d an isolierten

lsoflavonoiden gegenüber Plazebo keine nachweisbare Wirkung auf das

Endometrium aufweist (25), Diese Vielzahl von klinischen Studien der höchsten

Evidenzklasse lässt den Schluss zu, das Phytoöstrogensupplemente in

handelsüblicher Dosierung bei postmenopausalen Frauen zu keinen klinisch

nachr,veisbaren Veränderungen des Endometriums fuhren und daher als sicher für

das Endometrium anzusehen sind.

Das SchildruSenenzym Peroxidase, welches die Biosynthese von

Schilddrüsenhormonen katalysiert, wird durch Phytoöstrogene teilweise inhibiert.



Dies konnte in experimentellen Studien nachgewiesen werden (26). Auch die
hepatische Aktivität des Enzyms Dejodinase, welches fur die Konvertierung von
Schilddrusenhormonen notwendig ist, wird durch Phytoöstrogene gehemmt (27).
Diese antithyroide Wirkung von Phytoöstrogenen ist allerdings klinisch nicht von
Relevanz. lm Tiermodell konnte gezeigt werden, dass die Behandlung mit Genistein
in unterschiedliclrer Dosierung zwar zu einer Fleduktion der Peroxidaseaktivität fuhrt,
dies jedoch keine Auswirkungen auf die Funktion der Schilddrüse hat. Die
Konzentration der Schilddrüsenhormone, das Schilddrüsengervicht und die Histologie
der Schilddrüse zeigten keinerlei Veränderung (28). Dies steht auch im Einklang mit
den vorhandenen klinischen Studien. In keiner der 25 RCTs zur klinischen
Wirksamkeit von Phytoöstrogensupplementen wurde eine erhöhte lnzidenz von
Schilddrüsenfunktionsstörungen beobachtet (1). Aufgrund dieser Datenlage sind
PhytoÖstrogensupplemente als sicher bzgl. der Schilddrüsenfunktion anzusehen.
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Phytoestrogens in clinical practice: a review of the
literature
Clemens B. Tempfea M.D.,^ Eva-Katrin Bentz, M.D.," Sepp Leodolier, M.D..^ Gäorg Tscherne, M.D.,b
Ferdinand Reuss, M.D.,h Heide s. cross, ph.D.,' and Johannes C. Huber M.D.. ph.D.^
o Depanment of obstetrics and Gynecology, Medical university of vienna, Vienna: b Department of obstetrics and 6ynecology,
Medical university of Graz, Graz; and'Department of Pathophysiology, Medical Univlrsrty of vienna, vienna, Austria

obieclive: To review clinical studies assessing the effect of phytoesrrogen supplementation on the signs and symp-
toms of tle climacteric syndrome and on the incidence of breast cancer,-cardiovascular disease. and skeletal
fracfures.
Design: Literature research using PubMed and the Cochrane controlled trials register.
Selting: None.
Palient(s): None.
Interuention(s): None.
frlain 0utcome Measure(s): None.
Resull(s): Six systematic reviews and mera-analyses of 25 randomized, controlled trials (RCTs) assessing the gse
of phytoestrogens for the beatment of the climacteric syndrome were identified. Systematic reviews of Rits show
contradictory results' and meta-analyses demonstrate no statistically significant ;r";o;;i;ur"*"ir,,l,11p.*,
for phytoestrogens. Individual RCTs report significant redrrctions in Äomotor symptoms for red clover and soyphytoestrogens. In selected patient populations, such as in women with eariy naturj postmenopause and mild tomoderate vasomotor symptoms, a systematic review of five RCTs found a significant reduction of hot ffashes in five
out of five RCxs. Twenty-two case-control and cohort studies examined the incidence of breast cancer among
women wirh and without a diet high in phytoestrogens. A men-anatysis or zr sruoeriouoJ;;;Jif"antii reduced
incidence ofbreast cancer among past phytoestrogen users. RCTs document beneficial effects of-phyto"rüog.o. on
surrogate par:rmeters such as bone mineral density, vasodilation. ptatelet aggregation, insulin resistä".. *j *.1lJ*
concentrations of triglycerides, higlr-density lipoprotein, and low-densitylipoirote;n. None of the available RCTs
fSumelts 

a protective effect of phytoestrogens ior the clinical eno polnts hir"*r 
""**, 

L"" t**äo, .*-
diovascular evenfs.
Gonclusion(s): Based on the available evidence, phytoestrogens should only be used in selected women, i.e., those
presenting with mild to moderat€ vasomotor symptoms in early natural postmenopause. None of the compounds
investi:gated so far have been proven to protect against breast .-a"a, boo" fracture, or cardiovascular disease.(Fertil steril@ 2oo7;87:1243-9. @2ffii by American society for Reproductive Medicine-)
Key Words: Phytoestrogens, climacteric syndrome, hormone replacement, soy, red clover, altemative, review

Phytoestrogens have been widely used in various cultures and
time periods. Empincal data and epidemiologic research
indicate that the incidence of hormone-dependent diseases
is reduced in countries with a high dietary content ofphytoes_
fogens (1, 2). Thus, modern clinical and molecular bio_
logical research has increasinglv fbcused on plant_derived
phytoestrogens such as isoflavones, lignans, dihydrochal_
cones, and conmestans. The most widely studied phytoestro_
genic compounds are isoflavones lbund in red clover and
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soy, such as genistein, fbrmononetin, biochanin A, and daid_
zein ( 3 ).

The widely publicized and discussed results of the
Women's Health Initiative (WHI) and the One Million
Women Study have considerably increased the interest in
the use of phytoestrogens. Because phytoestrogens intcract
with the estrogen receptor, inducing agonistic as wejl as antag-
onistic ell'ects, the primary preventive potenrial as well as the
oncologic sal'ety of a prolonged use of phytoesrrogens are ol'
considerable interest.. We summarize the clinical and experi_
mental data on the use of phytoestrogens tbr the alleviation
of signs and symptoms of the climacteric syndrome. Numer_
ous randomizcd, controlled trials (RCTs) have investisated
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the therapeutic ethcacy of phytoestrogens, allowing fbr an
evidence-based recommendation for clinical practice. In
addition, we summarize clinical evidence investigating the
effects ofphytoestrogens on the skeletal system and the cardio-
vascular system, the incidence of breast cancer, and skin
health.

?HYTOESTROGEI,IS AND THE CLIMACTERIC SYNDROME
A number of controlled and uncontrolled clinical studies have
indica.ted that a dietary increase in phytoestrogens in addition
to a regular diet (zl) and phytoestrogen supplemenration (5-9)
are associated with an increase in quality oflife and a signif:
icant amelioration of the signs and symptoms of the climac-
teric syndrome, as summarized by the Kuppermann index
( 10). On the other hand. several studies could not demonstrate
a clinical effect, especially with regard to hot flashes (11).
Several reasons may account for these and other discrep-
ancies between studies, among them differences in patient
selection, phytoestrogen content, and symptom assessment,
and variations in endogenous estrogen production, intestinal
resorption, and activation of orally ingested isoflavones.

Study Selection
We searched PubMed and the Cochrane controlled trials reg-
ister (January 06, 2006, fbr search terms: climacteric syn-
drome, hot flashes, phytoestrogens, isoflavones, treatment)
to identily RCTs, systematic reviews, and meta-analyses of
RCTs assessing the efficacy of phytoestrogens ln women
with the climacteric syndrome. Studies were included if
they were published as complete reports in English. Studies
were eligible if they were RCTs comparing placebo or no in-
tervention with phytoestrogens in perimenopausal and/or
postmenopausal women with hot flashes. Phytoestrogens
were defined as substances with a defined amount of isofla-
vones, lignans, or coumestans. Studies investigating black
cohosh were not included in this review because the mecha-
nism ofaction ofthisbotanical is unknown. Studies assessing
menopausal symptoms other than hot flashes were excluded.
Two reviewers assessed eiigibility of the studies and
extracted data. Missing information and additional trials
were not sought from the investigators. To identify subgroups
of women selectively benefiting from phytoestrogen treat-
ment, we used criteria proposed by the U.S. Food and Drug
Administration (FDA) lbr the conduct of studies evaluating
hormone replacement therapies (12) and by Messina and
Hughes (13), who proposed to exclude women with iatro-
genic menopause after treatment for oncologic diseases in
the assessment of the efficacy of phytoestrogens.

Following criteria used in previous meta-analyses ( I I ), we
recorded the adequacy of treatment allocation concealment
according to criteria published by Schulz et al. ( l4). Trials
were considered to have adequate concealment if they
described satisfactory procedures to conceal treatment allo-
cation such as coded identical containers or centralized
randomization. We also recorded blindins participants and

outcome assessors to treatment, use of intention-to-treat anai-
ysis, and the number of participants who withdrew or were
lost to follow-up evaluation. When possible, effect sizes
were calculated to provide a measure of the magnitude of
a treatment etTect for each study. The effect sizes represent
the difference in mean hot flash frequency outcomes divided
by the standard deviation. Negative effect size values favor
placebo, and positive effect sizes favor ph;,toestrogen. In
the scale suggested by Cohen 1-i), cutoff values of 0.2,
0.5, and 0.8 reflect small, qroderate- and large treatment
effects, respectively.

If possible, outcome data were pooled and anaiyzed using
the Cochrane Collaboration Review Manager (RevMan 4.2;
Update Software, Oxfbrd, United Kingdom). Weighted
mean differences, the dilference between treatment and con-
trol pooled means at end point, along with 957o confidence
intervals (CI), were calcuiated for continuous variables.

Efficacy of Phyloeslrogens
We identif ied 25 RCTs (5-9, i6-35) and six systematic re-
views and meta-analyses of RCTs (3, I 1, 36-39). In a system-
atic review and meta-analysis of 25 RCTs, red ciover
products were not shown to be effective for the treatment
of hot flashes (weighted mean diff'erence -0.60; 957o CI,
- L7 1-0.5 l). Of the five soy extract trials reporting hot flush
frequency, three trials, including the two largest trials, were
negative ( i I ). In another systematic review of 29 RCTs of al-
ternative therapies for hot flashes and other menopausal
symptoms, the investigators identified 12 RCTs examining
soy or soy extracts (3). Only three of eight studies with treat-
ment phases >6 months showed a significant improvement in
hot flashes. The eft-ects were modest, and most benefits disap-
peared after 6 weeks. This review cites two RCTs document-
ing no statistically significant benefit for red clover products.
Similarly, Huntley and Ernst (36) identified 10 RCTs assess-
ing soy preparations for the treatment of perimenopausal
symptoms and found tbur of 10 RCTs to be positive, suggest-
ing soy preparations are beneficial for perimenopausal symp-
toms. Six RCTs were negative, with one of the six showing
a positive trend.

Another review of botanical compounds for the treatment
of menopause-related symptoms identified RCTs investigat-
ing soy isoflavone extracts with varying compositions and
dosages of soy supplements. Results from five RCTs assess-
ing the etficacy of semipurified isoflavone red clover (.Trifu-
lium pratense L.) leaf extracts were contradictory. The
iargest study showed no benefit for reducing symptoms asso-
ciated with menopause for two difTerent red clover isoflavone
products compared with placebo. No signrficant adverse
events were reported in the jnvestigated studies (37). A
meta-analysis by Nelson et al. (38) investigated alternative
treatments tbr menopausal symptoms. The lbliowing com-
pounds were tbund to significantly reduce the number of
daily hot flashes compared with placebo: seven RCTs of se-
lective serotonin reuptake inhibitors (SSRIs) or serotonin
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norepinephrine reuptake inhibitors (SNRIs) (mean differ-
ence, - 1.13; 957o CI, - 1.70 to -0.57), four RCTs of cloni-
dine ( -0.95; 95Vo CI, l.M to 0.47), and two RCTs of
gabapentin (-2.05:-957o CI, -2.80 to -1.30). In contrast,
the frequency was not reduced in a meta-analysis of 17
RCTs ofred clover isoflavone extracts and soy isoflavone ex-
tracts (-19). Kang et al. (39) identif ied seven RCTs, of which
five RCTs reported no beneficial ellect on hot flashes of soy
protein. Two RCTs reported a significant reductioli of hot
flashes in the group treated with soy product over placebo.
Hot flash frequency was reduced by 45Vo and28Vo, respdc-
tively, in these two trials, but the placebo effect was also
high, with reductions of 30Vo and I8Vo.

These data indicate that phytoestrogens have modest if any
effects, and that tlese effects may be limited to selected pa-
tient populations. Thus, in an effort to better define possible
patient subgroups who may selectively benefit from phytoes-
trogens, we tried to identify studies examining only early
postmenopausal women with natural menopause and mild
to moderate vasomotor symptoms using previously published
recommendations ( 12, l3).

We identified 25 RCTs examining phytoestrogens for the
treatment of hot flashes (5-9, l6-35). We excluded 20 studies
from further evaluation ( l6-35 ), leaving five RCTs with 41 1
early postmenopausal women with natural menopause (5 9).
Tables I and 2 show the study and participant characteristics
of this highly selected set of studies. All of the trials included
postmenopausal women and reported double-blinding. Two
of the five trials (5, 7) provided enough information to con-
fum adequate concealment of treatment allocation. Three
of the five trials (5-7) reported intcntion-to-treat analysis.
The minimal dose of isoflavones used in these studies was
40 mg per day, the maximal dose was 100 mg per day. The
phytoestrogens tested were soy in four trials (5 7. 9) and
red clover extract in one trial (8). The number of women
included in these studies varied between 30 and 122.

Table 3 shows the outcomes of trials and the symptom
score results. All of the five individual studies demonstrated
a statistically significant reduction of vasomotor symptoms.
Four of five trials reported continuous variables such as
mean percentage change ofhot flashes per day or Kupperman

index (5, 7-9). Only one study (6) reported absolute numbers.
Therefore, a pooled analysis for the identification of mean
weighted differences was not perfbrmed. One study reported
sufficient data for the calculation of eft'ect sizes (6). This
study favored placebo with a moderate effect size (0.53).

In summary, this meta-analysis of a predefined. selected
patient population indicates that the efficacy of isoflavones

. as a ticatment for the signs and symptoms of the climactenc
syndrome is reduced in women with idiopathic premature
ovdrian failurg, premature gvarian failure aiter cancer treat-
ment, after long-term hormone therapy, and when isoflavone
treatment is init iated >3 years after menopause (12, l3).
Consequently, phytoestrogens may be used most effectively
in early postmenopausal women with a natural menopause
and mild to moderate climacteric syndrome. Meta-analyses
of intervention studies with isoflavones without specific se-
lection criteria may thus underestimate the ciinicai efficacy
of this therapy. This may serve as a possibie explanation
for contradictory results of RCTs in unselected patient popu-
lations (3, I l, 36-39). From a clinical perspective, phytoes-
trogens may be used most appropriately as first-line
treatment for women presenting with miid to moderate va-
somotor symptoms in eady natural postmenopause. This is
also in accordance with the recommendations of the North
American Menopause Society (40).

PHYTOESTROGENS AND BREAST CANGER
In Vilro Dala
In vitro experiments using benign breast cell lines, skeletal
muscie cell ceils, and rodent models have found that phytoes-
trogens exert a proliferation-enhancing effect (41, -12).

Although these studies principally document that
phytoestrogens can lead to cell prolif-eration, other in vitro
and in vivo studies have demonstrated a concentration-depen-
dent biphasic antiproliferative etTect of isoflavones (.13).
Phytoestrogens can, under certain conditions, function as
antioxidants and protect against oxidant-induced DNA dam-
age (4.1). In vivo studies in rodents also indicate that low-dose
dietary isoflavones abrogate tamoxifen-associated mammary
tumor prevention (45). Thus, the experimental data available
so far are not conclusive. Epidemiologic data and prospective
case-control studies, on the other hand, clearly demonstrate

i Study characteristics and isoflavone dosages.

Gases Controls
(n) (n)

lsoflavone protein
lsoflavone capsules
lsoflavone capsules
Red Clover extract
lso{lavone tablets

lsoflavone
dosage

76 mg/day
7O mg/day
100 mg/day
40 rng/day
50 mg/day

Study (reference)

Albertaz'iet al., 1998 (5)
Faure et al., 2002 (6)
Han et al.,2OO2 (7)
Jeri,2002 (8)
Upmalis et a1.,2000 (9)
'Highest P value for improvement of symptoms.
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Compound P value"

c l

39
40
15
59

53
36
40
l c

63

<.001
< .01
<.0'1
<.001

.03
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TABLE 2
Characteristics of studies and participants.

Study (reference)
Palticipants
(dropouts)

that countries with a high dietary content ofisoflavones have
lower incidence rates of breast and prostate cancer compared
with countries with a low dietary content of phytoestrogens,
which argues against a principally cell-proliferative effect of
phytoestrogens.

Clinical evidence from uncontrolled trials is consistent
with a protective effect of phytoestrogens against the devel-
opment of breast cancer. For example, a meta-analysis of
14 case-control and 7 cohort studies fbund a pooled risk re
duction of 25Vo (Relative Risk [RRl 0.151'957o Confidence
Interval [CIl 0.59 to 0.95) fbr past soyfood, tof-u, miso, or iso-
flavone intake (46). A recent nested case-conrrol study within
a Dutch prospective cohort found high plasma leveis of gen-
istein to be associated witha327o reduced odds ofdeveloping
breast cancer (41).lncontrast to this evidence, three prospec-
tive trials evaluated this issue (1, 48, 49). All of these pro-
spective trials showed no statistically significant reduction
in breast cancer incidence. There has been no prospective,
randomized study evaluating phytoestrogens as a primary
preventive therapy ofbreast cancer. It is ofnote that a protec-
tive effect of isoflavones could not be reproduced in Euro-
pean or U.S. studies such as the San Francisco Bay study
(50). Some researchers have claimed that the effect of a phy-
toestrogen diet depends-at least in part--on the individuai
age of the woman when starting the diet. Asian women are
exposed to phytoestrogens starting with carly childhood,

lnclusion criteria

but the typical Western initiation of a phytoestrogen-rich
diet or phytoestrogen supplementation in perimenopause or
postmenopause may be too late to exert a protective effect
on the breast. Phytoestrogens may induce differentiation of
breast epithelium during early childhood and puberty, thus
making the breast epithelium iess sensitive to noxious agenrs
such as chemical carcinogens. Breast epithelia may no longer
be sensitive to phytoestrogens after pregnancy. This model of
a lifetime-dependent effect of protective agents has been
demonstrated by Russo and Russo (51).

Putting these data into a ciinical perspective, women plan-
ning to use phytoestrogens can be advised that phytoestro-
gens can be used safely on a long-term basis. There are no
data indicatmg that prolonged use of a phytoestrogen-rich
diet induces malignant growth of hormone-dependent tissue.
On the other hand, none of the compounds investigated so far
has been proven to protect against breast cancer. There are no
data with respect to other malignancies, but there is no indica-
tron that phytoestrogens increase the nsk of malignant disease.

PHYTOESTR()GENS AND THE SKELETAL SYSTEM
Isoflavones have been demonstrated to increase the synthe-
sis of vitamin D in a number of nonrenal cell types (52).

Due to this mechanism, isoflavones are thought to contrib-
ute to bone mineral density. A prospective, randomized

Participant
characteristics

Study
duration

Alberta-zi et al., 1998 (5) 104 (25) Amenorrhea >6 months or ltaly; MA 53 years; 12 weeks
oophorectomy, or FSH MDM 3.9 years
>50 lU/L and E2

Faure et al., 2002 (6) 75 (2ot ;t"t"[fl'J:i;xi,"i?l. France; MA 53 years; ]6 weeks
FSH >40 lU/L and E2
<35 pglml; >7 HFlday

Han et aI.,2OA2 V) 82 (2) Age 4$-55 years and Brazil: MA 53 years; 4 months
amenorrhea >12 MDM 2.4yrs
months or FSH >25\U/L
and E2 <35 pg/mL;
HF present

Jeri, 2002 (B) 30 (0) Age <60 years and Peru; MA 52 years; 14 weeks
amenorrhea >1 year MDM -
or FSH >30 lU/L; >5
HF/daY

Upmalis et al., 2000 (9) 177 (55) Age >50 years and U.S.; MA 55 years; 12 wqeks
amenorrhea )6 months MDM
or FSH >40 lU/L and E2
<25 pg/mL; >5 HF/day

Note: E2, estradiol; FSH, follicle-stimulating hormone; HF, hot flashes; MA, mean age; MDM, median duration after
menopause.
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TABLE
Clinical outcomes of trials and symptom score results.

Study (reference)
and intervention

Albertazzi et al., 1998 {5)
soy
Placebo

Faure et al., 2002 (6)
soy
Placebo

Han et al.,2OO2 (7)
soy
Placebo

Jeri,2OO2 (8)
Red clover
Placebo

Upmalis et al., 2000 (9)
soy
Placebo

HF/day at
baseline (mean SD
or median range)

11.4 (10.7-12.7)
10 .9  (10 .2-11 .8)

10.1 (6.4)
s.4 (3.4)

7.0 (0.s)
5.7 (0.4)

8.8 (6.2)
e.4 (6.0)

HF/day at
study end
(mean SD)

Decrease HF/day
(P value) Symptom score

None reoorted

None reported

Kupperman index
-19.7 (soy) vs

+1.3 (placebo)
P<.01

None reported

None reoorted

6.4 (-)
7.5 (-)

3.e (0.7)
7.0 (1.2)

3.6 (0.3)
5.1 (0.3)

-5.0
-3.4

P<.01

-6.4
-2.2

P: .01

-3.4
-{.6

P:.001

Mean % HF/d
-20 {placebo)

vs -28 (soy)
P<.05

Note; HF, hot flashes; SD, standard deviation.
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study of 66 women found that 88 mg of isoflavones per day
have a protective effect on the skeletal system, increasing
the bone mineral density in the lumbar spine (53). On the
other hand, a large study of 202 postmenopausal women
lbund no benefit after 12 months of daily 99-mg isoflavone
supplementation (52 mg of genistein, 41 mg of daidzein,
and 6 mg of glycitein) (54). This double-blind, randomized
trial does not support the hypothesis that the use of a soy
protein supplement containing isoflavones improves cogni-
tive function, bone mineral density, or plasma lipids in
healthy postmenopausal women when started at the age of
60 years or later. Based on these data, isoflavones cannot
be clinically recommended as a valuable intervention to
increase bone health. No data are available to assess thc
effrcacy of isoflavones as a means to treat women with
osteoporosis and should thus not be recommended as the
sole treatment in this indication. No RCTs are available,
documenting the efficacy of phytoestrogens regarding the
prevention of osteoporosis or bone fiacture.

PHYTOESTROGENS ANO THE CARDIOVASCULAR SYSTEM
Endothelium-derived nitric oxide (NO) is a potent vasodila-
tor and mediates the effects of antihypertensive drugs such

Ferti l i tv and Steril i tv,o

as nitroglycerin. Isoflavones have been shown to stimulate
the activity of the endothelial NO synthase (NOS3), thus
inducing vasodilation via NO (55). Isoflavones also have
antithrombotic and antiatherogenic effects. For example,
genistein and daidzein decrease monocyte chemoattractant
protein-i and collagen-induced platelet aggregation in a
dose-dependent manner (56). In addition, 54 mg/day of gen-
istein are sufficient to significantly decrease fasting glucose,
fasting insulin, and insulin resistance (-57). Clinical studies
have assessed the efl'ect of isoflavones on surrogate end
points of cardiovascular health. A meta-analysis of 38 con-
trolled human studies of soy consumption provides evi-
dence for its positive effect on lipid profiles, including
reduction in levels of low-density lipoproteins (LDL) and
trigiycerides and increases in high-density lipoproteirt
(HDL) (58). In a population-based study of 301 postmeno-
pausal women, however, intake of between 0.2 mg and 11.4
mg of isoflavones did not alter systolic or diastolic blood
prcssure, or the prevaience of hypertension (59). In accor-
dance. a l2-month, double-blind, randomized trial com-
pared the etl'ects of soy prqtein containing 99 mg of
isoflavones/day (aglycone weights) with those of milk
protein (placebo) and tbund no effect on blood pressure and

tEdtl



endothelial function in 202 postmenopausal women aged
60 to 75 years (60).

No RCTs regarding clinical end points of cardiovascular
health (i.e., myocardial infarction, angina pectoris) are avaii-
able to date. Theretbre, phytoestrogens cannot be recommen-
ded as a primary preventive intervention to reduce the nsk of
cardiovascular disease. Women using phytoestrogens may be
advised, however, that phytoestrogens used for the treatment
of the climacteric syndrome have additional benefits on the
cardiovascular system by reducing established risk factors
of atherosclerosis such as hyperlipidemia and hypenension.
Whether this translates into a clinical beneflt regarding the re-
duction of ciinical end points such as myocardial infraction is
unknown.

PHYTOESTROGENS AND SKIN HEALTH
Isoflavones may have a protective effect on skin heaith. It has
been hypothesized that skin elasticity is improved by in-
creased local blood flow. In addition, the carcinogenic eff'ect
of exogenous noxious agents such as ionizing radiation and
chcmical compounds may be alleviated by the antioxidant
and anti-inflammatory properties of phytoestrogens (61).
Also, red clover protects from inflammation and immune
suppression induced by ultravioiet radiation (62). No data
with respect to clinical end points of skin health have been
published.

STANDARDIZATION OF PHYTOESTROGENS
Because phytoestrogens are listed as food supplements,
quaiity standards regarding manufacturing and isoflavone
content are important. Phytoestrogen compounds used to
treat women with climacteric syndrome should contain 40
to 100 mg of isoflavones consisting of variable combina-
tions of different aglycans (i.e., genistein, daidzein, glyci-
tein, formononetin, and biochanin A). A daily dose of
40-100 mg of isoflavones is toxicologically safe and is
consistent with the dietary content of isoflavones in Asian
countries (63). Interactions between an isoflavone supple-
mentation in this dosage and other pharmaceutic inrerven-
tions are not known.
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Phytoestrogens for treatment of menopausal symptoms:
a systematic review.

Krebs  EE,  Ensrud KE,  MacDona ld  R,  Wal t  TJ .

Depar tmen l  o f  Med ic ine ,  Un ivers i ty  o f  M innesota ,  Minneapo l is ,
M N ,  U S A .

OBJECTIVE:  To  assess  the  e f f i cacy  and to le rab i l i t y  o f
phytoestrogens for  t reatment  of  menopausal  symptoms.
DATA SOURCES: We searched the Cochrane L ibrary and
MEDLINE f rom 1966  to  March  2004 ,  us ing  a  de ta i l ed  l i s t  o f
terms re lated to phytoestrogens and menopausal
symptoms and a lso hand-searched abstracts f rom re levant
meet ings.  METHODS OF STUDY SELECTION: Randomized
t r i a l s  we re  e l i g i b l e  i f  t hey  i nvo l ved  symp tomat i c
pe r imenopausa l  o r  pos tmenopausa l  women ,  compared
phytoestrogen wi th p lacebo or  contro l ,  repor ted hot  f lush
frequency or  menopausal  symptom scores,  and were at
least  4 weeks in  durat ion.  TABULATION, INTEGRATION,
AND RESULTS: Data were extracted onto standardized
forms using a prospect ive ly  developed protocol .  Twenty-
f ive t r ia ls  involv ing 2,348 par t ic ipants met  cr i ter ia .  At
base l i ne ,  t he  mean  age  was  53 .1  yea rs ,  mean  du ra t i on  o f
menopause  was  4 .3  yea rs ,  and  mean  da i l y  ho t  f l ush
f requency  was  7 .1 .  Mean  s tudy  du ra t i on  was  17  weeks .
Tr ia ls  were grouped into categor ies according to type of
phytoestrogen:  soy foods,  beverages,  or  powders (n =
11 ) ;  soy  ex t rac t s  (n  =  9 ) ;  and  red  c love rex t rac t s  (n  =  5 ) .
Of  the 8 soy food t r ia ls  repor t ing hot  f lush f requency
outcomes,  7 were negat ive.  F ive t r ia ls  of  soy foods
provided informat ion to calculate ef fect  s izes;  these were
in  t he  sma l l - t o -med ium ran ! l e ,  f avo r i ng  p lacebo  i n  3  t r i a l s
and soy in  2.  Of  the 5 soy extract  t r ia ls  repor t ing hot  f lush
f requency ,  3  ( i nc lud ing  the  2  l a rges t  t r i a l s )  we re  nega t i ve .
Ef fect  s izes were calculated for  2 soy extract  t r ia ls :  one
favored o lacebo wi th smal l  e f fect  s ize and the other
favored soy wi th moderate ef fect  s ize.  Red c lover  tnals
showed  no  improvemen t  i n  ho t  f l ush  f requency  (we igh ted
mean  d i f f e rence  -0 .60 ,95o lo  con f i dence  i n te rva l  - 1 .71  to
0 . .5  1 ) .  Adve rse  e f f ec t s  we re  p r imar i l y  gas t ro in tes t i na l  and
taste in to lerance in the soy food and beverage t r ia ls .
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CONCLUSION:  The ava i lab le  ev idence suggests  tha t
phytoestrogens avai lable as soy foods, soy extracts,  and
red clover extracts do not imDrove hot f lushes or other
menopausa l  symptoms.

PMID:  15458907 [PubMed -  indexed fo r  MEDLINE]
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COMPLENIENTARY AND AITERNATI\€ MED ICINE SERI E5
Series Editors: David lvf.  Eisenberg, MD. and TedJ. Kaptchuk, OMt)

omen ar€ frequent users of complementary and al'

ternative medicine (CAM) therapies in manv coun-

tr ies ( l-5), including rhe Unitecl States, where women use

CAM therapies more often than men (48.90lo vs. 37.8o/o)
(6). Many women reporr using these therapies for meno-

pausal symptoms (7, 8). A national magazine received

more than l5 000 responses ro a survey oFalternarive rrear-

ments for menopausal women (7). Primarv symproms in-

cluded hot f lashes, joint pain, sleep problems, Forgetf ir l -

ness, and fät igue; hor f lashes (the mosr conrlnon
menopausal symprom fbr women in the United Stares) (9)

were most commonlv treated. Therapies of choice were

herbal remedies, chiropractic, and meditat ion. Rcccntlv.

dietary supplernents and fbods conraining phvtoestrogens

have become increasinglv popular, despire the lack of data

irom cl inical tr iais.

The science of C,AJvI therapies is still inadequate to

suFficiently infbrm cl inicians and the public of the benefi ts

or potential r isks of CAIVI therapies. To provide inForma-

t ion for cl inicians, we reviewed randomized, conrrol led

cl inical tr ials of C,Ar\1 therapies For menopausal svmproms.

MErHoos
Study Selection

'!?e 
searched ME,DLINE fi 'om Januarv 1966 to De-

cember 2.002, the Alternative and Cornplementary Data-
base (,AMED) of the Brit ish L.ibrary from January 19f15 ro

Data Extraction: Each author extracted information from half of
the studies on.the number of patients, study design, outcorne
measures, and results; the other author then checked these results.

Data Synthesis: Soy seems to have modest benefit for hot
flashes, but studies are not conclusive. lsoflavone preparations
seem to be less effective than soy foods. Black cohosh may be
effective for menopausal symptoms, especially hot flashes, but the
lack of adequate long-term sa{ety data (mainly on estrogenic
stimulation of the breast or endometrium) precludes recommend-
ing long-term use. Single clinical trials have found that dong guai,
evening primrose oi l ,  a Chinese herb mixture, vi tamin E, and
acupuncture do not affect hot flashes; two trials have shown that
red clover has no bene{it for treating hot flashes.

Conclusions: Black cohosh and foods that contain phytoestro-
gens show promise for the treatment of menopausal symptoms.
Clinical trials do not support the use o{ other herbs or CAM
therapies. Long-term safety data on individual isoflavones or
isoflavone concentrates are not available.

Ann lntent Med.2002;137 805-813.

For author affiliations. see end of text

www.ännals.org

December 2000, and our own extensive f i les" Databases

were searched under the rcrms hot fasb/fush, rnenopause,

and climacterir, combined wirh pbytoesrrogens, alternatiue

medicine, herbal medicine, taditional medicine, Traditional

Chinese Medicine (TCM, Ayurueda, naturopathy, chiroprac-

tic, osteopathy, matsage, /oga" relaxation tlterapy, homeopathy,

aromatherapy, and therttpeutic touch. \7e did not limit the

search to English-language l i terature. Studies rhat exanr-

ined single sympioms or condit ions that are not clearlv

associated with menopause (for exampie, anxierv end l ip-

ids) were excluded. Al l  other randomized, conrrol led tr ials,
regardless of their quei iry, were included. A roc:r l  o[ 29

studies were identi f ied. Each author extracted infbrmarion

on rhe nunrber of patients, study designi outcome mea-

sures, and results for half  the studies; the other author then

checked results"

Ro le  o f  the  Fund ing  Source

The fund ing  sor r rce  hrd  no  ro le  in  the  dcs ign .  con-

duct, analyses, or report ing of the study or the decision to

submi t  rhe  nranuscr ip t  For  pub l i ca t ion .

CAM THrneprrs
Herbal Remedies

IJerbs used in the Unired Sretes tbr n.renopausal prob-
lerns irrclude black cohosh (Cimicfuga racemosa), chtste
tree berry (Vitex agnus-tzzstu) , dong qv"i (Angelica sinensis),

iO 1002 , \rrcr ican (--oi lcge of I 'hvsicians , \ l rcr ican Society oi  inccnrrJ !1i , l j , : rDe 
i  
8O5

Ac,qnEMrA AND Cuxrc

Complementary and Alternative Medicine for Menopausal Symptoms:
A Review of Randomized, Controlled Trials
Fredi Kronenberg, PhD, and Adriane Fugh-Berman, MD

Background: Womer com;nonlv use soy products, heös, and
other complementary and alternative niedicine (CAM) therapies
for menopausal symptoms. Randomized, controlled trials have
evaluated the efficacy and short-term safety of these therapies.

Purpose: To review randomized, controlled trials of CAM thera-
pies for menopausal symptoms in order to better inform practice
and guide future research.

Data Sources: Searches of MEDLINE for articles oublished from
January'1966 through March 2002, of the Altemative and Com-
plementary Database (AMED) of the British Library for articles
published from January 1985 through December 2000, and of the
authors' own extensive files. Search terms were hot flash/flush,
menopause, and climacleric, combined with phytoestrogens, alter-
native medicine, herbal medicine, traditional medicine, Traditional
Chinese Medicine (TCM), Ayurveda, naturopathy, chiropractic, os-
teopathy, massage, yoga, relaxation therapy, homeopathy, aroma-
therapy, and therapeutic touch.

Study Selection: 29 randomized, controlled clinical trials o{
CAM therapies for hot flashes and other menopausal symptoms
were identilied; of these, 12 dealt with soy or soy extracts,'!0
with herbs, and 7 with other CAM therapies.
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Elack cohosn

Jacobson et al . ,  2001 (10)

Warnecke,

Lehmann-Wil lenbrock and Riedei,
1 9 8 8  ( 1 3 )

Red clover

E a b e r  e t  a l . ,  1 9 9 9  ( 1 4 )

Oesign

Randomrzed, double-bl ind,
placebo-control led tnal

Randomrzed, open,
treatment 'control led
lr ial

Randomrzed, double-blnd
placebo-control led tr ia l

Randomized,
treatment-control ied
inal

R.andomized, double-bl ind.
placebo controi led
crossover tnal

Randomized, double-bl ind,
placebo-control led tnal

Randomrzed, double bl ind
placebo controi led t(al

Randomrzeo, double-bl ind,
placebo control led i r ia i

R a n d o m i z e d ,  d o u b i e - b l i n d ,
^ l 1 . a h ^ - . ^ n r / ^ l i a d

mult icenter tnal

R a n d o m i z e d ,  d o u b l e  b i i n d ,
placebo contro led l ld l

Patient Characteristics and Age

85 women (68 compieted the stLrd',,] wil l i
oreast cancer and oarly hot f lashes; 59
women v/ere usrng tamoxtfen
conc.rrently

Aqe,  : '18  !

50 women (48 menopausal;55
completed study) wrth menopausal
symPtoms

ABe, a5 60 y

80 women (41 menopausal; 75
comDleted ihe study) wrth cljmacteflc
symptoms, >3 hot t. lashes daily, and
"psychic complaints"

At€. 45-58 y

60 wofren (41 menopa!sai) wiih
ciimacteilc symptoms who had had
hystefectomy and had at least I ovary

Age, >40 y

51 postmenopausal women (43
completed the study) wiih >3 hot
flashes darly

Age,45-65 y

J7 postmenopausai women (34
compieted the study) wrth >3 hot
flöhes dariy

Ate, 4(H5

/1 po5tmenopausal women (61
compl€ted the study) wrth .,14 hot
flashes weekly (any seventy) or : '5 hoi
flashes weekly (moderate or severe)

Aee.4+69 y

56 postmenopa!sal women (35
completed the study) wiih >3 hot
flashes daily

Age.4+67 y

184 postmenopausal women (379
compleled the studv) wrth >6 hot
flashes dunnß 3 of 7 days

ABe. 45-65 y

78 postmenopausal women (55
completed the study) w th > 14 hot
flashes or night sweats weekly

Age, 45 70 y

Knrght  e t  a r . ,  1999 (  15)

Cermany

Australra

Unrted 5tafes

United KrnHdom

Austraiia

DonB qua i
Hirata et al

- C C i - C l i n i c r ] G l o b a l I m p r e s s i o n S c a ] e ; F S F I - f b l l i c ] e - s t i r r r L r | a t i n g l r o r m o n e ; H A i V I A : F I a m i t o n A u i e r v S c a l e : H D L - h i g h . d e n s w [ i p o p r o t c i n ;

hormone;SDS=Sei f -Ässess l r rn tDepress ionSca le ;SL{BG. . rxhor rnoneb in . l ingg ' lobu l in ;VAS-v is r rd : r raJogr resc : le ;V lv { i -vag ina l ruar ion
I Ielth Questionnaire.

Pronrensil, Novogen, Sydnev, .\ustralia; Renifemin, GlaxoSmirhKline, Pitrsburgh, Pennsylvania; Triscquens, Novo Nordisk, Princeton, Ne'v Jersey.
* Conments are itaiicized"

ginseng (Panax ginseng and other Panax species), evening marv outcome measures. F{owever, these srudies were

primrose oil (Oenethera biennis), morherworr (Leonurus small, oF shor:t duration, and .flar from sufficienc to yield

.r. tr l iaft t) .  rcd c]over (Tri fol iunt prarensc), arrd l 'corice (6/7- definir iue,:onclusion.s.
L-yr-rhxzrl  ghbra). We identi f ied i0 tr ials of herbs (Table 1) 

' fhe 
most srudied and perhaps rnost popular herb is

(10-19). NIost studies found no signi{ icant changes in pri-  black cohosh, tradir ional ly rrsed bv Native Americans fbr

8O6l t l  r -o 'e*ber :OOZl , lnne lso i in rerna l \4ed ic ine l \oLurne 1 j ; . \unrber  l0  www.anna ls .o fg
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Tablz 1. Herbs for Menopausal Symptoms'

Evening pnmrose or l

C h e n o y  e t  a l  , 1 9 9 4  ( 1 7 )
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Tabk /-Continued

,rfl€f

fot r

evdl

Treatment, Dose, and Durationt

Remrfemrn tablet i  (40 mgld herbdl extract)  vs. placebo
D u r a t i o n , 2  m o

Outcome Measures

Frequcncy and intensity of hol f lashes;
menopaure symptom lndex (6
symptoms); €lobal rahnt cf heaith
scale: FSH and LH evels

Kupperman Index scores (modrfred 5
symptons); HAM-A; sDS; CCI;

Findings and Comments*

No srgnrf icant di f ference l l3tween groups n frequency tnd
Intensrh,of hot f idhes (decreased in both gro!ps):
! ignr l  cant ly ßreater decrease n Sweating in l reatment

t()up than rn placebo group (P = 0.04);  no chanßes rn
globa raüng ! .a1. or ESH and Ll- l  levels

il u,1 V ( i L, tltj c. A,as shc rL il edcati on - t nd u ced hot l l ashes
are morc difticult to treat than naturally occurring hot
flashes

Kupperman ndex, HAM-A, sDS, and CCI showed "hrghly
5rgnrf icant reduct ions" wrth al l  three iherapies: VMt:
"trend towards estroSenrc strmulatro."  for Remrfemin and
estroten

No sbtisttGl calculailons rcpofted

Sign t icant im0rovement jn Kupperman index score, HAM-A
(P < 0.001),  and VMI (P < 0.01);  no change rn estrog€n
or placebo groups; hot f l t rhes decreased frcm 4.9 to
0.7/d in Remifemrn group,5.2 to 3.2 in estrogen ßroup,
and 5.1 lo 3.1 In placebo troup (sj tnrfrcance not
i  ndrcated)

Iack öf eftect wtth estrogen calls othet findinqs tnto
qucstion

Kupperman rndex scores improved In al l  groups (P - 0 01 ),
no di f terences amonB ireatment groups; no changes rn LH
and FSH levels

No di f lerence betw€en groups rn frequency of hot f lashes
(decleased ln both ßroup5) or other Dutcome measures

Sludy too shott to adequatelv assess estrogenic effects on
?ndometnum; adverse events nat nentioned

No di f ference among groups rn frequency of hot f lashes
(decreased rn al l  t roups),  VMl,  FSH level,  or SHBC levei;
HDL cholesteroi  level increased signrf icant ly (18%)
(P -.0.038) in 40-mg Promensrl  g.oup only

Although total üolesterol and üiglycetuJe tests werc done,
resulß were not teported (blood was collected when
patients were not tasünA

No di f terence between groups In Kupperman rndex scores
(decreased signrf icant ly In both groups),  number of hot
f la5hes, VMl,  or endometr ial  lhrckness

DonS quat is not cansidercd estrcgenrc and not usually
prcscnbed ilone in Traditronal Chtnese Mediene

Frequenry ot daybme hot f lashes decreöed in placebo bDt
not evenlng pr imrose oi l  groupt no di f ference between
groups in frequency of nrghttrme hot f lashes (decreased in
both groups)

No 5rgn' i icant di f ferences between ßro!ps in hot f lashes
(assessed as pa.t  of  \ I /HQ) cr any marn cutccme
meaSure5

No drfference between ßroups rn frequency of vasornolor
rympioms or Menopause-Spec'fic Quality'of-Life
Questronnare score (both decreased in both groups).
unnary pnytoestro8en leve s did not chan8e In erther
grouP

?u
Pie
an

r
t i
Y
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Remifemrn (l iquid) (40 drops tlvrce darly) vs. conjugated
estrogens (0.25 mg/d) vs. diaepam (2 mgld)

Dura t ion .3  mo

Remrtemrn tabiets (4 mg twrce darly) vs. conlugated estrogers
(0.625 mg/d) vs. placebo

Duration, 3 mo

Remrfemrn tablet5 (4 mg cf tf lterpene.glycosrdes brice daiiy)
vs estlol (Ovestin, 1 mtld) vs conjugated estrogens
(Presomen, l.25 ng/ d) vs. estrogen/progesterone
combination (Trisequens)

Duration, 6 mo

Promensrl (40 mg ol total isbflavones) vs. olacebo
Dura t ron ,  7 .5  mo (12  wk,  then 4-wk washout ,  ihen  14  wk)

Promensrl (40 mg of tolal rsoflavones) vs. Promensrl (i60 mg
of rsoilavones) vs. placebo

Dura t ron ,3  mo

Dong quJr (3 cäOs"Jes I  i rme\/d: "qLrvalenr 4 5 R ot do-R
quat root ld:  , tünodroized to 0 5 Tt l lq rerurrr  ar.o) vr.
praceoo

D u r a t r o n , 6  m o

Evenrnq pnmrose oi l  (2000 mg wrth 20 mg o{ ütamin E)
twrce darly vs. placebo

Durat ion 5 mo

Cinseng (Crnsana contatnrng 100 mg oF standardized extract
c115)

D u r a t r o n , 4  m o  ( 2  w k  r u n - i n ,  l . l , w k  t r e a t m e n t )

Kupperman rndex
symptoms); hot

scores (9
flashes; HAM A"

Kupperman rndex scores (moditred '17

symptoms): L.fl dnd FSH ievels

Frequency of hot f lashes; Symptoms
(Greene me.opause scale), LH.
FsH, esiradrol, and SHBC levels;
VMI: endometrial thickness
(evaiuated usin g ultrasonography)

Frequency of hot f lashes; symptoms
(Creene menopause 5caie); FSH,
SHBC. f,nd HDL cholesterol levels:

Kupperman Index score; vasomotor
f iushe5: endometr ial  thickness; VMI
vaginal dryness; estradioi ,  estrone,
and SHBC levels

Hot f löhes or sweating episodes

Hot f lashes and other symptoms
(VAS); Psychological  Ceneral  Wel l
Being index: WHQ (measures of
qualr ty of l i fe);  FsH and estradiol
levels;  endometr ial  thickness (evalu
ated u5rnB ul trasonography);  VMI

Hot f lashes and night sweats (by darly
diary) :  Menopause-Speclt ic
Qua|ty-of -Lr ie Questonna re
5cores; urnary phytoesirogen
excrelron

Chinese herbal formuia (daily dase of Rehmannia g!uünosa,
15 e; aomus offictnalß, 10 g; Dtosorea opposita, 12 g,
Alt5ma onentdli5,8 g,: Paeona sulftuttcosa, I g: Pona
cocos,1) t, Cints reticulata,5 g, Lvoum chiner5e, 20 ß;
Albtzzra iulibnsstn, 15 g: Ztztphus iutuba, 1O g: E.l ipta
prostrata 1 5 $ Li gustrum I uadum, 10 g) vs. btiter placebo

Duratron,3 mo

gynecologic and other condit ions. A.lmost el l  cl inical stud,
ies of black cohosh have used the standardized product
Remifbmin (Cla-xoSmirhKline, Pit tsburgh, Pennsylvania);
however, the irormulation ar.rd rhe dosage have changed
over ! ime. One of fbur randomized. control led rr ials of

www.annals.org

black cohosh For hot f lashes was placebo control led (J0),

one used borh a rrearrnenr and placebo conrrol ( i2), and
fwo were treatmenr conrrol led (11, 1l).  

' fhree 
of the four

tr iais tbund black cohosh ro be beneficial fbr treatinq hor
fl;ushes,

l ' l  Novtmoer 1002 
lÄnnals 

ot Inrernal Me<ticine 
I 
Volurnc lJ7 . Number to 

| 
8O7



I

\c,lonlrt,t ,,f No CuNIC I Conrpl.'ent:ry and Alternative Medicine fbr lvlenopausai Svmptoms

I

l
I

Tablz 2. Soy and Soy Extracts for Hot Flashes*

Study, Year (Reference)

Van Patten et al., 2002 (34)

Han et al.,2002 (35)

Study Design

Randomized, double-bl ind, placeDo-control led tr ia l

Randomized, dor l ie-bl ind, placebo-control led tr ia i

Randomized. do!ble-bl ind, Dlacebo-control led tnal

Rdndomized, doubie-b|nd, placebo control led taäl

Randomized double-bl ind, placebo-control led
crossover tral

Randomized, double'bhnd, placebo control led
muit icenter tr ia l

Randomized, double-bl ind, placebo .ontrol led,
crossover tiial

Randomized, double-bl ind, piacebo-control led
m!l trcenter tnal

Randomized, double-bland. placebo control led,
croSSover Inar

Randomrzed. olacebo-control led. unbl inded tr ial

Randomized, placebo-control led tr ia l

Randomized, control led tr ia l

Patient Characteristics and Age
-57  po5tmelopausd l  womel  r  I23  comprered 'he . tuoy)

wrth breast c.!naPr 3id hot f lasnes

82 postmenopausal women (80 completed the study)
'i,rth hoi ilasnes

Age.45-55 y

91 perimerooalsal women (69 comoleted the studv)
wrth 'O 1or flasres weekly

Age,42-62 y

39 postmenopausai women (22 completed the study)t
rncluded surgrcal and early menopau5e

Age, 29-63 y

1  7 -  w o m e n  ( 1 J 9 . . o m p l c t e d  r h e  s r u d y )  w r t h  h r s t o r y  o i
btea5i cancer and /  l4 hot t l . rshPi weekly:  f ,o\ t
pat ients were receiving tamoxi ien or raloxrfene

A g e ,  > 1 8  y

177 postmenopausal women (1 17 completed the study)
with :5 hot f löhes darly

Age, >50 y

51 perimenopausai women (42 compieted the 5tudy)
wrth :-  t  hot f löh dai ly

Aße, 45-55 y

104 postmenopausal women (79 completed the study)
wiih > 7 hot f la(hes da ly

Age,45-62 y

52 poctmelopau<al wonen (44 .omplcted the str,oy)
wr th  >14 ho t  f lashes  week ly

Age, 45-55 y

145 peri- and posimenopausäl women ('114 completed
the study) wrth >1 climactenc symptom

Ate, 43-65 y

scambra el al., 20010 (J7)

St. cermain et al., 2001
(36)

Quel la et al . ,  2000 r l8)

Unrted States

r taly

Unrted States

Austraiia

l lnr ted Siates

Unrted Stätes

Washburn et al . ,  1999 (40)

Upmalis et al.

Albertezi et al

Dr la rs  e t  a l . ,  1998 (42)

Brzezinskr et al . ,  1997 (43)

Murkies et al

Baird et al . .  1995 (.15) United States

ulin: VMI -- vagind maturation index.
I Nhnufactuer, SOYSELEC-i. Indcna, Settala. N4rlar, ltalv.
t Cormrcnrs are i ialicized.

Neither the identiry of act ive compounds nor rhe
mechanism olr act ion oi black cohosh is knorvn. Although
Formononerin, an estrogenic isof lavone, was reporred ro

8O8l l9  Nou. r 'ber  10021, , \nna lso f ln rc rnr . lMed ic rne lVo lumc lJ7 .N ' , , r r ,ber  10

58 postmenopa!sal women (47 compieted the study)
with >14 hot t lashes weekly

Age, l0-70 y

97 postmenopau5al women (91 comoleted the study)
ABe,45-65 y

have been isolated from black cthosh extract (20), another
studv fbund no fbrmononetin in black cohosh extract (2 1).

In addit ion, : l  recent.systemlt ic exünrinaaion of e.xrracrs oi

www.annals.org
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Table 2-Continued

Treatment, Dose, and Durationt

Soy beverate (90 mg of isoflavones/d) vs. control
(flce DevelaFe)

Drrat,cn '12 wk

Capsules containrnß daly dose ot 1 50.9 mg of
loy protern and 1oo rirg of isoflavones (69.9
rnr of ;;en,stein, 1 8.6 mg of dardzein, 1 1 .4 mg
cr grycrr:rn)

Dura t ion ,4  mo

4o grd 9{ 15qfl3e9nr-.cn 5oy ororern (80.d ng
aßly.o.e5) vs. lO g/d of isoflavone-poo' soy
protein (4.4 mgld oi aglycones) vs. 40 mgld
ot ccntrol (whey protein)

Duration. 24 wk

>tandardized soy extra.t (lOYSELEC;.400 mgld
150 mqld of rsorlavonesl) vs. pla(ebo. After o
wK. (orJUgdtec estrogens (0.625 mg/d) were
ddded to lreatment; afle/ 8 wl'. 5oy wd5
discontrnued dnd medroxyprogesterone acetate
(10 mg/d) wö added to the conjugated
estrogens

Duration, 12 wk (6 wk treatment, 4-wk treatment
plus conjuBated estrotens; 2-wk conj!ßated
estrogens plus medroxyprogesierone acetate)

soy tableis containing daily dose of 1 50 mß of
isofJavones vs. placebo

Duration, 8 wk (each phase, 4 wk)

Standardized rou,rofl ,uona extract contarnrnp b0
mg of genist6in plus dardzein daily vs. plaiäbo

Duration, 12 wk

20 g at soy protein powder daily (34 mg of
isoflavones) In srn€le or split do5es vs. control
(isoflavone-f ree calbohydrate)

DuraUon, 18 wk (each phase löted 6 wk)

Outcome Measures

Hot f lasn frequency and hot f iash score
(number x severrryl

Kupperman Index score; l ip ids; body
mass index; blood pressure; ßlucose,
FsH, LH, and 17p-estradiol  levcis

Frequency and severity of hot flashes
and n,ght 5weats: insomnrd: 'at iFue.

mood 5wints;  vaginal dryness and
other menopausal symptoms

FreQuencv and severi ty of hot i löhes;
Greent i  menopause-scale: VMI;
endometr ial  thickness; puisat i l i ty
index of uter ine artery;  total
cholesterol ,  HDL, LDL, fr ig lyceride,
FSH, and LH levels

Frequency and rntensity of hot f lashes
ind hot f lash score
(frequency ;< severfty)

Frequency and seventy of hot f lashes
ahd niAht sweats; SHBC and FsH
levels;  VMI; endometnai thickness
(evaluated u5rnR ul trasonoqraphy);
N telopept de: r juair ty-of - i i le

meöures: total  cholesterol ,  LDL,
f lDl,  and lr ig lyceride levels

FreQuencv and seventv o{ hot f fashes;
ei trogen symptom 5core { including
hot f fashe5, vägrnal dryness, s leep
dr5turbance5);  tolal  choie5ierol ,  LDL
HDL, and ir ig lycende levels;  blood
press u re

Frequency and severj ty of hot f löhes;
Kupperman index scores; blood
pressure

Frequency of hot f lashes, VMI; bone
mineral  content;  bone mrneral
0ensrry

Menopause symPtom queshonnarre;
' s t radro .  L  -1 ,  FSH,  SFBC,  and serum
phytoestrogen levels

Frequency o{ hot f lashes and hot f fash
score ( i requency x seventy);  other
menopausal tymptoms; VMI; l ip d
and FSH levers

VMI; LH, FsH, and SHBC ievels

Findings and Comments+

No dif ference behveen qroups; hot f lash scores decreased in both
f r e  $ y  ß r o u p  { 3 0 " " )  a r d  I h e  L o n t r o f ß r o u p  r a 0 Ö o )  M o I e

ßastrointe) i lnäl  ef fec1c rrrre ,epoled 1 the soy Sroup

Compared with piacebo, treatment decreased menopausal
svmptoms (P < 0.01),  decreased lotal  cholesterol  and LDL
evels (P -- :0.01), .ard i i rcreased 17n-estradiol  levels ( from

9 - 1.2 pglnL tc 19 :  )  )  ogrmr. P ü.0ott  No efects on'  other oulcome mel iures
fhis was the anly study that found increased estadiol levels

\o srqnrfrcart  drf fere^ce be&een Rroups .n Frequenry ot )evenly
oftrot  l ldsnes or nrght sweats at "  2 o'  24 wee(5 (hot f lashps
decreased in al l  groups);  no changes n other outcome

'measureS

Longest study to date: 6 wk data not presented; spoftdtc
symptams throughout the study (menopausal transitlon)

Compared with placebo, treatment decreöed frequenry and
seventy of hot f lashs (P < 0.01 and P < 0.001) at 6 wk; soy
caused no chanAes in other outcome meäsures; coniugated
estrogens caused predictable estrogenrc changes in both
groups

No difference between grouos in hot f lash scor€ or frequency
rfreouency oi hot f ldshes.decreöed .n botl. groupsr: pat e.rs
dro nof prerer soy over placeoo

compared with placebo, treatment reduced frequency of hot
flashes at 6 wk (P = 0.03): at 12 wk, treatment reduced
sevenW cf hot f lashes and niRht sweats (P = 0.01), but not
frequeircy of hot f lashes or nilht sweats; no chantes in other
outcome measures

Relative lack at soy prctein in supplement

Seventy of hot f lashes (P < 0.001 ) and estrogen symptom score
(P 0.05) ,mproved oniy :n split dose soy Rroup; no
crffererces dmong ßroups rn irequency oi hot t lasne5.
comoareo wrth control. lrearmeat (for both soy groups)
decreased total cholesterol and LDL levels (P < O.O5); no
chanqes rr.lDt or tnBlycende levels: drastolrc blood p'essure
de!,eased (P 0 01) only In \pli l  dose soy ßroup

No washout betwen crossovet baseline number of hot flashes
not rcpotted

Compdred wrth control, lreatFlent srBlrfcantly ,edLCed keque.cy
o f  hor  r lashes  (45" "  v i .  11 ' " )  a l  2  wk  (P  0 .0 ' ) :  ro  cnarße
n K!pperman index score

Compared wrth baseline, l inseed and wheat (but not soy)
decreased frequency of hot f lashes; oniy soy rmproved VMI
(increase oi 1O3%) e < 0.04) and bone mrneral content
(increase of 5.2%) (P = 0.03); no changes in bone mineral
0enSrty

lncreased bone mneral content in say goup ovet short ilme is
of note

No differences between groups in menopause symptom
ouestionnarre scores, which decreased in both qroup5;
cbmoared with control. treatment sienrficantlv lhcreased SHBc
leveis (p < 0.003) and significantly decreased vaginal dryness
(P = 0.005) and hot {lash "severity score" (P . Ö.0o4)
assessed as part ot ihe menopause symptom questionnaire

Report states that estradiol level did not change signtftantly;
hawever, kble shows estradiol decteaed in both graups; no
report of 6-wk data

\o ,rg1rfi.ant differenceq belweer groups r' menopau\al
.vmptom5, 'requenr.y of hot f lashes or hot f lash \core
(decreöed rn both Aroups), or other outcome meas!res; no
change in VMI or l ipids; compared with baseline, FSH leve{
decreased significantly only In the control Sroup

No srpnrficdnt chdnpe( 'r anv oJtcome meJsüre\
4or l lasnes tot mpisureo: l i tät rery shod,n duuaal

oO t oi  soldted <ov prote n powoer ddrv r4O I ol
oiolern. '6rt  of  rs i lavones faelyccne. l ,  v ' r
controt i lsor iavone-ryee cf,se,n powoer
containinß 40 g of protern)

D u r a t i o n ,  1 2  w k

a 5  e / d  i 1 ' o r r  J i  b r e d o )  o f  \ o v  e n r s  ( 5 1  m R / o
rsof lavonesr o/ I rnseed (f laxseeö vs. ronrröl
(wneat f ,eal)

Durai ion, 28 wk (each phase iasted 12 wk, 4-wk
w ö n o u t )

Phytoestrogen-nch diet contarnrng soybean food
and f laxseed (/4 cabnc rntake) vs. control
(normal diet)

D u r a t i o n ,  1 2  w k

15 g/d of soy f iour vs. 45 g/d of wheat i lour
D u r a t r o n , 1 2  w k

soy diet (1/3 calonc Intake; est imated 165 mgld
bf rsof lavones) vs. control  (usual dier/

Durat ion, 4 wk

black cohosh collected fiom 13 locations in the eastern

United States as well as Remif-emin also lbund no for-

mononetin in any sample (22). Thus, ocher compounds

wwv.annals.org

must be responsible fbr i ts biological act iviry. Small

amounrs of biochanin, another isof lavone, have been iso-

lared from C. racernosa roots (23). Other candidates for fhe
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biological act iviry of black cohosh include tr i terpene glvco-
sides, organic acids, and esters.

Black cohosh is not usually used on a long-term basis,
and no cl inical rr ials have lasted for more than 6 months.
This is of concern because women using rhis product fbr
"natural" hormone replacemenr rherapy may take ir tbr

years. There are no published data from human trials about
long-term saf-ew, particularlv regarding endometrial or

breast stimulation. Effects on vaginal epithelium are incon-
clusive: rwo of five randomized, controlled rrials thar ex-
amined estrogenic effect on vaginal epirheliunr reported a

stimulatory effecr (11, 12). In vitro and in vivo studies are
not consistent or sufficient. Althoueh biack cohosh may be

useful fbr menopausal symproms, läng-,.r- ur. .".rno, b.

presurned. to be safe until appropriare safery studies are

conducreo.

Red clover contains the phvtoesrrogens formononetin,
biochanin A, daidzein, and genistein (24). Two small ,

3-month clinical trials conducted in Australia reported no
signif icant benefi t  ofred clover exrract for hoc f lashes ( i4,

15) (f .able 1). Several larger tr ials are in progress. Red

clover, a Native American herb, h:u not been tradit ional ly

used on a long-term basis for hot flashes, and ir is un-
known whether long-term use would have an estrogenic

effect on the breasc or endometrium.

Dong quai, a Chinese herb tradir ional ly prescribed as a
tonic fbr women, is most commonlv used as parr oF a

mixture. I t  is sold in the Unired Srates tbr use alone or as

part of newly fbrmuiated, nontraditional herbal combina-
tions. One trial of dong quai found no benefit for hot
f lashes (16) (Table 1). I t  would be valuable to study Tra-

didonal Chinese Medicine (TCM) formulas, prescribed in

accordance with TCM diagnostic merhods. Dong quai
does nor contain che rypicallv reported phytoestrogens, and
the data on stirnulation of estrogen recepror positive breast
cancer cells or binding ro esrrogen receptors (25, 26) are
con{1ict ing. Dong quai contains coumarins and can cause
bleeding when administered concurrently wirh warlarin
(27); rh.. furocoumarins contained in dong quai can cause
p hotosensitiz atio n (24) .

Oil  of eveninq primros€, a good source oF rhe prosta-
glandin E, precursor y-l inolenic acid, was evaluated fbr

hot flashes in one triall no differences were {bund berween
a group of patients using evenir ig prirnrose oi l  .rnd a pla-
cebo group (17). Singie-dose studies are dif f icuir to evalu-
ate when optimum dose and duration of treatmenrs are
unknorvn. Evening primrose oi l  is a benign rreaünenr.

Ginseng has been used as a tonic tbr cencuries in Asia.
One trial fbund no benefit of ginseng over placebo fbr

menopausal symp.oms and qualiry-of-life measures, al-
though rhere were posit ive ef l 'ects on mood (18). Case re-
ports l ink ingestion of ginseng with posrmenopausal bleed-
ing (28, 29); one case of postmenopausal bleeding occurred
after topical use oF a ginseng-containing fäce cream (30).

Cinseng also reduced the international normalized rat io in
one parient receiving rvarfarin rherupv (27).
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In summary, of the herbs rhar have been tested for hot

flashes, only black cohosh has shown a beneficial effect.

Questions remain about the long-term safery oF mosr
hcrbs .

Dietary Phytoestrogens

Many food planrs contain phytoestrogens, primari lv

phenolic (rather than steroidal) compounds that include

isoflavones, lignans, and coumestans. Isoflavone precursors

are Found in soy and oiher rypes of beans, clover, and

alfälfa. Lignan precursors are found in whole grains, seeds
(especially flaxseed [inseed]), fruits, vegetables, rye, millet,

and legumes (31). Intest inal bacteria converr plant l ignans

ro mammalian lignans (enterolactone and enterodiol) and

conven conjugated isollavones to unconjugated active
iso8avones (genistein, daidzein, and equol). Phytoestrogens

are estrogenic, and, chus, diet may modulate endocrine
actions in the body. High dietary intake oFsoy products in

Japan, China, and Korea has been proposed as one reason

for the lower prevalence of menopausal symptoms reported
in chose countr ies (32, j3)" Soy foods have become popular
in rhe United Srates for treating hot flashes, despire few

strong support ing cl inical studies.

We identified 1 I clinical trials that examined soy or
isoflavone supplemenrarion for hot { lashes (Table 2) (34-

44); one additional srudy of soy for menopausal women

examined vaginal epithel ium rather than hot f lashes (45).

Products srudied ranged from soy Foods to purified isofla-

vone preparations. Only 3 of 8 studies with trearment

phases that lasted for more than 6 weeks showed significant
improvemenc in hot f lashes at the end o[the study (35,4t,

43). 
'fhe 

longest studv to dace showed no benefit fbr hot

f lashes (or other svmptoms) at 24 weeks (36). Comparisons

are dif f icult  because of variat ions.in product, dosage, scor-

ing systems fbr symptoms oF hot f lashes, and the meno-

pausal status of patients. Published data show onlv modest

efTects (primarily on rhe severiry of hot fashes), and most

benefits disappeared aFter 6 weeks (for hot flashes, even 3
monrhs is barely adequare to appropriately assess efficacy)"

It  is of interest that in most oF these srudies, symptoms

decreased in all groups- often as much as 50% to 600/o in

placebo as well  as trearment groups. Studies of ionger du-

rat ion must be done to determine whether this placebo
effect would have declined over rime in any or all groups.
Addit ional srudies oF menopausal svmptoms are warranted

to dif ferentiare among whole fbods, soy protein, and isofla-

vone extracrs. Soy fbods have been a staple in Asian cuisine

fbr rhousands of years end are presumed safä. Supplement-

ing the diet wirh beans or bean products is a benign inter-

vention" No such presumption of safery can be made for

the isolated, often high-dose, isoflavories that are currentlv

sold over the counter.

Vitamin E

Vitamin E, recomrnended 
tin 

ma.,y popular books for

hor i lashes, was the subject of poorly controi led studies in

the 1940s and 1950s. A double-bl ind, 3-year studv in i953
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compared vitamin E (50 to 100 mgid) with rwo estrogen

preparations, phenobarbital,  and a placebo in 658 women
(46). On an l1-svmptom menopause index (hor f lashes
were not analyzed separately), more than 90o/o of women

rreated with .estrogen and 43o/o of wornen treareC wirh

phenobarbital responded; vitamin E was no tnore effective
(260/o) rhan placebo (33o/o). A recent randomized, placeb;-

controlled crossover study tested vitarnin E (400 IU vita-

min E succinate rwice dailv) in 125 breast cancer survivors

with at least 14 hot flashes weekly (47)" After 4 weeks,

vitamin E was associated with one less hot flash daiiy when

compared with placebo" The difference was sratistically but

nor cl inical ly signif icant; patients did not prefer vi tamin E

ro PlaceDo.

Acupuncture
In a study of the effects of acupuncture on hot flashes,

24 menopausal women were randomly assigned to either

an electroacupuncture group (electrical stimulation of acu-

puncture needles at.standardized points) or to a control

group (shallow :rcupuncture needle insertion at the same

points) (48). \(omen were treated twice weekly for 2

weeks and then weekly for an additionai 6 weeks. Hot

flashes and Kupperman index scores decreased significantly
(1 < 0.05) in both groups. and there were no differences

beween groups. In addition, sleep dysfunction scale scores

did not change. Because shallow needle insertion at correct

acupuncture points would be expected to have some effect,

the chosen control may have been suboptimal" Acupunc-

rure causes tissue trauma occasionally and serious compli'

cations (including pneumothorax and cardiac tamponade)

rarely. The most common serious complication has been

the transmission of hepati t is viruses or other inf lect ions

agenrs via inadequately steriiized needles (49). Disposable
needles, the standard of care in the United States, obviate

this concern.

Behavioral Therapies

Few studies have examined behavioral methods for

moderating hot flashes. One study compared paced respi-

ration (slow, deep breathing) wirh progressive muscle re-

laxation or nontherapeutic cy-wave electroencephalographic
biofeedback (control) in 33 postmenopausal women (50).

Paced respiration training for 4 months significantly re-

duced the frequency of hot flashes by 39o/o (P < 0.02);

progressive muscle rela-xation training and the control in-

rervention had no significant effect. In a more recent trial

by the same investigators, 24 postmenopausal women with

at least flve hot Hashes dailv were randomly assigned to

either paced respirat ion or biofeedback control (51). Paced

respiration decreased hot flashes significantly (440/o IP <

0.001]); no change occurred in che control group. No ;rd-

verse efliects were noted.

A randomized, controlled, 7-week study of the rel:r-x-

at ion fesponse rechnique involved 45 women (33 com-

plered the study) berwee n 44 an<l 66 years of age who were

www.annals.org

experiencing ar leasr {ive hot flashes daily (52)" The women

were randomly assigned to a reiaxacion response group, a

reading group, or a svmptom-chart ing (control) group.

The rei:uation group was instructed in ieluation response

techniques and asked ro practice 20 minutes daiiy; the

reading group read leisure material for 20 minutes daily.

Compared to baseline, the frequency of hot flashes did not

change in any group; the intensiry of hot llashes decreased

signif icantly only in the relaxation group (1 < 0.05). State

anxiery did not change in any groupr rrait anxierv (assessed

by using rhe Spieiberger State-Trait Anxiery Inventory) de-

creased significantly only in the relaxation group (P {

0.04). Behavioral therapies seem to be safe; an explanation

for treatment effects is needed. .

Wild Yam and Progesterone Creams

Topical wild yam (Dioscorea uillosa) and "natural" (mi-

cronized) progesrerone creams have been promoted for hot

flashes as well as many other conditions (53). \/ild yam

preparations contain diosgenin, which can be converted to

progesterone in a laboratory but not in the human bodv. A

double-blind, placebo-controlled crossover triai tested wild

yam cream against placebo for 3 months in 23 symptom-

atic menopausal wornen (54). The trertment and placebo

groups did not differ in hot flashes or night sweats (both

improved sl ightly in both groups). There were no changes

from baseline in body weight; blood pressure; or levels o[

serum estradiol, serum or salivary progesterone, total cho-

lesterol, triglyceride, high-densiry lipoprotein cholesterol,

follicle-stimulating hormone, and giucose.

Pharmacologically active progesterone creams are also

sold over the counter. A randomized, double-blind, placebo-

controlled trial on the effect of progesrerone cream on

bone examined hor f lashes as a secondary outcome (55).

Healthy postmenopausal women (n : 102) applied one-

quarter teaspoon of progesterone cream (20 rng of proges-

terone) or placebo dai ly for I  year. The women also re-

ceived dai ly mult ivi tamins and calcium (1200 rng dai ly).

The treatment did not af lect bone, but among patients

who inir ial ly reported hot l lashes, 5 of 26 women in rhe

control group compared with 25 of 30 worr€n in the treat-

ment group reported " improvement"; this dif ference was

signif icant (P < 0.00 l) .  Eight women treated with proges-

terone creanr had vaginal spott ing. Endometrial biopsv re-

vealed prol i ferat ive endometrium in one woman; biopsies

for the other seven women retrieved insufficient cissue for

diagnosis. The induction of postmenopausal bleeding is

worrisome and should be explored further.

Consunrers sometimes use lransdermal progesterone

creams as the progestin componenr of hormonc replace-

ment therapy; holvever, three studies have shown that se-

runr levels of progesterone ,ft.l application oF transdermal

c rer lT ls  a re  insu f f i c icn t  ro  p revent  cs t rogen ic  s r in ru la t ion  oF

the  endomerr iu rn  (56-58) .
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Dtscusstor't
Hot flashes are the primary symprom Iror which meno-

pausal women seek "natural" rreatments. In well-designed
but small  tr ials, viramin E,, red clover, evening primrose oi l ,
and dong <1uai were ireffccti.,'= iör hor llashes. Several con-
rrol led rr ials supported rhe use of biack cohosh lor meno-
pausal svmptoms; the rwo nlacebo-coltroiled studies that
specihcally examined hor Uashes found opposite results. As
herbs usually take longer than estrogen rherapy to work,
the rypical 3-month pharmaceutical uial model may be roo
shorr ro accurately assess the value of an herb (in all studies
of herbs, duration of treatment is imporranr). Saferv dara
on long-term use of herbs are inadequate. Because of the
populariry o€ black cohosh, ir  is extremely important to
elucidate both its benelits and potenrial risks (especially on
stimulat ion of endometrial or breast r issue). Behavioral ap-
proaches (such a"s paced respiration) are safe, have shown
some initial promise, anci deserve firrther srudy. There are
sufficient dara ro discourage the use of naturir.l progesrerone
cröam as the progestational component of hormone re-
placement therapy or for the rrearment oF osteoporosis.

Not all herbs and dietary supplements are risk-Free.
lvlany herbs are being promoted fbr nonrradir ional uses.
Newly formulated cornbinarion herbal producrs (often

containing novel mixtures or subtherapeutic doses) should
be avoided until research data are available; currenrly, no
saFew or eflicacy data on such combinations have been
published. The subtherapeutic doses often found in such
preparations mav render cherrt harmless, but even rhar can-
not b€ counted on. Although plant foods are presumed ro
be safe, the isolated, often concentrated conrponents have
not been tested for long-term use. Furthermore, because of
the lack of adequace pr.rduct qual i ty control in the United
States, it is diflicult ro identifr the reliabie supplemenr
brands. The number of herbal products in che U.S. rnar-
ketplace is growing rapidly, and recornmended dosages are
increasing withour research supporring the need for these
larger doses.

Health care providers and consumers should be aware
that despite the potential usefirlness of manv CAM thera-
pies, scientific research is limited. Product advertising hype
far exceeds scientific knowledge, and scientific evaluarion is
essential to enable an informed choice among trearments.
The pt>pulariry of CAiV therapies and their rherapeutic
potential necessitate de{rnirive safery and efficacy srudies.
Because herbs, vi tamins, and orher narural products cannor
be patented, industry-sponsored research will remain lim-
ited. Irederal end alternarive funding sources musr bridge
rhis gap.
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OT FLASHES ARE THE MOST
common svmptom related to
menopausal transition. I They
are expenenced by more than

50oÄ of menopausal women, can persist.
for several years after nenopause, and for
some wolnen can interlere with activi-
ties or sleep to such a degree that treat-
ment is requested. I A hot flash, or flush,
is the spontaneous sensation of warmth,
often associated with perspiration, pal-
pitations, and anxiety, resulting lrom a
vi lsom()tor response to decreasrng estro-
gen levels. It is hypothesized that endor-
phin concentrations in the hypothala-
mus decrease w i th  dec l in ing  es t rogen
production, enhancing release o[ nor-
epinephrine and serotonin. This lowers
the set point in the thermoregulatory
nucleus and leads to inappropriate heat-
loss mechanisms.2 *

Estrogen has been used as a hor-
mone supplement for nearlv 60 years
to treat menopausal svmptoms, and

For editorial <omment see p 2076.
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Context Concern regarding the adverse effects of estrogen and other hormones for
treating menopausal symptoms has led to demand for other options; however, the
efficacy and adverse effects of nonhormonal therapies are unclear.

Objective Io assess the efficacy and adverse effects of nonhormonal therapies for
menopausal hot f lashes by reviewing published randomized control led tr ials.

Data Sources MEDLINE (1966-October 2OO5), PsyclNFO (1974-October 200i l ,
and the Cochrane Controiled Clinical Trials Register Database (1966-October 2OO5)
were searched for relevant trials that provided data on treatment of menopausal hot
f lashes using 1 or more nonhormonal therapies.

Study Selection Al l  English-language, publ ished, randomized, double-bl ind, placebo-
control led tr ials of oral nonhormonal therapies for treating hot f lashes in menopausal
women measuring and report ing hot f lash frequency or severity outcomes.

Data Extraction Trials were identified, subjected to inclusion and exclusion criteria,
and reviewed. Data on participants, interventrons, and outcomes were extracted and
trials were rated for qualiiy based on established criteria. A meta-analysis was con-
ducted for therapies with suff icient tr ials report ing hot f lash frequency outcomes.

Data Synthesis From 4249 abstracts, 43 trials met inclusion criteria, including '10 trials
of antidepressants, 10 trrals of clonidine, 6 trials of other prescribed medications, and 1 7
trrals of isoflavone extracts. The number of daily hotflashes decreased compared with
placebo in meta-analyses of 7 comparisons of selective serotonin reuptake inhibitors (SSRls)
or serotonin norepinephrine reuptake inhibitors (SNRls) (mean dif ference, -1 .13,95%
confidence interval [Cl],  -1 .70 to -O.57),4 tr ials of clonidine (-0.95; 95% Cl, -1.44 to
-0.47), and 2 tr ials of gabapentin (-2.05; 95% Cl, -2.80 to -1.30). Frequency was not
reduced in meta-analysis of trials of red clover isoflavone extracts and results were mixed
for soy isoflavone extracts. Evidence of the efficacy of other therapies is limited due to
the small  number of tr ials and their deficiencjes. Trials do not compare dif ferent thera-
pies head-to-head and relative efficacy cannot be determined.

Conclusion The SSRIs or SNRls, clonidine, and gabapentin tr ials provide evidence
for efticacy; however, effects are less than for estrogen, few trials have been pub-
l ished and most have methodologrcal deficiencies, general izabi l i ty is l imited, and ad-
verse effects and cost may restrict use for many women. These therapies may be most
useful for highly symptomatic women who cannot take estrogen but are not optimal
choices for most women
J AAAA. 2406;295:2457 2071 www.Jama.com
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randomrzed controlled tnals (RCTs) in
dicate that estrogen reduces the [re-
quenc,v of hot flashes by 77"/o1 or by ap-
proximately 2.5 to 3 hot f lashes dai lyb
compared rvith placebo. However, re-
cent studies reporting adverse e[[ecrc of
cs i rogen, t  o  such as  card iovascu la r
events  and breas t  cancer .  re ise  impor -
tant concerns about i ts use. Fol lowing
the publication of the Women's Health
ln i r ia t i ve  t r ia l  in  l00 l  compar rng  es .
t r o g e n  w i t h  p l a c e b o ,  a n n u a l  d i s -
pensed prescr ip t ions  fo r  es t rogen
therapy' in the United States decl ined
from 9l million users in 2001 to 57 mil-
l i o n  u s e r s  i n  2 0 0 3 . ' o  T r e a t m e n t  o I
menopausa l  symptoms remains  an  in -
dication for estrogen, although the US
Food and Drug Admin is t ra t ion  ad-
vises physicians to use the srnallest ef-
fective dose for the shortest duration
poss ib le . r r

Concerns about the adverse effects
o[ estrogen have led to increased inter-
est in alternative therapies for improv-
ing  menopausa l  symptoms.  Wonren
with breast cancer who cannot take es-
trogen are also seeking alternatives. A
survey of women aged 45 to 65 years
enrolled in a health maintenance orsa-
n iza t ion  conducted  be fore  thc  Wom-
en's Health lnit iat ive publ icat ions re-
o o r t e d  t h a t  2 2 o b  o I  w o m e n  u s e d
alternative therapies to manage meno-
pausa l  symptoms. ' r  These inc luded
s t ress  management ,  nonprescr ip t ion
remedies ,  ch i roprac t ic  anc l  na turo-
pathic care, massage therapy, dieury
-sov, herbs, and acupuncture. I'r The idea
lha t  therap ies  ra rge t ing  var ious  nones-
troge n components of the vasornotor re-
sponse cou ld  in f luence symptoms is
reasonable: lrowever. evidence of their
eff icacl,  and adverse ef lects is gener
ai ly lacking or unclear.

The purptrse o[ our rel.rew ls t() c( )m-
pare the eflicacy and adverse effects of
therapies oiher than agents primari ly
comp<-rsed oIesrogen, progestin or pro-
g e s t e r o n e ,  o r  a n d r o g e n  [ o r  m e n o -
pausal hot flashes based on published
RCTs.  For  s lmp l ic i t , v ,  these are  re -
terred to as nonhormonal therapies, al-
though some therapies such as plant
isoflavones have weak estrosenic and

2058 JAMA, N{rv Ll0L)ö -.Vo] .19j. rvo. l i  (F.eprinted)

antiestrogenic activi t ies. This review
uses a methodology that determines the
strengths and l imits of avai lable evi-
dence to  p rovrde  a  compara t iv r '  assess-
ment oI treatment options.

-lherapies 
included in this review and

meta-analvsis were selectecl i ' rorn i l
b roader  sys temat ic  rev iew o f  t rea t -  .
ments for menopausal svlnptoms con-
ducred by the investigators.r Trials re-
ported from November 2004 through
Ocr ( )ber  1005 were  added to  the  pre-
v ious  rev iew. {  To  compare  e l f i cacy
across therapies, including estrogenl we
included tr ials using ingested agents
and comparable placebo treatmenß that
reported hot l lash outcomes. f  hese in-
cluded tr ials oI antidepressants, other
prescribed medications such as cloni-
dine, and isoflavone extracts derived
from red clover and soy. Trials of other
therapies, such as dietary forms of tso-
flavones (flour, powder, food items),
herbs and other dietary supplements,
acupuncture, energy therapies, and be-
havioral therapies such as relaxation
techn iques ,  were  no t  inc luded be
cause of nonstandardization of doses
and forms and dissimilar approaches to
bl inding and using controls. Avai lable
tr ials of these therapies do not sup-
por t  the i r  e f f i cacy  in  i rnprovrng  ho t
f lashes and are described elsewhere.r

'NETHODS

We identitled relevant trials from com-
p r e h e n s i v e  s e a r c h e s  o f  l v l E D L I N  E
( 1 9 6 6 - 0 c t o b e r  2 0 0 5 ) ,  P s y c l N F O
(1974-October  2005) ,  and the  Coch-
rane Controlled Clinical Trials Regis-
ter Database ( 1966-October 2005). We

a lso  searched lv lANTl .S  (  iB80-Ju ly
200-l) and All ied and Complementary
Medic ine  Database (AN4ED)  (  l9B5-
August  200 '1 )  da tabases ,  bu t  these
yieldecl no relevant trials. Specific search
terms rre avai lahle from the authcrrs.r
Addit ional arr icles were obtained by
manua l lv  seerch ing  redcnt  svs te tnx t ic
review-s,rr '5 reference l ists of relevant
art icles and Web sites. and by consult-
ing  expcr ts .  We entered  c i t ; t t ion :  In tu r
an electronic database using.EndNote
r.ersion 6.0 (Thomson ISI Research-

Sof t ,  Car lsbad.  Ca l i t ) .

Onlv publ ished English-language,
randomized,  doub ie-b l ind ,  p lacebo-
controlled triais providing data on treat-
ment of menopausal hot f lashes using
l or more nonhormonal therapres as de-
scribed above were included. Head-to-
head rri:.ils u,ithout a placebo group that
compared npnhormonal therapies with

eSrogerl or other medications were ex-
cluded because of difliculti, interpret-
ing results without a placebo.

Part icipants included women expe-
nencing menopausai hot f lashes whtr
were recruited frorp health care set-
t ings or the general populatron. Trials
enrol l ing women with breast cancer
were  inc luded and add i t iona l  da ta
un iqr re  ro  lhem.  such as  conconr i tan l
use oI tamoxifen or other selective es-
trogen receptor modulators (SERlvls),

were obtained. fr ials o[ women with
other major diseases or estrogen use
within I  month o[ commencement o[
the  s rudy  were  exc luded.

Tr ia ls  were  inc luded i f  they  mea-
sured l requency  or  sever i ty  o I  ho t
flashes. Frequency was obtained by self-
report r-rsing svmptom diaries. Sever-
ity measures were also sel[-reported but
in a variety o[ ways, such as using a
gradecl scale or a composite measure
(frequency x severity).r6 Hot f lash fre-
quency and composite measures have
demonstrated val idity and rel iabi l i ty,
and are highly correlated. 'n Somc tr ials
used cumulative symptoms scores, such
as  those ob ta ined w i th  the  Kupper -
man lndexrT and Greene Climacteric
Scale,rB to describe hot f lashes as well
as  var ious  o ther  menopausa l  symp-
toms. Howevet, use c' t f  these scores is

prob lemat ic  because some have no t
been val idated, thev contain di l ferent
cornponents  and cannot  be  d i rec t l y
conrpared, and measures ,rf  vasomo-

tor svmptoms may not be specif ical ly
e x p r e s s e d .  O u t c o n e s  w e r e  d e t e r -
mined kry the dilferences in hot flashes
measurecl at baseline compared wr th the
end of the tr ial .  Treatment ef lects were

de l ined xs  t  hc  d i l fe rcnccs  tn  r )u lconres

between the  t rea lment  and p lacebo
groups at the end of the tr ial .

From each tr ial ,  we abstracted pa-
r ienr  characrer is t i cs ,  e l ig ib i l i t y  c r i te -

@2006 American ltedical Assogiation. All r ights resened.
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ria, interventions (treatment, dose, du-
ration), comparisons, numbers enrolled
and lost to fol low-up, merhod of out-
come ascertainment, results for each
outcome, and adverse effects. Intention-
to-treat results were recorded if avail-
able. Benefi ts and adverse effecrs oi
therapies were considered equally im-
portant and both types of outcomes
were abstracted and summarized"

We revierved al l  el igible tr ials for
quality and apphed a best-evidence ap-
proach that emphasized trials with the
highest quality and most rigorous de-
sign.ro Two reviewers independently
ra ted  the  qua l i t y  o I  t r ia ls  based on
internai and external val idi ty using
criteria developed by the US Preven-
tive Services 

'Iask 
Force,2o These cri-

teria incorpofate key elements of the
CONSORT checkl ist.rr We also con-
sidered addit ional cr i ter ia relat ing to
trial size (=50 patients per group) and
duration (>4 weeks) based on meth-
odological research on studies of hor
flashes.'n interreviewer agreement was
high overal l  (x=0.78). When review-
ers disagreed, a final rating was reached
through consensus .,vi th a third re-
v iewer  (H.D.N. ) .

We performed a meta-analysis to de-
termine combined estimates oI the ef-
ficacv of therapies in reducing hot ilash
f requency ,  the  most  un i fo rmlv  re -
ported outcome measure across trials.
Trials el igible for meta-analysis pro-
vided adequate data for hot flash fre-
quencv outcomes. ln some cases, we ob,
ta ined edd i t iona l  da ta  bv  conrac t ing
rnvestigators.rz I The mean difference
(5E) in number of hot l lashes per day
between treatment and control groups
was obtained or estimated from each
tr ial.  When the mean dif ference (SE)
was estimated, we assumed correla-
t ion between baseltne and end points
to be zero to produce the most conser-
vative estlmates. ivlost crossover trials
in this revierv did not report adequate
crossover analysis and dld not include
washout  per iods .  l im i t ing  in rerprera-
t ion oI summarv stat ist ics. Ttt com-
bine crossover trials with trials oI par-
allel design in a single meta-analysis, we
used Cata from the f irst period only.r+

We used a random effects rnodeFj be-
cause there was ev.idence of heteroge-
neity between trials based on the Xr test
for heterogeneitir at a signif.icance levcl
o f  P = .  t 0  e n r !  t h c  l 2  : t a t i s t i c ,  p e r c e n t -
age of total variation across studies due
to fieterogeneity ratirer ihar, .:iiärrce, ol .
more  than 25o lo . 'n  Tr ia ls  were  s t ra t i -
fied by rype of therapy and duration o[
fol low-up when data al lowed. We per-
formed sensitivity anaiysis to evaluate
the effecs of dose, concurrent use of
SERlvls, quai i ty of tr ials (el iminating

trials rated poor quality), and degrees
oI correlation between baseline and out-
come measures.

We a-ssessed pub l ica t ion  b ias  by
using funnel plots and Egger's l inear
regression method.rT No publication
bias was detected by these methods,
however, their interpretation is limited
by the small numbers of trials for each
therapy.rs All analyses were performed
using Smra version 9.0 (StataCorp LP,
College Station, Tex).

RESULTS

O{ 4249 abstracts, ,}3 trials met inclu-
sion cri tena, which included I0 tr ials
of antidepressants, l0 tr ials of cloni-
dine, 6 tr ials o{ other prescribed medi-
cations, and 17 tr ials of isof lavone ex-
tracts (Ftcunr l) .

Antidepressant Medications

Ten trials oIantidepressant medications
met inclusion criteria (Tenre I ). 12 2r.2e 16
-fhese 

included 6 trials ofselective sero-
tonin reuptake rnhibitors (SSRIs) or
serotonin norepinephrine reuptake in-
hibitors (SNRIs) (paroxetine,re i0 ven-
lafaxine,]r ' r '  f luoxetine,I l r  and citalo-
pram2r) ,3  t r ia ls  o f  the  an t idopaminer -
gic drug veral ipr ide, 'r i  and 1 tr ial  o[a
selective monoamine oxidase-A inhibi-
tor moclobemide.ro

T w o  t r i a l s  r e p o r t e d  s r g n i [ i c e n t i v
reduced hot flash frequencv and sever-
i t1'  with paroxetine compared with pla-
cebo.2er0 Women enrol led in a good-
qualiq' tnal taking paroxetine controlled
release ( I  2.5 nrg/d rrr 15 mgrd) gaps-

nenced fewer dai ly hot f lashes than
women tak ing  p lacebo (3 .2 - - i . l  vs  1 .8
le rver  ep isodes ,  P=.01) . rq  In  a  fa i r -

Figure 1. Search and Selection of Trials

d249 Potent ialy Relevant
Abstracts ldentified
rn lvlEDLlNE PsyclNFO,
and Cochrane Databses
(l 966-October 2005) and
Screened ior Retrieval

I
t

6 Red Clover lsol avone
Extracts

6 Soy lsoilavone Extracts

@2006 American Medical r\ssociation. All r iehts resewed.

RCTs indicates randomized contro{led trials; S5Rls, se
lective serotonin reuptake inhibitors; 5NRls, seroto-
nin norepinephnne reuptake inhibitors. Articles iden-
t i f ied  f rom database searches  were  sub iec ted  to
inclusion and exclusion criteria for the systematic re-
view and meta-analysis.
*Some trials had more than 1 reason for exclusion.

quali ty tr ial  that included predomi-
nant ly  womcn w i th  b reas t  cancer  us ing
tamoxifen, those women taking l0- and
2O-rngid doses o[ paroxetine also had
fewer dai l i '  hot f lash episodes com-
pared with placebo (50o/o-51o/o vs 167o,
P <  0 0 I ) " r 0  C o m p o s i t e  s c o r e s  ( f r e -

quencv X severity) were reduced b,v
27 ' lo  ro  J5( )o  more  than p iacebo in  rhe
2 tr ials.rq r0 Although rreatment ef lects
were comparable between dose levels,
more women taking higher doses expe-
rienced adverse efl'ects in both trials,
including headache, nausea, and insom-
nia or drowsiness.tu 'o

(Reprinted) JAMA, \lav J. ]00(r-\t, l  295. No. l; '  2059

43 RCTS Met Eligibililj/ Crlterja
for Feview and Considered
for Meta anallsis
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Table 1. Placebo-Controlled Trials of Antideoressant Medications'!

No. of
Source Participants Sample Therapy

Length
of Trial Main Outcomes/Results Main Adverse Effects

Trial
Quality

Steams
el al.?l
2003

= 1 4 Hot llashes per sr'<
7o,/o have breägi
caner; 7o1, use
tamoxiicn or
fajcxilenei ülean age.
54-55 y (range,
36'76 y): 1 7 US sites

Paroxetine CP
12 i tr,g/d

l,afoxet ne.Cfl,
'25 neld

Aeduced lrequency (3.2-3.3 vs 1 B
fewer episodes per d, P = 0i);
rsuceo composne score
(629'o-65clo vs 3B%, P = 03),
^ , i i h  h ^ t h  d ^ c 6 c  ! c  ^ 1 . , _ ^ h ^

26 Wthdrawais 14 from
adverse efiects; 200,6
using 1 2 5 mg/d and 31 96
|  ' a ' n ^  ? 5  m ^ / d  h . d

adverse etfecls likely
'related to oaroxetrne, mosl
commonly headache,
nausea, and Insomnra

=14 Hot iashes perwk: Paroxetne,
>300,6 have breast 1 0 mg/d
cancer; >60% use Paroxetrne.
tamoxifen: mean age, 20 mgr'd
50 55 y (range,
27 76 y); 6 US sites

4 wk, each Reduced requency (50q-51yo
ohase oi vs l6%, P< 001); reouced
' 'ossover composrte "care /540ä for torn

doses vs 190/0, P< 001) witf
paroxelrne vs otaceoo

39 Wthdfawals, I 7 from Fatr1
adverse effects; 1 7olo
using 20 mgr'd wrthdfew
due to toxicfy vs 5olo using
10 mg/d. most commonly
lor drowsiness and nausea

Evans
er ai,?:'
2005

BO > l4 Hot lashes per wk; Venlafaxine XF
mean age. 52 53 yi 75 n)/d
Unrled States

12 wk No differences ln irequency or
seventy qfeater reduclion n
seli percerved hot ilash score
with venlafaxine vs placebo
(51% vs  l5%,  P . :  001)

19 Wlhdrawaisi dry mouth, Farr-i+
sreepressne$, ano
decreased apperie
reported

Lcpnnzl
et al. ' '
2000

'14 Hot nashes per wk; Venlafaine XF. ,1 wk
all have breast 37 5 mg/d
cancer or perceived Vffiiaialne XF
high risk: 6970 use 75 mg/d
lamoxrfen; aged Venlafarne XR,
:'18 yi United Stales I50 mg/d

BeducecJ frequency 130%-58%
vs I9-06, P< 00r)t reductri
composite score {379io 61 -olo
vs 279/o, P< 001 ), with all doses
\r. ^ a.dh^ ^rdri6, öff6^t \r,+h

75 mg/d and I 50 mg/d
sim lar effects in women

30 Vvilhdrawals; dry mouth.
Cecreased appetrle,
nausea, and conslipation
were lrequent with
higher doses

uslng iamoxrlen

Lopflnzl

et ai,r!

2042

>14 Hot flashes perwk, Fluoxetine,
all have breast 20 mg/d
cancer or perce'ved
high risk; 5470 üse
tamoxllen: most aged
=50 yj UnrieO States

4 wk, each Before crossover: no differences n
phase of frequency or composrte scorei
crossover summarystatrstrcs:reciuced

requency 11 .5 episodes per d
less ,P= 01) , reduced
composite score (24olo more
reduction, P =.02), with
fluoxetine vs Diacebo

15 Wllhdrawalsi no Farri
differences in symploms
belween groups

Suvanlo-
Luukkonen
et a|.23
2005

t 5 0 Natuf äl !)0sirenooause
ütn symplom9. no
menlal rllnesst mean
age. 54 y (range
,15-65 V); Fntand

Fuoxetlne 9 mö
20 mg/d
increased 10
30 mg/d at 6 mo

Citaropram,
20 mg/d
increased to
30 mg/d at 6 mo

Beduced frequency {>50%
decrease in 58%-64% ot
women) and Kupperman Inoex
scores in ail grouos from
baselrne (P<.001)i
h 6 h ^ , o o n - ^ r ^ , ' ^  . i t r d a n . r L

nol reponm

53 Withdrawals: srmrlar rates Fart
in each _aroup; 15 reporied
adverse effecis. most
ccmmonry nausea ano ory
mou lh ;  /o f8dose
reductrons wtre rn
treatmenl groups: I oas€
ol pulmonary embolism n
the cr lalo0ram

David et al,r

I 988

50 > ^  ! ^ i  { b c h Ä <  ^ ö .  d  \ / a r ,  i ^ ' i d ö

mean age.55 y 100 mq/d
(range, 32 31 ,/).

menopause clinic
in lsrael

) n  d  . ^  , c a <  n  A a d ,  . d  f r o ^ ,  o ^ . v  r n d  a 6 \ ? 6  t r v

4 phases of irom ilaseline wth veralipnde vs
crossover piacebo (B1oÄ 93% vs 30%) no

ilpvee^ 9r1 ,o dif lArence:

3 Withdrawalst I 4 reporled Poorls l
bilaleral gaiactorrhea,
6 gastrorntestinal
complarnts.4 asthen|a,
md 2 lachypnea
afd clyspnea

Reduceo ccmposrte score with No $/ithdrawals: 3 reported Pcorlll
veralipnde vs placebo {6696 vs mfftodynra
260/o P<.45); more women
noted rmprovement wth
veral pride vs p aceoo (85% vs
50% P< 05)

Melis et ai,''

1988

Postmsopause Veralipnde,
w th $vere hot 100 mgld
fiashes; mean age,
48-56 y: ltaly

3 0 d

Zichella
et al ij

1 986

2 A d30 t ) ^c imÖn^^r  <6  \ /o r r  i ^ r ido

'dith severe hoi I 00 rng/d
ilasnest mean age,
,15-55 v; ttarv

30 :14 Hor flashes i\ loclooemide
PeI wki mean age, I50 mg,/d
5i y (fange, 35-55 y); MocoiEmrde
mefopause clnic 3C0 mgi d
n Turl(ey

Reduced cornposlte smre u/ith
r a , r l  Ö r i d ö  \ , <  ^ . . a ^ ^  /  )  ?  , , i

-0.6 points, P< 05)

W, l^c j rawas o i 'epone l : 'C  pocr i  i$ ' l
repoded mastodynia and
2 gaiaciotrhea

Tafim et al,'5

2AA2
Reducgd irequency afro ccmposite

sccre irom baseline n all groups
lscore reduct onr 1 50 mg,'d
1709/"1 300 mgid I35o%1,
placeDo [249lo])t between-grcup

2 Wilhdrawals dle to

somno ence

Poort

d b6 ctu aol rcoo-ej

Abbrevrations: CR. controlied release; XF. extefced feiease.
"Compcsite score equals lrequency x sever(y .Six 'iflais oi .x ani ceoro$änt medicat or,s

were lncluoed in nleta analysis !2:3 '! r:

J.Les than 80% follcw up or not reponed

lS;1F o' l ' 'd i  qr.-o5 rr 'as ess hor 50 pd'r .oa"5

iLenqh of r ' rd väs less ' 'ä.  . l  w6eh.,

llnadequate analys s of Linailie to deJ-arm ne

flNo lrequency dala.
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A good-quali t1, tr ial  comparing 3
doses of venlafaxine extended release
(37.5 ,75 ,  o r  I50  mg/d)  w i th  p lacebo
in women with breast cancer or q' i th

self-perceived high rislr oi breast can-
cer reported decrease,! hot f lash [re-
quencv , ;0' iä- j t l ' ) , '  . 's lq" ' .  .  .uu |  .  ai  i ( l
decreased compos i te  scores  (37o lo -

6Iolo vs 27olo, P<.001) with al l  doses o[
venlafaxine.rr Effects lvere greater with
the 2 higher doses compared with the
lowest dose, although it is not clear from
the data that these differences were sta-
tistically signi[icant.Jr Wornen using ta-
rnoxifen had similar results as nonus-
ers. A smaller fair-quality trial o[women
without breast cancer reported no di l-
[e rences  in  f requencv  or  compos i le
score [or women using venlafaxine ex-
tencled release (75 mg/d) cornpared
with placebo.12 In this trial, venlafax-
ine users had a greater reduction in a
measure of their perception of how hot
flashes inter{ere with daily living (51o/o

improved wrth venlafaxine vs 15olo with
placebo. P<.001). Adverse effects of
venlafaxine included dry mouth, de-
c r e a s e d  a p p e t i f e ,  n a u s e a ,  c o n s t i p a -
t ion, and sleeplessness, and were more
common at higher doses.rt  l

A fair-qual iry tr ial  o[ f luoxetine (20

mg/d) in women with breast cancer or
with self-perceived high risk oI breasr
cancer indicated no significant differ-
ences in hot f lash lrequency or com-
posi[e score betlveen treatment and pla-
cebo groups before crossover.r2 Anorher
fair-qr"ral i t) ,  tr ial  i rr  women wrthout
breast cancer compared I luoxetine (30
rng/d), ci talopram (30 mg/d), and pla-
cetro and lbund no srgnif icant dif fer-
ences in liequency o[ hot flashes and
overall Kupperman Index scores.rr Main
adverse effects included nausea and drv
mouth-r l

Veral ipr ide was compared with pla,
cebo in 3 poor-quali ty tr ials.rr r 'Trials

were conducted in the 19BOs, enrol led
50 or less patients, and reported l im-
ited data. Two tr ials of veral ipr ide ( i00

mg/d) reported reduced hot llash com-
p o s i t e  s c o r e s  c o r n p a r e d  w i t h  p l a -
cebo,rn- ' j  ar-rd in I  tr ial ,  more women
noted sub jec t ive  improvement  w i th
vera l ip r ide  cornpared rv i  th  p lacebo

(B)u/,,  vs 50"/ ' ,  P< 05).r* Another tr ial
reported changes from baseline con-
sistent with the other tr ials but did not
report between-group comparisons.ir
Mastodynia, galactorrhea, and gastro^
intestinal complaints occurred more lre-
quently in the veralipnde group in these
tr ials. l i . r t

A poor-quali ty tr ial  of moclobemide
reported reduced hot f lash composite
scores at 2 doses (70olo reductron at 150
mg/d and 35olo reduction at 300 mg/
d) .  a l though conrpar isons  rv i th  p ta -
ceb<> (24uk reduction) were not re-
ported.ro Two patients withdrew from
the tr ial  because of somnolenc-e from
moclobemide.

Other Prescribed Älledications

Sixteen RCTs o{ other prescribed medi-
cations met inclusion cri teria, rnclud-
ing l0 trials of the centrallv active u-ad-
r e n e r g i c  a g o n i , s t  a n t i  h y p e r t e n s i v e
clonLdine,rT *6 J tnals of the ct-adren-
ergic agonist antihypertensive methyl-
dopa,*7'*q 2 tr ials of the 1-aminobu-
t y r r c  a c i d  a n a l o g  a n t t c o n v u l s i v e
gabapentin, i0tr and I tr ial  of the anti-
spasmodic /sedat ive  combina t io r r  e r -
gotamine, phenobarbital,  and levoro-
tatow alkaloids.)2

Of l0 tnals comparing clonidine wrth
placebo,rT *n al l  except 3 fair-qual i ty
tr ialsrs+i+6 met cri ter ia [br poor qual-
i ty due to few patienrc, lack of clear in-
clusion and exclusion cri teria. high at-
tr idon or ioss to fol low-up, no washout
period in crossover tr ials, lack oI data
for precrossover cornparisons, ancl short
t rea tment  dura t ion  (TABLE 2) .  Four
t r i a l s r q + r ' j 5  + 6  r e p o l t e d  r e d u c e d  f r e -
quency of hot f lashes wrth clonidine
c o m p a r e d  w i t h  p l a c e b o  a n d  5  d i d
not. " '  t  wo trt l l ls rcp()r i ln8 rc-
duced ho t  [1ash l requency  inc luded
lvomen with breast cancer taking ta-
moxifen; reduced severitvat and com-
posite score*o were also re ported. 

' f  
rvu

o t h t ' r  t r r : r l s ' ' ' j  r e n o n e , l  r e d u c e d  h o t' " r " ' - ' " .
f l a s h  s e v e r i t y  w i t h  c l o n i d i n e  c o m -
pared with placebo, although 3 tr ials
[ound no dif ferences,rT ]8 ' ' )  Adverse ef-
l e c t s  w e r c  r c p o r t c d  i n  8  t r i a l s :  d r r
mouthln-+ori and insomnia or drowsi-
nessjq +ir '+j 16 occurrid more lrecluenth'

in women taking clonidine than pla-
c e h o .  B l o o d  p r e s s u r e  w a s  n o t  a d -
versely affected bv clonicl ine.r7 Js+r'+r '++

Three poor-quali ty crossover tr ials
compared methv ldopa rv i th  p l rcebo
(Tesrt 3).17'+c l l l  tr i : is prrrvided pre-
crossover statistics and none foun,l slg-
nif icant dif feränces in hot f lash lre-
quency.rT'te One tr ialaq reporred that
methvldopa was more effect ive than
placebo in improving scores on a vl-
sual analog scale. Fatigue or drowsi-
ness ,  d izz ines ,s ,  and dry  rnouth  oc-
curred more often among women using
melhyldopa than occurred with pla-
cebu. tT- tq  No s ign i f i can t  changes in
blood pressure were noted+7 - ' ;  how-
ever, I  study+8 reported orthostat ic hy-
potension in J patient

Two t r ia ls  o I  gabapent in . -0  ] r  a  fa i r -
quai i ty tnalr 'r  and a goocl-qual i tv tr iai
o I  women w i th  h rcas t  cancer  us inq  t l -
moxifen,tr reported reduced hot f lash
freqr-rency and severity compared with
p lacebo ( Iab le  3 ) .  Women tak ing  a
gabapentin dose of 900 rng/d experi-
enced rec luc t ions  in  ho t  f lash  f re -
quency in both trials ('15olo vs 29"k for
placebo. P=.02r0, 14oh vs L5o/o tbr pla-
cebo,  P<.001 j ' )  bu t  no t  when tak ing
a 300-mg/d  dose. i r  Somnolence,  [a -
t igue, dizziness, rash, heart palpita-
t ions, and peripheral edema rvere re-
ported with gabapentin use.

A poor-qr-ral i tv tr ial  cornpared Bel-
Iergal Retard, a conrbination o[ 0.6-mg
e r g o t a m i  n e ,  - 1 0 - m g  p h e n o b a r b i t a l .
a n d  0 . 2 - m g  l e v o r o t a t o r v  a l k a l o i d s ,
with placebo (Table 3) " '  The number
o f  ho t  f lashes ,  sever i ty ,  and sweat -
Lng decreased in  bo th  rhe  Be l le rga l
Retard and placebo groups, but these
reductions were not signif icantlv cl i f-
lerent between groups. Adversc elfecu
w e r e  s i m i l a r  b e t w e e n  g r o u p s  a n d
inc luc led  dry  mouth ,  d izz iness ,  and
sleepiness.

lsoflavone Extracts

Seventeen RCTs of isof lavone e\tracts
met  inc lus ion  c r i te r ia .  T r ia ls  eva lu -
ated red clover isof lavones,tr ' iE rvhicl-t
c o n t a i n e d  g e n i s t e i n .  d a i d z e i n ,  f o r -
mononet in .  and b iochan ln ,  and sor .
r s c ' f l a v o n c s . j u  n '  w h i c h  c o n t a i n e d

(Repr , i ted)  JAMA.  \ l r r  J ,  l00 i r  \  L r i  l r )  j  No l :  2061@2006.dmerican Medical Associatlon. .{l l  r ights resewed.
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Table 2. Placebo-Controlled Trials of Clonidinei'

No. of Length ol Trial
999t9u Participants Sample Therapy Trial Main Outcomes/Results Main Adverse'Effects Quality

Bolli ild 12 Women w(f' 0 0375 mg [ryrce darty 2 wk, each Beduced trequency n i]oth 1 Womtr reported nausea Pccrlis
hypedensoq ano 0.075 mg b{ice phase of the 0.075 Tg and placebo
menopausl hot darly when crossover groups From basettne no

Simpson.' '
1975

. rds r 'Es . . i l ) f f  dge  !  f tPAOU| j l ve  to

51 yi New Zealand lower dose
belweon-grcup differences rn
lrequency, seventy. of duratjon

Clayden I 00 [,4enopausal hot llashes; 0.025 mg twice dai yi 4 wk. each Beduced frequency anci improved 1 4 WithdrawaLs; 4 for Far i
et al.* 1974 mean aqe. 50 y increaseci if phase of seveflty and duration wrth adverse effeclsi 3 wiih teq

{range, .11 -02 y)i neeCed tc cfcs$ver clonidrne fronr llaseline: no parn and ankle swell ng;
Englmd marmum 0 075 between-group differences ln more patients taking

mg twice daily mean cnange in fiequency clonidine haC dry mouth

Fdington
et al.-! i980

93 >30 Hot llashes per wk: 0.05 mg twce daily 4 wk. each Beduced.umber of hot fläshes l5 Withdrawals; 6 for Poorrri
mean age, 4/ y
{range, 27 71 y);
Canada

pnase of (averaged over all 4 tflals), wrtfr adverse efiects (2 placeoo
crossover clon drne vs placebo (0.5 iewer md 4 clonidine)i more

eprsodesperd P<05) patientstaktngcionidine
had dry moulh. Insomnia,
trd headache

Lrnosay and 100 Naturai menopause wrth 0.050 mg twice darly; 6 wk, each lmproved hol flashes rn both 59 Withdrawals, 2 for Poort l,1l
Hart $ 1 973 Symptomsi mean incr-oased rt phase oi groups lrom baselinei no nausea. dry mouth. and

age. 46 y (rilge, needeC to crossover belween group ciifferences rnsomnia; 2 reponed
35 60 y); menopause marmum of 0.05 (Blatt lvlenopausal lndex. ncreased noct!|a
clinic In EngianC 9!rr!{4y __ llushrng atacks scalel

Nagamanr 30 Postmenopausewlh 0.1 mgyd, 8wk Feducedfre..tuencyfcroölh Minorsknreaction Poorllt l
et al. ' '  1987 ^ol flasnes. B0oo l-ad l.ansderral

surgcal menopause;
mean age,41  y
kange, 25-58 y),
Un led States

groups Tom öaseirne: no
tlelween group differ€nces#

More women taking (Jonrdine
reponeo mprovemenl on
sutleclive measures ol
rrequency (80% vs 36%,
P<.04). severlty {73olo vs 29%
P< 041, and duration (670lo vs
21%.  P. : .C3)

Nappi et aj.'!r 35 Women undergoing Conrdine, 0.075 mq ,1 wk Reduced freouency and rntensty Noi reporteo Poortt,
oopnoredomyt mean twce darly
age, 4-1 y (range. Lrsuride. 0.2 mg
30 50 V). ltaly twce darly

Transdermal
1 78 estradiol,
0.050 mg/o

wth estraoiol, clonrdine, and
isurde vs piacebo |P.r.01)

Sami and 40 Postmenopause wrth 0 025 mg Mrce daly; d ,ryk, each Nio betlveen-grcup drJlerences 3 Withcirawals: no diflerences Pcoft llll
Punnonen.'i svmploms; mean increaseo if phase of in rnlmsity rn adverse etfects
1979 age. 51 y (range, needed to crossover

4l 57 v): Finland maimum 0.075

_ 
To lwh 'q  jd t l v

Wm and 19 Post'nenopause wdh 0.05 mg lwce da ly .1 ,Nk, each No between-group drfferences 5 Withdrawals clue to P@rt1 |
B{own," synrptoms: mean phase 01 in iequency nonresponse, 3
1986 age,51 y kmge, cros$ver repoded grddlness

46-56 y); menopause

_ _!li'.1'l&., ui'"
Goidberg 116 >7Ho1 fiashespswk: 0.1 mgd, 4wk,each Beforecrossver: rmuced Nowiihdrawalsforadverse Farll

et ai.'5 1994 ail have breast transdermal phase of irequercy \44o/ovs27o/a, effectsi ncreased dry
carcer md us crossov€r P<.04), severitv il 20lo vs 2%, mouth. ccnsnpation,
tamox len; mean age, P< 03) and composrre score tchrness Jnder the patch,
54 v {Iange, 30 /6 }); (569i, vs 30%, P< 04) .or and drowsrness with
Unrled States clonldrne vs olacebo summajy clonidine

statistics no between group
diiferences lor lrequency,
sevsrly or score. palren(s
preterreci clonldtne vs placello

Pandya reg = irrot 'iu.i u-. * 1 är o.l rEa 
--l;k- -l#l*"r"".rr-. 

r +"i as wrn*"*as dfi."rt F-i
el al.r6 200tJ have ilreast cancer treatmenl P = 09), hol iash score r29% steeoing '{(h cionidine vs

and use tamoxfen, and 4 wk vs 1 6qi. P = .07), and dlraton olacebo i..11 n'o ,/s 21 9,o.
meao age 53 55 y

{range 35-/7 y)i
Llnited States

follow uo l22o/. edt,ctlonvs 17a.1. P = 02)
rncrease, P - .02) lvtth ccndlne
,/s placeöo no betweef grouD
dit'€rences (l severtt\/

lNo frequency dala
#Calculared P valuet 1ot reported n sludy

Composite score equals irequency x sevenly. Precrossover data were not reported ror Sl-eng1h of tnar was ess than ,:1 wee(s.
references 37. 39 and dd Four tnals of cionrojne were rncluded in meta anaivsrs € i I r i J6 i Inacjecuate anaivsls or unable to detetmrne

lLess than B0oZ toilow-up cr not reponed.
1si2e of trrai grorrps rs iess lhan 50 oafticipants

2052 )AMA, \lav I . '00b \ir l .195. No. l7 (Reprinted) @2006 American Medical Assoliation. All r ights resened.
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predominantlv daidzein, genistein, and
their glucoconjugates.

Red clover isof lavones were com-
pared with placebo in 6 tr ials; I  tr ial
rated good quali ty,. l  rr ials rated fair
qual i tv, and 2 tr ials rated poor qual i ty
(Tesrt 4).;:.;tt o,t b trials used promen-

si l .  which contained a higher propor-
t ion oI biociranin and genistein, and I
tr ial  used r imostr l , tT which contained
a higher proport ion of formononetrn
and daidzein. Only I lair quality trial5s
ind ica ted  imoroved ho t  f lash  f re -
quencv with prornensil compared with
placebo (44olo reduction vs 0o/o, p=.02);

no tr ials reoorlet l  di f ferences in sever-

iry scores on the Greene Climacteric
Scaler+ i(j jri or in a svmptom dian'. il Re-
duc t ron  in  ho t  f lashes  was s ign i f i -
cantly laster with promensil  than with
placebo in I  tr ial . jT

Soy isoflavones were compared with
placebo in I I trials (Tanrn 5). 

jo 6e Three
trials, 2 rated lair and I rated poor, re-
ported reduced hot flash frequency with
soy isoflavones compared with placebo
using genistein (5'1 mg/d),ie genistein and
daidzein (70 mg/d),6r and genistein and
daidzein (50 mgld).b? Three other fair-
qualiry trials found no dilferences in hot
flash frequencv compared with placebo
using similar preparations.0t'n6r'8 Sever-

i ty scores r:ompared with placebo im-
proved in 3 tr ials using genistein, di-
a d z e i n .  : n d  g l y c i t e i n  (  1 3  m g i d ) ' r  o r
genistein and daidzein (50 mg/d).t"" '
F ive  o ther  t r ia ls ,6061 5r '6öoq 4  t r ia is  o I
women with breast cancer,or # s d found
no differences in severity scorc; with iof'
isoflavones öompared wrth placebo

Adverse ef iects did not dif fer be-
tween isoflavone and placebo groups,
although they were not well  character-
ized in several tr ials. Gastrointestinal
symptoms were  genera l l y  the  most
common adverse effect with both iso-
f lavone and placebo. Six tr ials evalu-
ated endometrial thickness and found

Table 3. Placebo-Controlled Trials of Methyldopa, Cabapentin, and Bellergal Retardi

No. of
Source Part'cipants Sample

Length of
Therapy Trial Main Outcomes/Besults

ftial
Main Adverse Effects Ouality

Andersen
et al,"
r 986

40 Menooause with hol Methyldopa, 375 mg/d; Up to I wk,
iashes: mean age: increased by 1 each
5l y tange. .i6 60 yJ: lablet everv 2 wk phase ot
Norway as needed to crossover

maxJmum dose
ot 1 125 mg/d

Feduced rrequency from baselrne l4 \ Ilhdrawais; 6 from PoorttrS
-arh"d^ar adverse eilecls, jn lar

no behrueen-group differenc€s ln ilolh groups
women takrng melhyldopa
were less bolhered by hot
flashes (visual aralog scale) ,/s

efists in 6 o{ 10 women
using methyldopa,
r ^ .  , i , . ^  d i 7 7 ' ^ 6 c <

nausea, and falrgue

',:ortorira"i"rpe,rr. r,l"tiviooprjsorg 4-kr""h 
-Effiffi#,r*, - - 

r wtthdt*rlj,l""*;-- P"tlSHammond

eI al,'^
198,1

mean age, 46 y

{range, 36 54 y);
UnneC S'tates

lwice daily phase ol methyidopa and placebo frorn
incräsed aller 1 wk crossover baseirne; no between-group
to 3 trmes daily difierences

Nesheim and
Saetre,'n
1981

Women refef red for l\,4ethyldopa, 250 mg
menopausal hot twice dailyi
Rashes; age nol increased it neded
reponed: NöNav to maxrmum oi 500

mg twce dariy

30 d, each Before crossover: reduced
phase of frequency with methyidopa
crossover from basehne (P<.05); no

bet'{een-group ciff erences
Summary statist cs rmproved

us!al analog score with
melhyldopa vs placebo

lP = 002)

12 Withdrawaisi I 5 lakrng Poörtis
methyidopa reponed
ac,verse efiects.
IncluCrng tiredness, ory
mouln. ano edema

Guttuso
et al,r
2003

.7 Hot l3shes oe d Gaoap"rl n. 300 Tg
mean age. 53 y; 31imes daily
Unded States

Reduced frequency (454/o ts29a/a
P - 02) tro composite score
(549.'6 vs 31%. P - .01) fcr
gafrapenirn vs placebo

5 Withdrawa s; 4 w|lrrdrew FatI
irom the gabapentrn
group from dizrness.
rash. head paiprtatrons,
ano penonerar eoetr a

1 2  w k

Pandya
et al. '
2005

>2 Hot l lashes ' ler C; al Gabap€ntjn. 100 mg
have breast cancer; 3 limes dari,
/ lolo Lrse tamoxifen: Gabaoenttn.300 mg
mean age, 55 y; 3 times daly
Unrted S-tates

/l Nalural menopause wlh Bellergal Retard.
hot flasnes; age oot I tablet l.dlce
reportedt the darly (0 6-mg
Nelnerlafos ergclarnine,40'mg

pnenobarbitai,
C.2 mg levorotatory
alkalods)

Feduced iiequency (44olo vs 1 5%
P-- 001) and severity' 146% vs
1504, P.:.001) ior qaoaoentin
i900 nrg/d) vs placebo; no
ditferences berreen
gaoapentin (300 mg/d)
anc oiacebo

/3 t lrthdrawals; 22 lor Good
advers€ ellects.
rfcluding Increased
sonrnolence or lal gue In
gabapentrn groups;
mofe wthdrawals In
piacebo group forrack
iri eitect

8 w k

S"rgr"ta
et al.
r 987

8 w k Reduced number oi hot ilashes
and sweat ng eprsodes ior
tloth groups from oaseliner no
betv/een. gr cup difTerences
pa1 ent and nvest gator opnrcrl
favored Ber ergal Fetard (51 o.i'

vs 2l % olacetlor

28 Wthclrawals; l9 takrng Poorits
Belierga Retärd haC
adverse eflects a.d I
w(hdrew, lB iakif g
placebo had advefse
effects and 6 wrlhdrewi
most common
symolcms wefe dry
mouth.3rzrness,
and sleeprness

*Composite $ore equals liequency x severfy Two trials oi gaoapentlr were nciuded In mela-analysts r j

tLess than,80o/' follow-!o or not reoorteo.
lsize oi lral groups rs less ihan 50 padicipanls
Slnadequate ilalys s or unable tc determrne.
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NONHORNIONAL THEfu{PIES FOR MENOPAUSAL HOT FL{SHES

no differences between isoflavone and
placebo groups during the course o[ the
tf ials_ t+,re.6-1.6i.67.68

/llleta-analysis

Tr ia ls  o l  SSRIs  or  5NRIs ,  c lon id ine ,
gabäpentin, red clover isoflavones, and
sov isoflavones provided data {or the
meta-anal,vsis. Trials were excluded
from the meta-analysis because they
lacked adecluate frequency data, did
not  p rov ide  precrossover  s ta t i s t i cs .  u r
because there were inadequate num-
bers of fair- or good-quali ty tr ials ro
combine.

Seven comparisons lrom 6 tr ials o[
SSRIs or SNRIs were included in the
meta-anaivsis.22-r3 -re ]2 These included
paroxetine ( 10 mg/d, 12.5 mg/d lcon-
trollecl releasel, 20 mg/d, 25 mld [con-
t r o l l e d  r e l e a s e l ) ,  v e n l a f a x i n e  e x -
tended release (37:5 rng/d, 75 m{d 12

tr ialsl),  f luoxetine (20 mg/d), and cita-
lopram (20 mg/d) Data for 150-mg/d
dose of venlafaxine extended release
were not included because this dose was
substantially higher than the other dos-
ages. The combined weighted mean dif-
fe rence in  the  number  o [  da i l y  ho t
flashes for trials of SSRIs or SNRIs com-
pared with placebo was - 1.13 (95"/o

c o n f i d e n c e  i n t e r v a l  I C l  ]  ,  -  1 . 7 0  t o
-0.57) (Ftcunr 2). Sensit ivi ty analy-
sis indicated that the 4 tr ials enroi l ing
women with breast cancer and SERlvl
use reported significantly decreased hot
flashes (mean difference, - l.'10, 95% CI,
-1.97 to -0.82),re-r2although the2 tr ials
of women without breast cancer and
SERlv l  nse  d id  no t  ( -0 .17 ;  95"k  CI ,
*1 . ,1 i  to  I .07) . r2 '2 r

Four trials oI clonidine provided data
for the meta-analysis}r '+r ' i )+6' 3 tnals
used 0.l-mg/d dose4r'+) '46 and I tr ial

used a range of doses (0.05-0.15 mg/
d).r8 The combined weighted mean di[-
l e r e n c e  i n  t h c  n u m b c r  o f  d a i l y  h o t
flashes for clonidine cornpared wrth pla-
cebo in  4  t r ia is  was -0 .95  (957.  CI ,
-1.44 to -0..17) after , l  weeks use and
in 2 tr ials v;as:1.63 (95olo CI, -2.76 rt ' t'  
-0.50) after 8 weeks use (Ftcuru 3) ln
rhe 4-week trials. eliminating the poor-
quali ty tr ial t '  f iom the analysis did not
influence results (weighted mean dif-
ference, -0.95 95o/o CI, -1.45 to -0. '16).

The 2  t r ia ls  enro l l ing  women wi th
breast cancer and SERM use reported
s ign i f i can t ly  decreased ho t  f lashes
(weighted mean difference, - 1.00; 95olo
Cl ,  -1 .5  1  to  -0 . .19) ,45  06  a l though the  2
tr ials oI women wrthout breast cancer
and SERM use did not (-0.53, 95ol '  CI,
-2 .09  ro  1 .04) , " , t '

T w o  t r i a l s  o f  g a b a p e n t i n  ( 9 0 0

mg/d),t0 
j '  including a tr ial  of women

Table 4- Placebo-Controlled Trials of Red Clover lsoflavone Extracts*

Source Participants Sample Therapy
Length
of Trial Main Outcomes/Results

Trial
Main Adverse Effects Quality

No. of

Atkrnson
e1 al.ar 2004

245 99 With hot iashes: Promssil, 40 mEy'd
metr age. 55 y
(mnge, 49-65 y);
breast screening unrl,
Camb'idge, England

Reduced frequency (1 iess oer d) 28 Wiihdrawas for various
and menopausal symptom reasons, rnost lor
diary score (<1 point) jn nonmedical issues
symptomalic women rn Doln
groups; no Denveen-group
differences

1 2  n o Fairt

Baber et al,:a

J 999

I 2 wk, each
pfiase ot
crossover

5 l =3 Hol llashes per d: Promens l, .10 mg./d
mean age, 45 65 y;
menopause clinic in
Sydney, Australia

Reduced frequency (174,/o 20Vo)
and overall Greene Climacteric
q. r l6  < .^ /a  /?  Ä-2  n  ^^ in rc \

in com groups: no

8 Withdrawals for Farrj
vanous reasons not
reiated to stuoy: no
between grouD differences
in endometrial thrcknessbetween-orouD differences

Jer.- 2002 =5 Ho1 iashes per d; Promensil, 40 mg/d I6 wk
mean age,51 52 y;
Psu

Reduced nequency (48 5%,
P<.001) and severily ndex
i47% P<-.001) wilh promensil:
h a h , a o , r - ^ r ^ , ' ^  d i t r o . o . . o c

r0r reponeo

Not repoited Pcortt

Knight et ai,-
I 999

>3 Hot riasnes per d: Promensil, 40 mEd 12 wk
mean age, 54 5 y Promensii 160 mg/d
(range, 40-65 y);
universty gynmoiögy
c inic rn Sydney,

t_:Iela
-35 Hct i lashes oer wk; Promensil. 82 mgd 12 wk

mean age 52 y Rimosli l. 57 mgd
(range. 45 60 v); 3
US communlies

Reduced ftequency (29016 35ak)
and overall Grene Ciimaclerc
Scale score (26%-46%) in all
groups; no between group
diiferences

2 Wtro aw"ls aove,se Poo't
effects not repofted

vm de Wajer

and

Barentss,tr

2002

30 >5 Hol flashes per d; Promensll, 80 mg/d I 2 wk
mffin age, 53.54 y
(range, 49 65 y);
the Nelnerlands

Ueduced lrequency (34oto 4io/o)
and vasomotor comoonent oi
the Greene Climacteric Süle
score in all groups; no
hah^,oon .'^, rn ditroron.o<

reciuciton in hct llashes was
faster lor promensi vs placeilo
iP = .03)

Reduced Irequency wiih
prcmensrl vs placebo (44% r/s
0%, P -.02): no Cifference in
overal Greene Cllmactenc
Scaie score

6Withdrawas, l wrih
nauseai no signrllcanl
assciat0ns ol adverse
effmts wrth trealment

3 Wlthdrawals irom Fairt
promens l, 3 from placebo
lor nonresponse: aoverse
etfecls not reported

-'ai o t*r. of : \,p* of ,"0 do*"rol-on; ;;t*" rd*"d r-;etaft ys *'

tsüe of kral groups is less than 50 partoipants.
tLess than 30% ioi ow-uo or not reported and lnadequate analvsrs cr unabie to deterrnine.
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Table 5. Placebo-Controlled Trials of Soy lsoflavone Extracts-i'

No. of
Source Participants Sample Therapy

Length
o{ Trial Main Outcomes/Results Main Adverse-Effects

Trial

9s3llv_
Crisafulli

et al. 'e
2044

90 Natural menopause with Genistern, 54 mgld
s\mptoms; mean age. Estfadiol, 1 mg,/d combned
51 52 y lfange. 47 57 with noresthisterone
y); partrcrpants of prior
bone loss lial in ltalv

Beduceo äequency ior 7 Withdrawals from genrstern

Eensief vs placello (24olo groupi No between-group
Inean difference, P< 01); Crtferences n endometrial
reduction,Mlhestroeen thlckness
morg lhan genrsBn (30%
mean 0r[e,ence. ts<.u5)

1 y Farrl'

Drftu
et al,e

2003

36 Menopause. no speciäc Soy capsuie, 60 mg/d
symptom criteria; rnean of rsollavones
age. 57-59 y kange,
50-65 y); England

l 2  w k No between-group differences
In the vasomotor
comoonent oithe Greene
Clmacteric Scaie score

ll Withdrawals due 10 Pöorll$
concurrenl meorcal on use

Faure

et al ,D'

2042

-7 Hot llashes per di Soy capsule, 70 mg/d of
mem aEe. 53 54 yt genistern and dardzen
clincs in Fraoce

1 6  w k Reduced liequency wiih soy 6 Withdrawais irom soy FatrT
vsp lacebo(6194vs21%,  group,  l4 f rompiacebo 2
P = .01) wthdrawals from piacebo

group lol aoverse evenls

Han et al.5:

2402
Natural menopause wth Soy capsuie 3 times daily 5 mo

hol llashes: mean age, {each wth 50 mg of soy
48-49 y irange, 45'55 protein. 23 mg ofgenistern,
y); gynecology clincs 6 mg ofdradzern, and 4 mg
rn B{azii of glycrtein)

improved Kuppermaf Index 2 Wthdrawals, 1 ior nausea Fatrit
score ror vasomotor 1 for nonresponse; no
symptoms with soy vs between-group ditferences
plarebo (P<.Oi ) rn endometr al thickness

[racGregor
et al,6l
2005

Menopaus wth Soy capsule 2 twlce daily
symploms: all have (each wilh I / 5 mg of
b,reast ctrcer; 78olo lsoflavones)
use lamoxfien; mean

1 2  w k No between'group differences 22 Withdrawals. most for Fari]
n severity of hot ilashes nonresponset adverse

effects simrar
behryeen groups

__ _iggillovrgg9fg
Nikander

et al.5r
2C03

Mtropause with hot Soy tablet. I 14 rng 3 t\dice
flashesi all have breast daily (360/, diadzetn,6oita
canceri 5o,'o use genrstein,5S% glyctein)
lamoxrfeo >5 mo pflor;
mean age, 54 y (range,
35 69 y); Finland

3 mo, each mcroveo overall Kuppeman
pi"ase of hcex - oo'h groups
crossover and lßtproved hct tlash

intensity with piacebo no
behreen group
drtlerences 1l

6 Wlhdrawals; 2 with Falrtls
abdominal pain and 1 wth
rmu(ent breast cancer n
soy group, 1 wilh vagrnal
h l 6 d i n ^  i ^  ^ b . ö h ^  ^ r ^  , ^

Penoitl
et al,6s
2003

62 >7 Hot tlashes per d: Soy tablet. 72 mgid (36 mg/d 6 mo
mean age,53 y {range, ol isoflavone and 48 mg/d
45-60 y); menopaus of soy saponrne)
ciinic in llaly

40% reduction n irequency 13 Withdrawals; 1 taklng soy Fatr1q
n boll. g oup). 1t deleloped didilhea. or ers
betlveen-group wthdrew because of
ditierences lack of responsei no

betlveen group diff erences
n endometflal thrcknss

Quella
et ai.6:'
2000

> 14 Hot ilashes per wki Soy tablet, 600 mg 3 tjmes
al{ have brsst canceri daily (each wiln 404/" 45o/o
TBEousetamoxrfen; genistein,40o/o'457o
aged >18y; diadzein. and 1096 20olo
Unded States glycitein)

4 wk, each No differences in irequency or
phase of severiiy score between
crossover groups fl; 36% ol piacebo

vs 24% of soy tablet
repoded reductlon n
frequency by half (P = .01 )

33 Withdrawals; no Far$
befryeen group dilferences
n adverse effects

Srambia
et al,i;
2000

Menopause, no spsrfic Soy tablet, 400 mg/d
Symplom crjleria; mean {50 mg/d of genistern
age, 53 54 y (range, and daidzein)
29-63 y); ltay

6 w K Ileduced frequency (40% vs
254/0, P<.Ag and
\/asomolor componenl ol
the Greene Climacteric
Scale score wth soy tablel
vs praceDo

No wilhdrawals; no adverse Poorts
effects reported; no
h6h^ /a6n- . r^ '  ^  . i i t rö '6 . .o<

in endometrial thrckness

Upmaiis
el a1,63
2000

=5 Hol llashgs per C: Soy tablet, 50 mg/d of
mean age, 54 55 y; genistern and daidzein
15 US sites

Feduced frequency of hot
llashes and nrghl sweats
tn ooln 9roups; no
h6h^,o6. ^r^L ^ diffaran.aa

reduced hot iash severity
wth soy vs placebo
(P =  01)

55 Withdrawals; 30 laking soy Fairi
tablel and 39 p acebo
reponed adverse efiects:
resptratory, gastrorntesl nal,
md genital/reproductNe
syrrptoms were
mosl common no
between'group ditierences
n eadomelral ihicKness

1 2  w k

Secreto
et a ,'{
2004

Menopause, no spec fic Soy soflavones, 80 mg/d
symptonr critena: (50% Caidzeln, 35o./o
women wrlh breasl glycrteif , 1596 genrste r)
cancer rncluded wilh 3 mg,;d oi melalon I
f<25%j, none use Scy isollavones. 80 mg/d
iamoxifen; aged Melaton n 3 mg/d
>35 y; 3 cenlers
in ltaly

lmprcvecl vasomotor
componenl oi the Greene
Climac:eric Scale score rn
all groups 69% pacebo;
61% melatonin alone: 75%
rsoilavone aione;62%
isoflavones and metatonrnl
no betweef group
difrerences

20 Disconi;nued therapy. l2 Poor+
oue 10 aoverse evenls:
higher overail drop oul
rates ln meialonrn ano
o acebo groups vs soy
grouos: gastro ntesrnal
symptcms were rnost
irequentlv rgported

3 m o

'r'S x lria s ol my isotlavone extracis were ncluded n meta anal,vsrs.:!.,is ü

isie ol tral groups s iess than 50 part cipants.
lNo lrequency data.

Slnadequale analysls or unable io determine
tlLess ihan 80% lollow up or nol feponeo.
flP ecrossove' fata ryere ^ol,e0o-6o
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NONHORN,' IONAL THER{PIES FOR MENOPAUSAL HOT FLASHES

with breast cancer using tamoxi[en, ' ]
pronded a combined weighted mean
difference in the number of dai ly hot
f lashes  o f  -2 .05  (95o lo  CI .  - ,2 .80  ro
-1.30) compared with placebo.

Six tr ials o[ 2 types ofred clover iso-
l lavones provided data for the rneta-
analvsis, including promensil tr  i8 (40

mg/d, 80-82 mg/d, 16C mg/d) and r i-
m o s t i i  ( 5 7  6 , g / d ) . ) 7  T h e  c o m b i n e d

weighted mean dif ference in the num-
ber of dail-v hot flashes for rt:d clover
iso f lavones compared '  w i th  p lacebo
w a s  - 0 . 4 4  ( 9 5 o ß  C l ,  - 1 . 4 7  t o  0  5 8 )
(Ftcunr 4) Quali ty of tr ials and type

Figure 2.  Tr ia ls of  Select ive Serotonin Reuptake lnhib i tors (SSRIs) or  Serotonin Norepinephrrne'Reuptake Inhib i tbrs (SNRls)

Source

Paroxetine Trials

Slearns et a1,29 2oo3

Stearns ei a ,30 2005

Combrned

Venlafuine Trjals

Evans et a1.22 2oo5

Loprinzr 9t a1.31 20OO

Combined

Fluoxet ine Tr ials

Loprinzi  et  a1,32 2002

Suvanro-Luukkonen et al ,13 2005

Combtned

Citalopram Tnals

Swanto-LuuKkonen et a.23 2COs

Tnals With SERM Use Cambrned$

Trials Withoui SERN4 Use Combinedil

Al lTr ials Combined

No. of Duration
Dose Participants oll(ial Qualtty

N/ean Ditference
(95920 Cl)

Good I 52 I 2.36 to 0.69)
Fan .2.43 (-4.43 lo 0.42)

- 1 . 6 6 ( - 2 4 3 t D  0 . 8 9 )

Fau L10 {  I  94  to  4 .14)

Good I 09 ( I 99 to 0.18)
{ . 4 9 ( 2 . 1 0 t o 1 . 4 1 )

Fair 0.90 (-3.78 to ] gB)

Fat( 1.60 C 3 63 to 0.43)
1 .37  i -3 .03  to  0 .29)

Fair -0.20 (- l .4s io ] 05)

1 .40  (  1 .97  lo  -  0 .82)

0 1 7 (- l .11 to 1.071

. 1 . 1 3 (  I  7 0 t o  0 5 / )

Favors I Fitvors

S S F | o T S N B I  I  P a c e b o

--.}-12 r a( 25 ng/da 1 65

1 C  o r  2 0  m q / d  1 5 1

75 mg/d*

: j7.z at /5 t1ig/di  I

20 mg/d

20 drq/dl

20 mg/dl

80
167

6 w x

l 2  w k

3 m c

3 m o

B 1

1 0 0

--l
---t_.---
---..--l

-, . f-----o.-].

-

I+ l
f. + i

I
- -t--

6  - 4  2  A  ?  4  6

Mean Difference n No. of Hot F ashes
per Dav (9596 Cl)

Cl indicates confidence interual; SERM, s€lective estrog€n receptor modulator. Six trials of 4 SSRIs or SNRIs provided data for meta.analysis.rr ri 2e'r2
*Controlled release forms of päroxetine and extended release forms of venlafaxine.
tData for 150-mg/d dose were not included because this dose was substantially higher than ihe other dosages.
tData for 2Q'mgld dose at 3 monlhs o{ follow-up were included to improve consistency with the other tnals.
Slncludes reterences 29'32.
i l lncludes reierences 22 and 23.

Figure 3. Trials of Clonidine

No. ot
Participants Quality

Mean Difference
(95% Cr)

-0 .36  (  2 .18  to  L4 l )
'.0.79 1-1 55 1o 0.04)
- 1 .00 i '-4.03 to 2.03)

1  .17  I -1 .87  la  -A  47)

1  00  ( '1 .51  to  -0 .49)

0 53 (- 2 09 ro i.04)

0 .95(  l .45 to-0 .46)

O 95 ( Li14 to -0 47)

L ] .1 { -4 .28  lo  1  99)
1 .70 i  2 .91  to  0 .49)

r.63 ( 2 76 tö 0.50)

Source

4-wk Trials

Clayden et aJ l8 1 974

Goidoerg et al . ls 1 99.1

Nagamanr et aJ 41 1gB7

Pandya et at ,46 2000

Triais Wilh SERI\,,1 Use Combined*

Trials Wthout SERNI Use Combrnedl

Fair-Quaiity Trials Combrned

All 4 wk Tnals Combined

8-wk Trials

Nagamanr el a .4r 1 987

Panoya et a1,46 2000

Al l  8-wk Trlals Combrned

100

30
198

Fair

F a r

Poor

Fair

Poor

Fa[

30
198

4  . 2  0  2  +  6

Mean Driference n No of Ho1 Fasires
Per Dav 1959'o Cl)

Cl Indicätes confidence intcrval; SERlvl, selective estrogen receptor modulator
and 1 trial used a range of doses (0.05'0 l5 rng,/d).r3
'lncludes references 45 and 46.
i lncludes r€ferences 38 and 41.

Four triais of cionidine provided data for meta-analysis: 3 trials used 0.1 -rng/d dose" '5'"
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o[ red clover iso{lavone did not inf lu-
ence results. No tr ials were conducted
rn  womcn rv i th  b reas l  c f ,nce  r  usrng
SERMS.

Six tr ials of soy iscf lavories (50-70

mg/d and 150 mg/d) prouded data for
the rneta-analysis. rq n"l {L?.q{i,Th; ccm-
bined weighted mean difference in the
number of dai ly hot f lashes lor soy
iso f lavones compared w i th  p lacebo
w a s  - 1 . 1 5  ( 9 5 o l o  C l ,  - 2  3 J  t o  0 . 0 3 )
a l t e r  4 -  t o  o - w c e k s  u s e  i n  )  t r i e l s ,
-0 .97  (95D/o  C l .  -1 .82  ro  -0 .12)  a f re r
l2 -  to  l6 -weeks  use  in  4  t r ia ls ,  and
-1.22 (95ob Cl, -2.02 to -0.-12) alter 6
months in 2 tr ials (Ftcunt 5) In the
4-  to  6 -week t r ia ls ,  resu l ts  sh i f ted
s l i g h t l y  w h e n  r e m o v i n g  a  r r i a l  o I
women with breast cancer and SERM
u s e n n  ( u , e i g h t e d  m e a n  d i [ [ e r e n c e .
- 1 . 4 8 ;  9 5 ? ö  C l ,  - 2 . + 9  t o  - 0  4 8 )  b u t
not when removing the single poor-
quali tv tnal.6t

Sensitivity analysis evaluating the ef-
fects of dose and degree of correlat ion
between basel ine and outcome mea-
sures did not significantly influence re-
sults [or any of the therapies. Interpre-

tation o[ the sensitivity analysis for an,v
o[ the variables considered is limited be-
cause of the small  number of tr ials avai l-
ab le .

COM/|,1ENT

T h i s  s y s t e m a t i c  r e v i e w  a n d  m e t a -
analysis of double-bl ind, randomized,
p lacebo-cont ro l led  t r ia ls  o I  nonhor -
m o n a l  t h e r a p i e s  p r o v i d e s  s u p p ' ) r t i v e
evidence lor the ef l icacy oI 55RIs or
S\R ls ,  c lon id ine ,  rnd  gehapent rn  rn  re -
ducing the frequency and severitv o[
menopausal hot flashes based on a small
number of fair-good tr ials (SSRIs or
SNRIs  and gabapent in )  o r  poor - fa i r
tr ials (clonidine) (Teslr 6). The tr ials
do not support the ef l icacy of red clo-
ver  i so f lavone ex t rac ts  and present
mixed results lor soy isoflavone ex-
tracts. Evidence for other therapies is
limited dr"re to the small number of trials
ancl their deficiencies. Few tnals con-r-
pare dif ferent therapies head-to head
and relatrve efficacy cannot be deter-
mined.

Although only 3 trials of the 7 com-
parisons o[ SSRIs or SNRIs with pla-

cebo indicated stat ist ical ly signi[ icant
reductions in hot flash frequency, the
cornbined estimate indjcated a reduc-
tron of approximately i  hot f lash per
t l a y .  A  m e t a - l n a l v s r s  , r I  s i m i l l r l y
designed RCTs oI estrogen incl icated
reductions ,of approximateiy 2.5 to' i '  ' '

hot f lashes per day.6 However, direct
compar isons  wr th  es t rogen are  no t
ava i lab le  and the  s tudy  popu la t ions
mav not be similar. The SSRI or SNRI
estimate is influenced by 2 large trials
o f  parox i t inere  ]0  and a  la rge  t r iaL  o f
venlafaxiner I  that showed signif lcant
r e d u c t i o n s  i n  h o r  f l a s h  f r e q u e n c v
Whcther  th is  e f fec t  can  be  cxpec ted
f rom the  o ther  SSRIs  is  no t  known.
' fna ls  

eva lua t ing  mul t ip le  doses  o f
paroxetinezqJo lonnd no dilierences in
the  e f fec ts  o f  dose on  ho(  f lashes ,
although higher doses o[ venlafaxine
were more effect ive than lower doses
i n  I  t r i a l . r r  A d v e r s e  e f f  e c t s  w e r e
greater  w i th  h igher  doses  sLrpp t - r r t ing
the use of the lowest effective dose for
individual patients. The mechanism oI
irct ion of 55RIs or 5NRIs in rel ieving
hot  f lashes  is  nor  known.  bu t  i t  has

Figure 4. Tnals of Red Clover lsoflavone Extracts

No. of Durat ion
Participants of lrial Quality

Mean Ditterence
(95% Cl)

0.20 ( 0.63 to 1.03)
1 . 1 0 ( - 1 . 1 0 1 o 3 . 3 0 1
2 B0 ( -4 .31  1o  1 .29)

0 6 0 1 - 3 9 0 l o 5 J 0 )
0.40 { 2.33 to 1 53)

0.60 ( -2 25 to 1 .05)
2 .37  |  /  20 to2 .46)
0.79 { 2.35 to 0.78)

-0.30 ( 5 54 to 4.34)

0 . 1 0 ( - 0 6 0 t o 0 7 9 )

0 59 F ] B4 ra 0.67)

0 . 2 0 (  l 2 6 t o 1 6 6 )

0 .1  1  ( -  1 .51  1o  0 .  14)

-O 44 ( 1 41 10 C.58)

Promensll Trials

Promensi l  40 mg/d

Atkinson et at .$ 2004

8ab€r et a,5a I  gJg

. ler.$ 2002

Knrght et 3t ,46 1 999

Combined

Promensl 80-82 mg/d

f ce et a ,s7 2OO3

van oe We)er and Barentsen et a1,58 2002

Combined

Promensi l  I60 mg/C

Knight et at .$ I  999

Fai.Good Qual i ty Promensi i  Tr lals Combrned

Al l  Promensi l  Tnals Combtned

Rimost i l  Tnal

Rrmoslr l  5/  mg/d

Tice et ai .sr 2oo3

All Fa{ Good Quality Trials Combined

All Trials Combined

Fat

Fatr

Poor

?ool

Gocd

Far

99
5 l
30
24

1 6 9

30

1 2  m o

T 2  w k

l 6 v / k

l 2 , r k

1 2  w k

l 2 w k

I €i8

I
I
I
I+

; l_ -r ;--;--r--l
lvlean Difierence in No. ol Hot Fiashes

oer Day 195% Cl)

Cl indicates confidence interval 5ix trials of 2 types of red clover rsoflavones prcvroed data for meta-an,:1ysrs " 58
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been hypothesized that temperature
increases associated with hot f lashes
could be l inked to an overloading of
serotonin-receptor srtes in the hypo-
thalanrus.re In these trials. hot flashes

improved ear l ie r  than expec ted  lo r
psychiatric symptoms and were effec-
t ive regardless of coexist ing depres-
sion and anxiety, support ing a sepa-
rate mechanism.lo

T e n  t r r a l s  o I  c l o n i d i n e  r e p o r t e . . l
incons is [en t  resu l ts .  w i th  approx i -
rna te lv  ha l f  o I  r r ia ls  demonstmr ing  s ig -
ni{ icantly reduced hot f l ' -rsh lrequency
or severity. Aithough most tr ials met

Figrrre :. i rrai: of 5cy isoflavone Extracts

Source

4- to 6-wk lrials

lsollavones 50-70 mg/d

Faure et a1,6r 2002

Penott  et  a,55 2003

Scambia et al.5? 2000

Upmalis et al,68 20C0

Combined

lsoflavones 1 50 mg/d

Quel a et al 66 2000*

Fair-Good Quality Tnals Combin€d

Al l  4- to 6-wk Trials Combined

12- to 1 6-wk Trials

lsotlavones 50-70 mq/d

CrsafuJli et al,se 2004

Faure et al ,5r 2002

Penotti et aJ,65 2003

Upmalis et al,4 2000

Al l  12 to 16 wk Trials Combined

6-mo Trials

Isotlavones 50-70 mg/d

Crisaiulli et al.5r 2004

Penotti -"t al..s 2003

Al l  6-mo Trials Combined

Mean Diflerence
(95% C|)

2 o A l  t 2 2 t a A 2 2 )
- 0 . 5 0  1 3 . 1 8 t o 2 . 1 8 )
3 63 (-.6 39 io -0.87)

1 . l 0 ( - 2 . 0 7 t o  0 . 1 2 )
1 .48( -2 .49 to  0 .48)

0 .71  (  1 .30  to  2 .72)

0 . 8 3 f - 1 . / B t o 0 1 1 )

1 J5 ( 2 33 to 0.03)

-1  01  f  1  141o ! .28)
4 . 2 0 {  7 . 2 6 t o  1 . 1 4 )

0.20 { 2.60 to 3 00)
0.63 (-1 33 to 0.07)

0  97  (  I  82  to '0 .12)

1 33 (-2 07 to {1.60)
, 1  ) n  r - ,  A A  f ^  r  n A '

1 .22 \-2 A2 b |.1?\

Favofs I Favors
Soy Exlract Placebo

I-- r-----l---c+ ---
+ - { - - - i

- + - I
+l

I

No. oi
Panicioants

/ 5

b2

39

1 7 1

1 i i

Oual i t !

FaI

FaI

Poor

Far

Far

Far

Far

Fat

F a I

Fa(

90
t5

62
17 i

90
62

lvl0an Difference in No. ol Hot Flashes
per Day (9570 Cl)

--a--

CI indicates confidence interual.
*Participants have breast cancer

Six trials of soy isoflavone extracB provided data for meta-analysis te 61 65 s

, with 78"/" taking tamoxifen

Table 6. Summary of Trials
Effects on Hot Flashes vs Placebo

Therapy

No. of
Trials in
Review

Trial
Quality _ _l4tqq:e19!yll___ vs Placebo (95% Cl)'' ,.,__ (% Difierence)T

Mean Difference
No. of Comparisons in No. of Daily Hot Flashes

Severity or
Composite Score

lmproved in 2 of 2 trials (40)
SSRIs or SNRIs A L-rrr-,rnnrl -1.13 (  1 /0 to 0.57) lmproved ln 4 of  6 t r ia ls (10-36)

Veralipnde 3
I

Poor 0 l
Moclobemide Poor
Clonidine 1 0 Poor fair &1,1*k ____0.951:1411Q_Q.a7) lmproved in 4 of / trials (13-26)

2 a t B u / k -1 63 {-2 /6 to 0.05)

Vg0vqqp-q Poor fair No difference lmproved in 1 of 2 trials

Gabapentin

Red clover isotlavone extracts
Bellergal Retard 1 Poor

Fair good _ 
-2.05 ( 2 80 to 1.30) lmproved in 2 of 2 tnals (23-30)

No difference No ditference
Poor good 3 0 44 ( 1 .4i to 0.58) No dfference

SoV rsoflavone extracts

Abbreviätions:Cl.confrdenceinterua,SNlll.serotontnnoreprnephrinereuptakenhblor SSRl,selectryeserotoninfeuptakernlrbrlol
"Based on meta-analyss of eligib e trrals.
lcomoosrte score equals irequency x severtv
IBetwmn oroup differences not reDoded

1r PSq f!t! _ -jlq! 4lr4! ___, |1!_1-?!! 10 0 03) lmppr/ed ln 3 o_f t__!qE_
.1 al  12 16 wk -0.97 (- l  32 to 0.12)

_ i r t , 6
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cri teria for poor qual i ty. rhe 3 fair-
qual i ty tr ials provided a combined es-
t imate o[approxirnately t  hot f lash per
day  reduc t ion  w i th  c lon id ine .  

j s  * )  +6

Clonidine may relieve hot flashes by re-
duc ing  per ip l re ra l  vascu la r  reac t iv i ry .

The combined estimate from 2 trials
o[ gabapentin (900 mg/d) indicated a
reduction oi 2 hot flashes per day com-
pared with placebo,;0tr although the use
of 300-mg/d dose did not provide ben-
efir . tr  The mechanrsm olaction of gaba-
pe ntin, effective for treating seizure dis-
orders and neuroprthic pain, is unciear.
Increased ac t iv i t y  o f  neuro t ransmi t '
ters in the hvpothalamus as a consc-
quence of up-regulat ion of the gabap-
e n t i n  b i n d i n g  s i t e  f r o m  e s t r o g e n
withdrawal has been proposed.r '

Hot  f lash  l requenc l '  was  no t  re -
duced when al l  tr ials of red clover iso-
flavone extracts were combined, and re-
sults lor soy isoflavone extracts were
contradictory even among the largest
and highesr qualit,v rrials.i'.6r'* * These
resul ls are consistent with other re-
cent svstematic reviews.rl l+ We also re-
viewed trials of other forms oI soy iso-
f lavones, such as f lour, powder, and
food i tems,  in  another  s tudy . r  How-
ever, these tr ials are di l f icult  to com-
pare because oI vanabil i ty of compo-
nents and doses. Overall, elrdence does
not support benefi t  in rel ieving hot
flashes. Isoflavones derived from red
clover and soy have weak estrogenic
and antiestrogenrc acrivities and are able
to bind [o estrogen receptors, poten-
tially mediating hot llashes triggered bv
estrogen deficiencv.T0 Tr This rnecha-
n ism o [  ac t ion  cou ld  a lso  cause ad-
verse effects. Although 6 treatmenr rrials
rncluded in this review reported no en-
dometrial thlckening with short-tcrm
therapv, a tr ial  report ing adverse ef-
[ects of isof lavones indicated an in-
creased rate of endometrial hyperpla-
sia after 5 years of 150 mg/d of soir
rsoflavone suppIement use.7]

Eleven tr ials in this revierv inciudeci
women with breast cancer, many ol
whom were  us ing  tamoxr fen . ' r  Hot
flashes in women wrth breast cancer are

part icuiarly problematic because they
are  common in  th is  popu la t ion , ; r  es -
lrogen therapv is conLraindicated, and
some agents such as paroxetine nray in-
t e r f e r e  w i t h  t a m o x i f e n . 7 +  Ä i t h o u g h
breast cancer was not a(:tive cluring the
course of the trials, it is not known,.i.i.
breast cancer i tself  inf luences vasomo-
tor symptoms. Hot f lashes are an ad-
verse e[fect of tamoxifen, and i t  is not
c lear  i I  pa t ien ts  enro l le t . l  in  L rea tment
trials were experiencrng hot flashes in-
duced prirnarily by menopause or ta-
moxlfen. This dif ference mav be irrel:
evant i f  mechanisms are similar. Trials
cons ider ing  tanrox i fen  users  sepa-
ra te ly  f rom nonusers  found compa-
rah le  resu l ts . rh

Our review and meta-analysis is lim-
ited by potential publ icat ion bias and
b i a s  [ r o m  i n c l u d i n g  o n l v  E n g l i s h -
language publications- Most treatment
trials ofhot flashes, regardless o[ therapv,
share methodological challenges. Pla-
cebo elfecß are large and drop out rates
are often high in placebo groups due to
lack of effect. This must be considered
when designing rr ials and recruit ing pa-
t iens. Other l imitat ions include use of
highly selected small  samples oI wom
en; relatively short and variable lengths
of follow-up; inadequate reporting of loss
to [ol low-up, maintenance of compa-
rable groups, contamination, and meth-
ods o[ analysis; use o[ dissimilar mea-
sures and outcomes that are often not
standardized or vahdated; and unclear
inclusron and cxclusion criteria. Report-
ing ofadverse effects vanes by studv and
usually involves self-reported symp-
toms experienced during the course of
the trial. As a result, data on adverse ef
fecrs are limited and notsufficiently sys
tematic to draw conclusions. Cornpre-
hensive methods including lons-term
fo l low-up are  needed to  more  com-
pletely delermine adverse outcomes.
Larger, more r igoror"rs, , . ,rd more stan-
dardizecl tr ials. which rnclude head-to-
herd as well  as placebo compansous. f ,rc
needed t.o accurately determine rela-
t ive benefi ts and adverse ef lecr of a
wider array oI therapies

Despite increasing interest in theru-
p ies  lo r  menopausr I  ho t  { lashes  r t ra t

avoid use oI estrogen, the eff icacy and
safety o[ other options currently are not
well  supporred. The 55RIs or SNRls,
c lon id ine ,  a r rd  gabapent in  t r ia ls  p ro-
vide some evidence oI eff icacy. How-
ever, effecrs are less than for estrogen

, .  ; l , c i r f l )  j  fe ,n '  t r ia ls  have been pub-
l ished and most have methodologlcal
deficiencies. and general izabi l i t ,v be-
yond the  smal l  c l in ica l  popu la t ions
studied could be l imited. Adverse ef-
[ects and cost may prohib'it use for many
women. Although these therapies mav
be most useful lor highly symptom-
at ic  women who cannot  take  es t ro -
gen, they are not optimal chorces [or
most women.
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Science is facts; just as houses are made of stone, so
is science made of facts; but a pi le of stones is not a
house and a col lect ion of facts is not necessari l . , 'sci-
ence.

-Henri Poincare i  lB54-1912)
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N o n - p r e s c r i p t i o n  r e m e d i e s  a r e  b e c o m i n g  i n c r e a s i n g l y
popu lar  par t i cu la r ly  amongst  pos tmenopausa l  who in  th is
market are the largest consumers. Phytoestrogens are a
la rge  fami ly  o f  p lan t  der ived  molecu les  possess ing  var ious
degrees  oes t rogen l i ke  ac t iv i t y .  Food or  food supp lements
contalning phytoestrogen are often been advocated as an
a l te rna t ive  to  hormona l  rep lacement  therapy  (HRT)  in
women wi th  cont ra ind ica t ions  to  the  use  o f  convent iona l
oes t rogen rep lacement ,  o r  s imp ly  want ing  a  more  'na tura l '

a l ternat ives. There have been several  studies performed
with phytoestrogen in var ious aspects of the
pos tmenopausa l  women hea l th .  Resu l ts  have been
sometimes conf l ict ing and di f f icul t  to interpret.  The lack of
knowledge of what precisely is the act ive ingredient,  i ts
min ima l ly  e f fec t i ve  doses ,  the  lack  o f  s tandard isa t ion  o f
the  prepara t ions  used as  we l l  as  the  la rge  ind iv idua l
var iab i l i t y  o f  metabo l ism o f  p recursors  in t roduced w i th  the
d ie t  may a l l  have p layed a  ro le  in  confus ing  the  issue
about effect iveness of these compounds. Phytoestrogen
fa l l  in  the  gray  area  be tween food and drugs  hence in  sp i te
of the vast publ ic interest,  there are no interests in
company produc ing  these supp lements  in  inves t ing  in
research from which they wi l l  not exclusively benef i t  f rom.
It  is di f f icul t  for the physician to know how to advise
pat ien ts  on  th is  mat te r .  In  th is  paper  we c r i t i ca l l y  rev iew
the c l in ica l  da ta  ava i lab le  to  da te  in  an  a t temDt  to  answer
some o f  the  most  cornmonly  asked ques t ions  about  dose
and type of phytoestrogens supplementat ion most l lkely to
be effect ive in di f ferent aspects of c l imactenc wornan
h e a l t h ,
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Effects of a standardized soy extract on hot flushes: a multicenter,
d ouble -bl ind, random ized,, placebo-controlled study

Evelyne Drapier Faure. MD,t Philippe Chantre, MD,2 and Piene Mares, MD3

ABSt llAcr

Objective: 1'o investigate the effect of an orai soy isoflavone extract (Phytosoya) on hot llushes
in menopausal women.

Design: The study was conducted on outpatients according to a multicenter, randomized.
doubie-blind, placebo-controlled, parallel-group design. A total of75 patients in natural or surgical
menopause suffering Iiom at least seven hot flushes per day rvere randomized to receive during 4
months either soy isoflavone extract (total of 70 mg genistin and daidziu per day) or placebo.

Resul ts :  
' I 'here isevidencetosuggest that  

l6weeksof t reatmentwi thsoyextractcanhelpreduce
the mean number of hot ilushes per 24 hours in menopausal rn,or-nen. Withdrawals during this trial
made it drfficult to obtain an unbiased estimate ofthe true treatment eff'ect, but numerous sensitivity
analyses lend support to the suggestion that taking soy extract can be beneficial in the treatment of
hot flushes. In particular, women taking soy extract had a 389ir reduction in the mean number of hot
flushes by week 4 and a 5 l9o reduction by week 8. By the end of rveek I 6, patients taking soy extract
had a 610Ä reduction in their daily hot f lushes versus a 2l% reduction obtained with the placebo.
"Responders" (defined as patients whose hot flr"rshes were reduced by at least 5AoÄ at the end of
treatment period) were 65.8% in the soy extract group and 34.2(k inthe placebo group (p < 0.005).

Conclrtsion: Soy isollavone extract may help to reduce the fiequency of hot flushes in climac-
teric women and provides an attractive addition to the choices avaiiable for relief of hot flushes.

Ket, words: Hormone replacement therapy - FIot flush Isollavone Menopause - Soy.

orrnone replacement therapy (HRT) is rec-
ognized as the most eff'ective treatment for
relief of the shofi-term svmDtoms of rneno-
parrse. ' '2  Hou'evvr .  in  . .nain c l in jca l  set-

tings, the use of estrogen in some women is undesirable
or contraindicated. Other women may have a resolutron
of symptoms with estrogen replacement, but side ef-
fects such as vaginal bleeding, breast tenderness,
and bloating - result in discontinuation of therapy.s'a
Despite clinical benelits attributed to the use of HRT in
postmenopausal women, compliance ranges liom i 0%
to 50oÄ.5 Therefore, alternative therapies are needed for

I teceived lv lay 24,  2001; revised and accepre( l  Apr i l  l .  2002.
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women who refuse, are not compliant, or have contra-
indications for HRT,

Epidemiological data indicate that fewer than 25trh
of Japanese and l8ozi, of Chinese clirnacteric womenu't
complain of hot flushes compared with 85% of North
American womeno and 100Ä to 80% of European
women.n Furthermore. Asian women have a low inci-
dence of estrogen-dependent cancers, cardiovascular
d isease,  and osteoporosis  compared wi th Western
women."' ' '  I Maqy theories have been proposed to ex-
plain these differences, including cultural perceptions,
attitudes toward aging and menopause, diet, physicai
activity, body mass, and the use of herbs and supple-
ments containing phytoestrogens.

Several classes of phytoestrogens exist. When con-
sidering health efi'ects, the major types o1'phytoestro-
gens ofcurrent interest are the lignans and isoflavones.
The isollavones include the biochemicals genistein,
claidzein, glycitein, biochanin A, and formononetin.
Genistein and daidzein are found in rich supply in soy-
beans aml soy products as \\,ell as in red clover.' '  '*
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The structure of the isoflavone molecule resembles
those of many estrogenic compounds, including the
physiologic estrogen l7B-estradiol and the synthetic
antiestrogen tamoxii'en, prompting investigation of its
mechanisms of action according to estrogenic and an-
tiestrogenic activit ies.ts tt 16. isoflavones have a
common phenolic structure that seems to be a prereq-
uisite for binding to estrogen receptors (ERs). Isofla-
vones seem to have more binding affinity for ERB than
fbr ERu.re Therefore, given the diff'erent tissue distri-
bution ofthe ct and B receptors, there is a clearpotential
that isoflavones could exhibit tissue-selective effects"

lsoflavones may exert a weak antagonistic el-fect on
the 8R,20 thereby having an antiestrogenic effect on
uterine and breast tissue,2 I where excess estrogen may
stimulate synthesis. Alternatively, isoflavones may
combine with the ER, albeit with lower affinity than
l7B-estradiol,22 and stinrulate estrogen activity, thus
having an estrogenic ef l tc t  on bone2o and b lood
vessels."

Studies have been reported in which isoflavone-rich
foodstuffs, such as soy, produce a moderate decrease in
the incidence and severity ofhot flushes when added to
the diet of menopausal women. Some contradictory re-
sults could be due to the large chemical heterogeneity
ofsoy derivatives used. To test the hypothesis that di-
etary intake ofisoflavones rnay have a therapeutic ben-
eflt, a double-blind, placebo-controlled trial was con-
ducted in menopausal women in which the test group
received supplementation of dietary isoflavone intake
provided as a senripurified isoflavone extract in capsule
form.

lVIBTHODS

Patients

The patients were all postmenopausal women re-
questing treatment fbr hot flushes. In all cases, at least 6
months had passed since the last rnenstrual penod. To
be eligible for the study, participants must have had a
minimum of seven moderate to severe hot flushes (in-
cluding night sweats) per 24 hours during the 2 rveeks
of the presrudy period. Moderate hot flushes were de-
fined as a warm sensation associated with sweating that
letl the patient able to continue her daily activity. Se-
vere hot flushes were defined as a hot sensation asso-
ciated with sweating so intense that the patient had to
stop her activity.

Patients also were required to have a baseline fol-
hcle-stimulating hormone concentration greater than
40 lUlL and a serum estradiol concentration less than
35 pglmi-. HRT or any other drug used for the treat-
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nient of clinracteric symptoms, such as vitamin E or
clonidine, was not allowed throughout the study period.
Patients who had received HRT in the past had to have
stopped treatmcnt at least 6 weeks before the prestudy
period"

Al1 participarrts signed an informed consent at the
begiruring of the study, and the study was approved by
the Ethical Comrnittee of the Nimes hospital.

' fest substances

Phytosoya is a standardized isoflavone supplement
prepared from soy extract in 325-mg capsule form con-
taining 17.5 mg per capsule of total isoflavones and
containing the four primary isoflavones: genistein,
daidzein, and tl ieir methylated precursors biochanin
and formononetin. A placebo capsule was fbrmulated
with a similar appearance and taste. The placebo cap-
sule contained cellulose rnicrocrystall ine and sodiurn
magnesium stear ic  in  the same amount  as the soy
capsules.

The patients were either given 2 x 2 capsules of soy
extract a day ol a placebo capsule.

Study design

This was a l6-week, double-blind, randon.rized, mul-
ticenter, parallel trial. The patients were flrst seen at the
screening visit and u,ere then assessed 2 weeks later,
before randomrzation, and then again at treatment
weeks 4, 8, and 16. For the entire study period, includ-
ing the prestudy period, each participant lilled out a
special card daily to evaluate the number of moderate to
severe hot llushes (including night sweats) and brought
it to each visit.

Adverse events were collected at each visit. F-or each
event, the nature, duration. seventy. outcome, and cau-
sal link with the study treatment as evaluated by the
investigator were recorded in the case report form.
Overali safety assessments by the patient and investi-
gator were recorded.

A sample size of 60 patients (30 per treatment arm)
was required to detect, with 90% power, a treatment
difference of 3 hot flushes per 24 hours, assuming a
standard deviation of3.8 hot flushes per day. The test
was performed two-sided at a significance level of o:
0.05. The primary elf icacy criterion was the rnean
change from baseline of the number of daily moclerate
and ser.ere hot llushes (including night su'eats) in each
month of treatrnent. The primary analysis was based on
the two-way repeated measures analysis of variance
modei, includiug the following factors: tleatment ef-
fect, time efl'ect, and treatment by time interactlon.



EFFECTS Of SOY EXTRACT'ON HOl'F|-USI.IES

TABLE l. Denographic data (mean + stsndard deviatiort)

Soy group Placebo group
( l : 39 )  ( n  =  16 )

TABLE 2. Premattn'e stltdy temtination

Reasorrs Soy cx t r rc t  g !oup (o0)  P iaccbr '  g ruup too)

Age (v)
weight  (kg)
Body rrass index (kgm': )
Nurnber o l  hot  l )ushes per 24 h

53.{)  a 5.6
66 .2  +  10 .8
24.9 *  3.9
l  0 , l  +  6 .4

53.9 + 4.  i
64.9 + 9.8
24.9 !  3.5
9.4 j  3.4

4 ( 1 0 )
0 (0)
I  ( 3 )
I  ( 3 )

l  i  ( 3 1 )
2  ( 6 )
l ( 3 )
0  ( 0 )

lnel i icacy
Advefsc drug reactjon
Lost  to lb l low up
Others

Data were analyzed using both an intention to treat
(lT'T) and a per protocol (PP) approach. For the ITT
analysis, the last recorded treatment value was used in
accordance'"vith the "last observation carried forward"
(LOCF)24 principle and, therefore, included patients
who withdrew prematurely from the trial. For the PP
analysis, only data observed at the 16-week endpoint
were analyzed and, therefore, this analysis disregarded
patients who rvithdrew prematurely.

Responders rvere classifred as patients whose num-
ber of hot flushes had been reduced by at least 50o/o at
the end of the treatment period.

RESULTS

A total of 75 postmenopausal women wel'e random-
ized in this study (39 in the soy extract group and 36 in
the placebo group). These patients were well balance<I
rvith respect to baseline characteristics, and there was
no statistically significant difference between baseline
values in the two groups (Table 1). At baseline, the me-
dian number of hot flushes (mean + standard deviation)
was 10. I + 6.4 for the group taking soy extract and 9.4
* 3.4 for the placebo group.

Table 2 shows that 6 (150/0) patients withdrew liom
the soy extract group [4 ( 10%) due to treatment ineffi-
cacyl and 14 (39%) withdrew from the placebo group

[11 (28%) due to treatment inefficacy]. In addition,
three patients presented outlying data. These problerns
have been addressed by running sensitivity analyses to
obtain a sensible estimate of the treatment effect.

The absolute mean number of hot flushes for soy ex-
tract and placebo at all time points are provided in
Tabie 3 fbr LOCF data and in Table 4 for observed data.
From baseline to week 16 (LOCF values), the mean
numbers of hot flushes (mean + standard error of
the mean) decreased to -6.4 * 1.0 and 2.2 - 1.2 in
participants who were taking soy extract and placebo,
respectiveiy.

In the ITT analysis, repeated measures analysis of
variance testing differences between treatment groups
indicated treatment effect (p : 0.01) on the change in
frequency of hot flushes, whereas time (p - 0.33) had
no significant effect on hot flushes frequency (Table 5).

TABLE 3. L'ast r.tbset't,ution ?an'ied /brwot'd datd lbr meun
tilntbL t oJ hotJltr.sltes ar tlte given weeA 

'

Wcek 4 Week 8 Week 16

Raw
Phytosoya

I\4ean (SEM)
Placebo

n
Mean (SEI\4)

Change fiorn BL
Ph1'tosoya

Mean (StlNI)
P laceb<r

N4ean (SElvl)
9i' change liom BL

Phytosoya

Mean (SEM)
Placebo

3 8
6 . l  ( 0 . 9 )

l 5
7.  l  (0.e)

3 8
4.2 (0.8)

2 .2  ( 0 .8 )

3ti
- 38 .8  ( 6 .  I  )

3 8
1.7  (0 .61

35
6.6 ( 1 .0)

38
5 6 (0.e)

J 4

-2.7 \0.7)

lii
5 l . r  ( 5 . 7 )

34
32.e (6.6)

38
3.9  (0 .7 )

3 5
7 0 ( I . 2 )

3 8
6.4 ( l  .0)

34
-2.2 l t .2)

38
-61 .2  (5 .9 )

J 4

20. r i  (16  9)
n t +
Mean ISENI )  -24 .8  (6 .4 \

IlL, baseline: SEM. standard enor of the mean.

Thep values from the PP analyses that only take into
account the obsened data at the 16-week endnoint are
not  s igni f icant .  but  the 95% cont idence intervals  cst i -
mating the treatment effect are supportive of the find-
ings for the ITT/LOCF analysis (Table 5). The fact that
there were a substantial number of withdrawals in this
lrial (Table 2), and that they occurred disproporlion-
ately, complicates the unbiased estimation of the true
treatment eff'ect. Indeed, it is difficult to say which sta-
tistical analysis is the most appropriate (ie, including or
exc lud ing  ou t l i e r s ,  us ing  IT ' I ' / LOCF da ta  o r
PPiobserved data). However! one can remark that all
results from the various analyses and the corresponding
95% conhdence intervals estimating the treatment ef-
fect remain consistent in their suggestion that treatment
with soy extract has a positive effect in the reduction of
hot flushes for menopausal women (Table 5).

Figure 1 shows the variation of hot flushes during the
16 weeks of treatment in the two groups. Using the crt-
teria of >50% reduction in number of hot flushes fiom
baseline as evidence of a clinically relevant response,
65.8% of patients treated with soy extract were classi-
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1{a$'
Phytosoya

N,lcan (Strlvl)
Placebo

Mean (SENI)
C'hange tiom Bt-

I'hytoso),a
n
Mear (Sl iM)

Placebo

1\ lean (Sl : iVI)
% change trorn lll

Phytosoya
t1

Mean (SEJ\'1.1
Placebo

Mean (SEN1)

39  38  36
10. i  (  I  .0)  6.  r  (0.e)  4.s (0.6)

15  35  32
e .1  ( 0 .6 )  7  I  ( 0  9 )  6 .5  (  r  . 0 )

NA  38  36
-4.2 (0 8)  -5.4 (0.9)

34  3 l
-2.2 (0.8)  3.0 (0.7)

NA 3E ]6
-38 .8  ( 6 .1  )  s0 .7  ( 6 .0 )

TABLE 4. Observed data.ftn'meutt nunber of hotlushes at
the given u'eek

llaseline Wce k 4 Week 8 Week 1o

of phytoestrogens may be more efficacrous than a
higher single ciose.

Brzezinski et aI"26 investigated the cflects of shorl-
tenn dietary intervention with phytoestrogen-rich diet
on menopausal symptorns in 145 wofl1gr,. 

'fhe 
total

score of menopausal synlptomatology was reduced sig-
nificantly in both groups. There seemed to be an overall
greater improvernent in the phytoestrogen diet group
than in the contrcri group. but this difference did not
reach statistical significance. Howe",er, rvhen analyzed
separately, the recluctions in hot flushes and vaginal
dryness scores were more significant-(p : 0.004 and
0.005 respectively) in the women assigned a phytoes-
trogen-rich diet than in the controls.

Albertazzi et a1.21 assessed the effects of 60 g rso-
lated soy protein (contauring 76 mg isoflavones in the
aglycone form). Soy was significantly superior to pla-
cebo fur < 0.01) in reducing the mean number of hot
flushes per 24 hours afler 4,8, and 12 weeks oftreat-
ment. By the end of the l2th week, patients taking soy
bad a 45oti, reduction in their daily hot flushes versus a
30% reduction obtained with the placebo (p < 0.01).

Scanrbia et a1.28 examined the effect of soy extract
(50 mg isoflavones/day) compared with placebo on cii-
macferic symptoms during the course of 6 weeks, after
which estrogen replacement therapy was added to both
groups. When compared rvith pretreatment data on
week 6 ol'the study, a significant (p < 0.01) reduction in
the mean numberofhot f lushes perweek rvas observed
in participants who received the standardized soy ex-
tract, whereas a nlore marked relief was observed in
both soy and placebo groups during estrogen replace-
mellt therapy admrnistration. Concurrently, the sever-
ity of hot f lushes, assessed by means of the Greene cli-
macteric scale, rvas also reduced in thr, soy group
panic ipants.

The most recently published study by Upmalis et
a1.2e examined the efficacy of an oral soy isoflavone
extract (50 mg genistin and daidzin per day). Decreases
in the incidence and severity ofhot flushes occurred in
as soon as 2 weeks in the soy group, whereas the pla-
cebo group experienced no relieffor the first 4 weeks.
Differences between women evaluated in both groups
were statistically signifrcant over 6 weeks (p : 0.03).
Over 12 weeks, between-group differences approached
significance (p : 0.08).

Several other studies investigating the effects ofiso-
flavones showed no statistically significant changes in
the liequency ofhot flushes between active and control
groups.

In a recent double-blind, crossover trial of I 49 breast
cancer survivors rvith hot flushes using 50 mg of iso-

))
3 .1  ( 0 .7 )

22
5 .8  t  I  . 6 )

3 )
- 6 . 5  ( l . l )

2 l
3 .3  (  I  . 8 )

l 3
-66.6 (6.2)

2 1
-21.9 (26.7)

3 4  3 i
-24.8 (6.4)  -31.2 (6.6)

NA, Nonappl icant ;  I3L,  basel ine;  SEM, standard error  of  the mean.

t ied as responders, comparedwith32.4% of patients on
placebo.

The standardized soy extract did not modify any
other menopausal symptorns (data not shown). No sig-
nificant changes in systolic and cjiastolic blood pressure
were observed in eilher treatment group. There was a
low incidence of medication-related adverse experi-
ences in both groups. No patient in the so1, extract
group and trvo patients in the placebo group withdrew
prematurely because of an adverse event (vertigo and
weight gain) fiom the study.

DISCUSSION

The results of this study are consistent with our hy-
pothesis that soy protein rich in isoflavones would re-
duce hot l1ush fiequency in postmenopausal women.
Several published studies report improvements in
menopausal symptoms with soy protein, soy foods. or
soy extract. Washburn et al." investigated the effect of
tiuee dietary supplements: placebo, 34 mg of isofla-
vones consumed once daily, and 34 rng of isoilavones
split into two equal doses consumed twice daiiy. They
concluded that a significant improvement was ob-
served for the severity of vasomotor symptoms and lor
hypoestrogenrc svmptoms in the tu'ice-daily group
compared rvith the placebo group. Although siuular ef-
l-ects were noted in the single dose and the split-dose
soy supplen'rentation diets, the effect on vason'Iotor
symptoms was greater on the split-dose diet. This may
suggest that having more consistent circulating levels
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EFFECTS OF SOY EXTRACT ON H07'F'LUSI-]ES

'tABLE 
5. Results j'on rcpeuted nteosw'es models pt'esenting leust :;rluure nteans (adjusteti neans) ant)

con|idence inlenals at rhe specified endpoint
(heit esrinruteci 95t) o

ivlodel
Treatmenl

effect
T ime
el lbct

Tlc-atment
'  t t imö

lnteracuon

AdJusted niean and 959',0
con l ldence in te rva l  o1 '

es l in la red  t rea tmenr

cl fect (Phytosoya-
p lacebo)  a t  l6 -week

fndpoint

Repeated measures lntention to treat
analysis using l  6-week LOCF" data

Iiepeated rneasures intention |o treat
analysis using l6-rveek LOCF data
(af ier  re movirrg out l iers) i '

Repeated mcasures pcr protocol
analysis using l6-rveek observed
data'

Itepeated measures per prtltocol
analysis usir)g I 6-week obserled rlata
(al ter  removing out l iers;

0 .0  r 01

0 .014  L

0 . 1 2 5 1

0.2525

0. I 324

0.:1500

0.3 748

0.4758

0.3085

0.5  178

c l9?8

0.  E3ä9

-  1.6 ( -6.2;  -0.9)

-2 .1  \ - 4 .1 : - 0 .1 \

2.8 ( -6.0;  0.-s )

- l . l  (  2 . 6 ;  0 . 5 )

LOCF, last observation carried forward.
"LOCF' is i rnputed data using the last  known value on f featment.
I'Outliers rvere #l 502 (placebo), who increased tiom 5 to 3 I hot llushes per
24 hours; and #1701 (placcbo), who increased fiorn I 5 to 23 hot flushes per
'Observed data at I 6 weeks uses only data actually rec<.rrded at the I 6-week

% Dec reose

l
w k 4

24 h()urs, # I 90{ ( {'hyrosoya), who incrcased
2.1 hours.
r  is i t  arrr l  t locs lot  lherelure ta lc in i r r  rceurrnr

f lom l7 to2l  hot  t )ushcs per

study rvrthdrawals.

of dietary soy exposure, study design and variabil ity in
responsiveness of some postmenopausal women to
phytoestrogen supplementation. But the discrepancres
between the negative and positive studies may be re-
lated mainly to the specific source of phytoestrogens.
Treatments sfudiecl have varied from unmodified soy
products or phytoestrogen-rich fooil diets26 to soy
bread (containing soy grits), soy llour, soy proteilt pow-
der with different doses of isoflavones,25'27 and tablets
containing concentrated subfiactions.2s lo To make di-
rect comparisons betv!'een nalurally occr,rffing, plant-
derived substances and phartxaceutical preparations
may be inapproprJate. Furtherrnore, phytoestrogens'
metabolite concentration may vary/ widely between in-
dividuals. even with administration of a controlled
quantity of isofl avorres.

T'he presen{ study emphasizes many of the problems
with phamaceutical-style intervention sttrdies using
naturally occurring dietary compounds. A high with-
drawal rate complicated the estimation of the treatment
eff'ect, although sensitivity analyses provided support
to the suggestion that soy extract taken twice daily can
help in the reduction ofhot flushes. There is a need for
further large studies investigating the areas of clinical
effectiveness of isoflavone supplementation in the
freatment 01' menopausal symptoms.

CONCLUSION

In conclusion. on the basis ofthe results obtained in
this pilot shoft-term trial, this standardized soy extract

w k  I  w k  i 6

V i s  i l
- -  P l oce t JoC r o u p  -  P h y l o S o y o

FlC. l. Per.centage decicase fiom baseline ofhot flLrshes. ltesults pre-
scntcd as inean + 2 standard error o1'mcan ILOCF (last observalion car-
r ied fbrwardldatal .

flavones in soy extract tablets, the eff-ects of isofla-
Vones on the frequency and severity ofhot flushes were
evaluated.-ro The soy tablet rn this trial was not more
eff'ective than the placebo in reducing hot flushes. An-
oiher study examined the change in menopausal symp-
toms in response to 24 rveeks of isoflavone-rich (80.4
mg/day) and isoflavone-poc)r (4.4 mglday) soy protein
isolate treatment in perimenopausal women.3l At the
completion of the study, no treatment effect was
fbunded on frequency or severity ofhot flushes.

Data are often conflicting and difficult to analyze be-
cause ofvariations in the populations studied, duration

l { 1  .

; ; l;öl
0 l

-  1 0 1
- 2 0 ) ,

3 0 1
- 4 0 1
- 5 0  {
- 6 0
- / o
- 8 0

- - l
- r 0 0 1
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(Phytosoya) has a good efticacy on vasomotor symp-
toms. decreasing hot flushes and night srveats, ancl it
may be safe ly and elfectively used by women who ex-
perience vasomotor symptoms and rvho choose not to
take estrogens l-or personal or medicpl reasolls.

Acknowledgmenls:  We thank A.  McNal ly  f ron Cardinal  Sys-
tern f r r r  l t is  \ l ror)g cor l r ibur i r rn in stat is t i rs
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coMpLEMENTARy AND ALTERNATTVE IaiorcrNe sERrEs

The Use of  an Isof lavone Supplement to Rel ieve Hot Flushes

Arturc R. Jeri, l4D

The Inc idence o f  menopausa l  symptoms is  low in  As ian  count r ies ,  assoc ia ted  in  par t  w i th  the  h igh  leve ls  o f  d ie ta ry  i so f lavones and l ignans  present
in  the  soybean produc ts  tha t  cons t i tu te  much o f  the  As ian  d ie t - r  Numerous  s tud ies  have demonst ra ted  tha t  d ie ta ry  supp lementa t ion  w i th  foods
high in isoflavones reduces hot f lushes in up to 66010 of women.2 According to 1999 estimates from the Peruvran l ' !enopause Society, 70olo to 80o/o
o f  menopausa l  Peruv idn  women repor t  the  occur rence o f  ho t  f lushes ,  bu t  fewer  than 3o lo  o f  th is  popu la t ion  uses  convent iona l  hormone
r€p lacement  therapy  (  HRT) .

l ' l os t  s tud ies  o f  d ie ta ry  rso f lavones have focused on  soy  legumes ( ie ,  soybeans) ,  wh ich  conta in  gen is te in  and da idze in -on ly  two o f  the  iso f lavones
known to  have s ign i f l can t  es t rogen ic  p roper t ies .  Red c lover  (Tr i fo l ium pra tense) ,  a lso  a  legume,  conta ins  these compounds p lus  two add i t iona l
i so f lavones,  fo rmononet in  and b iochan jn ,  wh ich  have been shown to  b ind  to  es t rogen receptors  to  p roduce es t rogen- l i ke  e f fec ts .3  Th is  s tudy  was
under taken to  eva lua te  the  e f fec t i veness  o f  Promens i l3 ,  an  rso f lavone supp lement  der ived  f ro ( r  red  c lover ,  In  re l iev ing  the  f requency  and sever t ty
o f  ho t  f lushes  in  pos tmenopausa l  women.  Promens i l  was  se lec ted  fo r  th is  s tudy  because i t  con ta ins  the  key  iso f lavones commonly  found in  soy
foods  and is  w ide ly  ava i lab le  as  a  consumer  p roduc t .  Eva lua t ion  o f  po ten t ia l  hear t  d isease prevent ion ,  favorab le  l ip id  in f luences ,  and preserva t ion
of  bone s t rength  was beyond the  scope and dura t ion  o f  th is  s tudy .

M A T E R I A L S  A N D  M E T H O D S
This  16  week,  randomized,  doub le-b l ind  prospec t ive  s tudy  se lec ted  30  hea l thy ,  nonvegetar ian  women who had been pos tmenopausa l  fo r  more
thdn 1  year ,  us ing  nonprobab i l i s t i c  sampl ing  and randomly  d iv id ing  them In to  two groups  o f  15 .  E l ig ib i l i t y  c r i te r ra  requ i red  tha t  sub jec ts  be
younger  than age 60 ,  have fo l l i c le -s t imu la t ing  hormone (FSH)  leve ls  o f  ßore  than 30  mlu /ml ,  exper ience a t  leas t  f i ve  ho t  f lushes  da i l y  (averaged
for  more  than 1  week) ,  and no t  use  HRT,  an t idepressants  o r  o ther  med ica t ions ,  o r  soy  or  o ther  es t rogen ac t ive  p lan t  p roduc ts  fo r  the  prev ious  15
weeks .  The med ian  age was 52  1  0 .7  years  fo r  the  t rea tment  g roup,  and 51  +  0 .8  years  fo r  the  cont ro l  g roup.  A l l  par t i c ipants  were  H ispan ic ,  w i th
a  midd le -c lass  income and good educat ion .  There  were  no  s ta t i s t i ca l l y  s ignr f i can t  d i f fe rences  be tween the  two groups  w i th  respec t  to
demograph ics  o r  e l ig ib i l i t y  c r i te r ia .  Before  s ta r t ing  the  s tudy ,  bo th  g roups  were  asked to  ra te  the  sever i ty  o f  the i r  symptoms on a  sca le  o f  0  (no
symptoms)  to  3  (severe ,  in te r fe r ing  w i th  normal  ac t i v i t ies ) .

The 15  t rea tment -group sub jec ts  were  g iven a  s ing le  da i l y  tab le t  o f  Promens i l  con ta in ing  40  mq o f  s tandard ized iso f lavones (qen is te in ,  da idze in ,
fo rmononet in ,  and b iochan in) .  The 1 ,5  cont ro l -g roup sub lec ts  rece ived 1  p lacebo tab le t  per  day ,  rdent ica l  in  appearance to  the  ac t ive  tab le ts .  A l l
sub ]ec ts  were  asked to  record  inc jdence and sever i ty  o f  ho t  f lushes  a t  the  beq inn ing  and end o f  the  s tudy ,  Data  were  s ta t i s t i ca l l y  ana lyzed us ing
the  Student  t  tes t  and c  sqüare  tes t  to  eva lua te  the  s ign i f i cance o f  mean d i f fe rences  b ,e tween the  t rea tment  and p lacebo groups .
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Table L. Frequency of Hot Flushes

Ease l ine  (no /day)

16 weeks

Mean 9o reduction

Treatment Group

0 . 5

Cont ro l  Group

5 . 7  +  0 . 4

5 . 1  +  0 . 3

1 0 . 5  +  9 . 6

3 . 6  +  0 . 3

48.5 + 7.2

Table 2. Severity of Hot Flushes

Severity Scor€
No. of subjects reporting

each severity score

Treatment  Group

Base l ine  16  weeks

Control Group

Baseline 16 weeks

O ( n o n e )  0  0  0

1 ( l i g h t )  0  1 0  3

2 ( m o d e r a t e )  /  5  9

3 ( s e v e r e )  8  0  3

Sever i ty  Index"  2 ,53  1 .33  2 .00

*Severity index = No. of sub.lects r€portrng each symptom score X symptom score

Tota l  no .  o f  sub jec ts  per  q roup

9

3

2 . 0 0

RESULT
At  the  end o f  the  16  week s tudy ,  a  reduc t ion  in  bo th  f requency  and sevef l t y  o f  ho t  F lushes  was repor ted  by  women in  the  t rea tment  g roup (Tab les

1  and 2) "  The t rea tment  g roup repor ted  a  s ta t i s t i ca l l y  s ign i f i can t  reduc t ion  o f  48 .5o /o  (7 .0  +  0 .5  to  3 .6  +  0 .3 )  in  the  f requency  o f  ho t  f lushes  per

day  compared w i th  10 .5% (5 .7  +  0 .4  to  5 .1  +  0 .1 )  rn  the  cont ro l  g roup.  c -Square  ana lysrs  fo r  p ropor t iona l  d i f fe rences  o f  f requency  c f  ho t  f lushes
revea led  tha t  the  reduc t ion  in  the  t rea tment  g roup was s ta t i s t i ca l l y  s ign i f i can t  (x2  =  25 .25 ,  P  <  0 .001) .  The sever i ty  index  fo r  the  Promens i l
g roup showed a  s tä t i s t i ca l l y  s ign i f i can t  reduc t ion  f rom 2 .53  to  1 .33  (47o/o  reduc t ion) ,  whereas  there  was no  chanqe in  the  p lacebo group ( t  =

3 .67 ,  P  <  0 .001) .  There  was ä  sh i f t  fo r  the  par t i c ipants  in  the  ac t ive  group f rom severe  ho t  f lushes  (n  =  8 )  a t  base l ine  to  l iqh t  (n  =  10)  a t  the
s tudy 's  end.

Mean FSH leve ls  decreased in  14  Promensr l -g roup women i rom 59.27  +  4 .22 IU/mL to  48 .60  +  3 .93  IU lmL,  bu t  inc reased in  n ine  cont r0 l  g roup

women f rom 51.47  +  3 .96  IU/mL a t  base l ine  to  54 ,60  |  3 .62  IU/mL a t  16  weeks .  A l though the  decrease in  FSH va lues  in  the  t rea tment  q roup

women wäs s ta t i s t i ca l l y  s ign i f i can t  ( t  =  4 .39 ,  P  <  0 .001) ,  the  abso lu te  Ieve ls  remained above the  30- tU/mL th resho ld- ie ,  the  leve l  a t  wh ich
ovanan es t rogen produc t ion  ls  cons idered to  have ceased.  There  was no  observed cor re la t ion  be tween FSH leve ls  and f requency  o f  ho t  f lushes  or
be tween aqe and Frequency  o f  ho t  f lushes  a t  base l ine .

Tab le  3 .  Conten t  o f  Four  Iso f lavones in  Promens i l6

D a i d z e i n  ( p g / 9 )
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DTSCUSSION

l los t  Peruv ian  women avo id  i iRT because they  Fear  tha t  ] t  may lead tc  b reas t  o r  u te r ine  cancer ,  vag ina l  b leed ing ,  and we igh t  ga in ,4  and o f ten
they are reluctant to interact with the medical system to obtain medications.

This study demonstrates that dietary supplementation with red clover-derived isoflavones is an effective alternative for relief of vasomotoT
symptoms in  pos tmenopausa l  women,  reduc ing  t lo th  the  average da i l y  f requency  and sever i ty  o f  ho t  f lushes .  A  prev ious  s tudy  us ing  the  same red
clover isoflavone supplement failed to demonstrate a statistjcally significant effect on hot f lushes, primarily due to the failure to control for

tso f lavone in take  in  the  p lacebo group.5  However ,  tha t  s tudy  showed a  c lear  cor re la t ion  be tw€en iso f lavone excre t ion  and ho t  f lush  reduc t ion ,  änd
an 18o/o reduction in high-density l ipoprotein levels-even in the absence of an effect on hot f lushes. That study also demonstrated the safety of
red  c lover  l so f lavones in  tha t  u te r ine  th ickness  remained unchanged in  the  women us ing  supp lementa t ion  ove .  a  12-week per iod .5

A recent  s tudy  eva luä t ing  the  b ioava i lab i l i t y  o f  commerc ia l  i so f lavone supp lements  conf i rmed the  mänufac turer ' s  s ta tements  regard ing  the
compos i t ion  o f  Promens i l  tab le ts .  Under  h igh  per fo rmance l igh t  chromatography ,  the  produc t  was  shown to  conta in  p redominänt ly  fo rmononet in
and b iochan in  A  in  fhe  aq lycone fo rm,  smai l  amounts  o f  the i r  g lycos ides ,  and da idze in  and gen is te in  (Tab le  3 ) .  ln  a  s ing le  sub jec t  who was q iven
1 tab le t  o f  Promens i l ,  the  p lasma concent ra t ions  o f  da idze in  and gen is te in  rap id ly  rose  to  leve ls  typ ica l l y  observed a f te r  the  inges t ion  o f  soy-

conta in ing  foods .6

Sased on the efficacy in hot-flush reduction reported here and findings of improved cardi.,vascular function, bone density, and safety reported

e lsewhere ,3 '5 '7  red  c lover  i so f lavone supp lementa t jon  o f fe rs  ä  use fu l  a l te rna t ive  fo r  women seek ing  re l ie f  f rom acute  symptoms o f  menopause.

Ar tu ro  R.  Jer i ,  MD,  i s  med ica l  researcher  o f  the  c l imacter ic  un i t  a t  the  Ins t i tu te  o f  Cynaeco loqy  änd Reproduc t ion  In  L ima,  Peru
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Tham Df4, Gardner CD, Haskel l  WL. Potentral  health benef i ts of dretary phytoestrogens: a revrew oF the cl inrcal .  eprdemioloqical ,  and mechaorst jc
evidence. I  Cl in Endocrinol  Metab. 19q8;93;2223-2235.
Adlercreutz t l ,  I4azur W. Phyto-estrogens and Western diseases. Än, Med. 1997]29(2):95-120.
Eden J. Phytoestrogens and the menopause. Bai l l ier$ Cl in Endocrinol  Metab. 1998;12:581 587.
Nacntrgal l  L,  f tacht igat l  L.  The effects of rsof lavone denved from red clover on vasomotor symptoms, endometr la thrckness, and reproduct ive horfrrone
concentrat ions in menooausal women. Presented at fhe 81st Annual Meetrng of the Endocrine Socrety,  lune 12 15, 1999, San Diego, Cair f .
KnlEht DC, Ed€n JA. A revrew of the cl in ical  eFfects of phytoestrogens. Obstet Gynecol.  1996;87(5 Pt 2):B97-944.
Setchel l  KDR, Brown NM, Desai P, et  al .  Broavarlabr lr ty of pure rsonavones rn healthy humans and anatysis of commercrdl  soy rsoFlavone supplements. J
/ V u t r  ( U n i t e d  S t a t e s ) .  2 0 0 1  ;  1 3  L ( 4  S u p p l )  r  1 3 6 2 5 - 3 7 5 5 .
Atkinson C, Conrpston JEC, Robtns SP, Erngham SA. The effects of tsof lavone phytoestrogens on bone: prel imtnöry resul ls from a large .andornrzed
cantrol led tr la l .  Abstracr presented aI the Annual lgeet ing of the Entrsh l4enopause Soctety ( in press).
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Benefits of soy isoflavone therapeutic regimen on
menopausal symptoms,

Han KK,  Soares  JM Jr ,  Ha idar  MA,  de  L ima GR,
Baracat  EC.

Depar tment  o f  Gyneco logy ,  Esco la  Pau l is ta  de  Med ic ina /Federa l
Un ivers i ty  o f  Sao Pau lo ,  Sao Pau lo ,  Braz i l .

O B J E C T I V E : T o  e x a m i n e  t h e  c h a n g e  i n  m e n o p a u s a l
symptoms and cardiovascular r isk factors in response to 4
months  o f  da i l y  100-mg soy  iso f lavone in  pos tmenopausa l
women.  METHODS:  In  th is  doub le-b l ind ,  p lacebo-
cont ro l led  s tudy ,  80  women were  randomly  ass igned to
rso f lavone (n  =  40)  and p lacebo (n  =  40)  t rea tment .  The
menopausa l  Kupperman index  was used to  assess  change
in  menopausa l  symptoms a t  base l ine  and a f te r  4  months
of treatment.  Cardiovascular r isk factors were assessed by
eva lua t ing  p lasma l ip id  leve ls ,  body  mass  index ,  b lood
pressure /  and g lucose leve ls  in  the  par t i c ipants .  To
examine the  e f fec ts  o f  th is  reg ime on endogenous
hormone leve ls ,  fo l l i c le -s t imu la t ing  hormone (FSH) ,
lu te in iz ing  hormone (LH) ,  and 17  be ta-es t rad io l  were
measured"  Transvag ina l  sonography  was per fo rmed to
quant i f y  endomet r ia l  th ickness .  RESULTS;  The da ta
showed a  decrease in  menopausa l  symptoms (P < .01 ,
pa i red  t  tes t ,  two- ta i led ,  be tween base l ine  and iso f lavone
groups ,  and P <"01,  unpa i red  t  tes t ,  be tween p lacebo and
iso f lavone Eroups) .  To ta l  cho les tero l  and low-dens i ty
l ipopro te in  decreased s ign i f i can t ly  in  the  iso f lavone group
compared w i th  the  base l ine  or  p lacebo group (P  < .001,
pa i red  t  tes t ,  two- ta i led .  be tween base l ine  and iso f lavone
groups ,  and P < .01 ,  unpa i red  t  tes t ,  be tween p lacebo and
iso f lavone groups) .  The iso f lavone t rea tment  appeared to
have no  e f fec t  on  b lood pressure ,  p lasma g lucose,  and
h igh-dens i ty  l ipopro te in  and t r ig lycer ide  leve ls "
CONCLUSION:  Th is  s tudy  suggests  tha t  i so f lavone 100-mg
regime treatment may be a safe and effect ive ai ternat lve
therapy  fo r  menopausa l  symptoms and may o f fe r  a  benef i t
to the cardiovascular system,

PMID:  1  1864664 [PubMed -  indexed fo r  MEDLINE]
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Estrace@ , .,.) Estrogen is used to treat

hot  f lushes ( 'hot  f lashes ' ;  sudden st rong
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Vasomotor symptom relief by soy isoflavone extract
tablets in  postmenopausal  women; a mul t icenter ,  double-
b l ind,  randomized,  p lacebo-contro l led study.

Upma l i s  DH,  Lobo  R ,  B rad ley  L ,  War ren  M,  Cone  FL ,
Lamia  CA.

Department  of  Cl in ica l  Af fa i rs ,  Advanced Care Products,  North
Brunswick,  New Jersey 08902,  USA.

OBIECTIVE: To determine the safety and ef f icacy of  an
oral  soy isof lavone extract  for  re l ie f  of  menopausal  hot
f l ushes .  DESIGN:  Th i s  was  a  doub le -b l i nd ,  r andomized ,
pa ra l l e l  g roup /  ou tpa t i en t ,  mu l t i cen te r  (15  s i t es )  s tudy .  A
to ta l  o f  177  pos tmenopausa l  women  (mean  age  =  55
yea rs )  who  were  expe r i enc ing  f i ve  o r  more  ho t  f l ushes  pe r
day were randomized to receive er ther  soy isof lavone
ex t rac t  ( t o ta l  o f  50  mg  gen i s t i n  and  da idz in  pe r  day )  o r
p lacebo .  Phys i ca l  examina t i ons  and  endomet r i a l  and
b iochemica l  eva lua t i ons  we re  pe r fo rmed  upon  admiss ion
and  comp le t i on "  Body  we igh t ,  symp toms ,  and  sa fe t y  we re
eva lua ted  a t  a l l  v i s i t s .  RESULTS:  Re l i e f  o f  vasomoto r
symp toms  was  obse rved  i n  bo th  g roups .  Dec reases  i n  t he
inc idence and sever i ty  of  hot  f lushes occurred as soon as 2
weeks  i n  t he  soy  g roup ,  whe reas  the  p lacebo  g roup
exper ienced no re l ie f  for  the f i rs t  4  weeks.  Di f ferences
be tween  eva luab le  sub jec t s  i n  bo th  g roups  were
s ta t i s t i ca l l y  s i gn i f i can t  ove r  6  weeks  (p  =  0 "03 ) .  Ove r  12
weeks,  between -g rou p d i f fere nces a pproached s iE n i f ica nce
(p  =  0 "08 ) .  Endomet r i a l  t h i ckness  eva lua ted  by
u l t r asound ,  l i pop ro te ins ,  bone  marke rs ,  sex  ho rmone-
b ind ing  g lobu l i n  and  fo l l i c l e - s t imu la t i ng  ho r rnone ,  and
vag ina l  cy to logy  d id  no t  change  i n  e i t he r  g roup .
CONCLUSIONS: Soy isof lavone extract  was ef fect ive in
reduc ing  f requency  and  seve r i t y  o f  f l ushes  and  d id  no t
s t tmu la te  t he  endomet r i um.  Soy  i so f l avone  ex t rac t s
p rov ide  an  a t t r ac t i ve  add i t i on  t o  t he  cho i ces  ava i l ab ie  f o r
re l i e f  o f  ho t  f l ushes .
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OBJECTIVES;  Many  women  have  tu rned  to  comp lemen ta ry
and  a l t e rna t i ve  med ic ines  fo r  re l i e f  f r om the i r
pe r imenopausa l  symp toms .  The  p reva lence  o f  p l an t -based
m e d i c i n e  u s e  a m o n g  p e r i m e n o p a u s a l  w o m e n  h i g h l i g h t s
the  need  fo r  i nves t i ga t i on  i n to  t hese  i n te rven t i ons ,  The
a im  o f  t h i s  s tudy  was  to  eva lua te  t he  bene f i t  o f  soy
p repa ra t i ons  f o r  t he  t r ea tmen t  o f  pe r imenopausa l
symptoms by per forming a systemat ic  rev iew of
randomised  c l i n i ca l  t r i a l s  (RCTs) .  METHODS:  L i t e ra tu re
searches were per formed using four  computer ised
databases to ident i fy  RCTs of  soy preparat ions for  the
t rea tmen t  o f  pe r imenopausa l  symp toms .  Manu fac tu re rs  o f
soy products were contacted and our  own f i les were a lso
sea rched .  The re  we re  no  res t r i c t i ons  on  the  l anguage  o f
pub l i ca t i on .  T r i a l s  we re  cons ide red  i f  t hey  used  mono-
preparat ions of  soy or  soy isof lavones,  and i f  the outcome
measures re lated to the physical  and/or  psychological
impac t  o f  menopause  i n  hea l t hy  women  and  sco red  a t
least  three on the ladad scale.  RESULTS: Thi r teen RCTs
were identr f ied that  invest igated the use of  soy
p repa ra t i ons  f o r  pe r imenopausa l  symp toms .  Ten  o f  t hese
t r i a l s  f i t t ed  ou r  i nc lus ion  c r i t e r i a .  The  resu l t s  o f  t hese
s tud ies  a re  no t  conc lus i ve .  Fou r  o f  t hese  randomised
con t ro l l ed  t r i a l s  we re  pos i t i ve ,  sugges t i ng  soy  p repa ra t i ons
a re  bene f i c i a l  f o r  pe r imenopausa l  symp toms .  S i x  we re
nega t i ve ;  w i t h  one  o f  t he  s i x  show ing  a  pos i t l ve  t r end .
CONCLUSIONS: There is  some evidence for  the ef f lcacy of
soy preparat ions for  per imenopausai  symptoms.  F lowever,
the heterogenei ty  of  the studies per formed to date means
i t  is  d i f f icu l t  to  make a def in i t ive statement .  Adverse event
da ta  f r om the  t r i a l s  sugges t  t ha t  t he re  a re  no  se r i ous
safety concerns wi th soy products in  shor t - term use.
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Since the release of the Women's Health Initiative (WHl) findings, an increasing number of dietary
supplement products specifically targeting women in menopause have appeared in the American market-
place. This growth highlights the need lirr a critical evaluation of the tolerability and eft'ectiveness of these
products. The purpose of this article is to assess the evidence for saf'ety and benefit of botanical mono-
preparations used for relief of menopause-related symptoms. The Cochrane Library and Medline datahases
were searched from January 1966 to October 20&1, using a detailed list of terms related to botanicals and
mcnopausal symptoms. Studies were considered eligibie.(l) if they were controlled trials ol a botanical
monopreparation administered orally ior a minimum of 6 weeks to perimenopausal or postmenopausal
women with hot flashes and (2) if they included a placebo or comparative treatment arm" Topical prepa-
rations, botanical combinations, and dietary interventions, such as soy f'ood or protein, were not included. No
language restrictions were imposed on the search. A total of 19 studies met the inclusron criteria. The
majority of shrdies indicate that extract of black cohosh (Actaea racemos.t L.) improves menopause-related
symptoms; however. methodologic shortcomings in the trials were identified. To date, 4 case reports of
possible hepatotoxicity have been published, although previous saf'ety reviews suggest that black cohosh is
well tolerated and that adverse events are rare when it is used appropriately. 

'Ihe results of 6 clinical srudies
on soy (C/ycrre mar L.) isoflavone extracts are mixed" Moreover, the composition and dose of sov
supplements varies widely across studies, making comparisons and definitive conclusions difficult. One
study challenged the long-term sal'ety of high-dose soy isoflavone extract (150 mg/day f'or 5 years) on the
uterine endometrium. Clinical dau lrom 5 controlled trials assessing the efficacy of semipurified isoflavone
red clover (TriJ-olium prelense L.) leaf extracts to reduce hot flash frequency and severity or to relieve
symptoms associated with the domains of the Greene Menopausal Symptom Scale are contradictory. The
largest study showed no benefit fbr reducing symptoms associated with menopause fbr 2 dift'erent red clover
isoflavone products compared with placebo. No significant adverse events have been reported in the
literature. Single clinical trials do not support the use of dong guai (Angelica sinensis L.), ginseng (Panax
ginseng C"A. Mey), or evening primrose seed oil (.Oenothera biennis L.) for improving menopausal
symptoms. We conclude that black cohosh extracts appear to ease menopausal symptoms; ongoing snidies
funded by the National lnstitutes of Health (NIH) will provide more definitive safety and efficacy data. Soy
isoflavone exüacß appear to have minimal to no effect, although definitive conclusions are difficult given
the wide variation in product composition and dose. Long-term safety of higher dosage (150 mg/day) soy
isoflavone extracts is uncertain. Semipurified isoflavone red clover leaf extracts have minimal to no effect
in reducing menopausal symptoms. Dong quai, ginseng extract, and evening prirffose seed oil appear to be
ineffective in ameliorating menopaus:rl symptoms at the dosages and in the preparations used in these
studies.
O 2005 Elsevier Inc. All rishts reserved.

The opinions offered at the National Institutes of Health (NIH) State-of-the Science Conference on lv{anagement ofiV{enopause-Related Symptoms and
published herein are not necessarily those of the National Institute on Aging (NIA) and the Otfice of Medical Applications of Research (OMAR) or any of
the cosponsoring institutes, offices, or centers of the NIH. Although the NIA and OMAR organizcd this meering, this article is nor intended as a stiitemenr
of Federal guidelines or policy.
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When the Women's Health Init iative (WHI) was discon-
tinued owing to unanticipated increases in risk for breast
cancer, stroke. heart attack, and blood clots among women
taking estrogen plus progestin. the search for alternative
treatments that were perceived to offer beneficial etfects
with less risk intensified. Some women turned to botanical
dietary supplements with the presumption that these "natu-

ral liuhst:,nces" are relatively safe and efTective. Whether
these presumptions are correct remains to be seen.

Although botanical remedies have been used fbr centu-
ries, many products in the American marketplace bear little
resemblance to the simple preparations of 'the past. Potent,
concentrated products extracted via a range of solvents may
be consumed fbr prolonged periods, often in combination
with over-the-counter and prescription drugs-unique cir-
cumstances when compared with use of the apothecary of
yesteryear. Thus, a "long history" of use cannot be presup-
posed, and questions of safety and eflicacy must continue to
be entertained.

The purpose of this article is to systematically assess the

evidence for safety and benefit of single constituent botan-
ical products {often referredto as monoprepcrations) for the
treatment of menopause-related symptoms. This review is
based on the most rigorous scientific studies published in
Deer -reviewed I iterature.

Methods

The Cochrane I-ibrary and Medline databases were searched
from January 1966 to October 2004, using a detailed list of
terms related to botanicals and menopausal symptoms.
Terms used in the search included the following: meno-
pause, hot flashes, climacteric, herb, botanical, phyto-. phy-
toestrogen, isoflavone, soy, black cohosh, Cimicifuga, Act-
aea, red clover, Trifulium, dong quai, Angelica, licorice,
wild yam. Dioscorea, ginseng, Panax" evening primrose oil,

7-linolenic acid, hops, kava, Piper methysticum, St. John's
wort, Hypericum, chastetree, Vitex, valerian, and mother-
wort. Ret-erences were then reviewed to identify additional
studies.

Study setection

Studies were considered eligible (l) if they were controlled
trials of a botanical monopreparation administered orally tbr
a minimum of 6 weeks to perirnenopausal or postmeno-
pausal women with hot l lashes and (2) if they included a
placebo or comparative treatment amn. Topical prepara-
tions. botanical combinations, and dietary interventions,
such as soy food or protein, were not included. No language
restrictions were imposed. A total of 19 studies rnet the
inclusion criteria.

Results

Btack cohosh (Actaea racemosa L.; Cimicifugo
racemosa [1.] Nutt.)

The root and rhizome of black cohosh, an indigenous North
American herb, lrave been researched fbr >30 years fbr the
relief of menopause-relatecl .symptonrs. German health au-
thorities endorse the use of black cohosh extract for pre-
menstrual discomfort. dysmenorrhea, and menopause.'
Similarly. the World Health Organization (WHO)- recog-
nizes its use tbr "treatment of climacteric symptoms such as
hot flushes, profuse sweating, sleeping disorders and ner-
vous irritability." The North American lVlenopause Societyr
recommends triack cohosh, in conjunction with lif'estyle
approaches, as a treatment option fbr women with mild
menopause-related symptoms.

Of l3 published trials identi{ied fbr black cohosh" 5 met
criteria for inclusion in this review (Table l).a-3

Efficacy

Most studies indicate that black cohosh extract reduces
some symptoms associated with menopause; however,
methodologic shortcomings and variations in product and
dosage limit deftnit ive conclusions. The randomized, dou-
ble-blind study by Stoll5 reported a statistically significant
(P <0.001) reduction in Kupperman Index (KI) and Ham
ilton Anxiety Rating Scale (HAM-A) scores among women
assigned to black cohosh compared with those given con-
jugated estrogens or placebo. Daily hot flash incidence
decreased fiom 4.9 to 0.7 in the black cohosh group, fiom
5.2to3.2 in the estrogen group, and fiom 5.1 to 3.1 in the
placebo group. Attrition bias may have occurred; 12 of 30
women dropped out of the estrogen group between weeks 5
and 8 due to "perceived lack of efficacy," a finding that. in
itself-" raises questions about the study. Lehmann-Willen-
brock and Riedelo found black cohosh reduced KI scores as
eff'ectively as hormone therapy (HT). However, their study
suffered tiom small sample size, lack of a placebo arm, lack
of blinding" and no description of the randomization pro-
cess.  The t r ia l  by Warnecker  repor ted "h ighly  s igni f icant
reduction" in all outcome measures, but it did not report
calcular ions or  prov ide analyt ica l  deta i ls .  The study
lacked a placebo arm and included diazepam-a drug not
typically used tor relief of menopausal symptoms-in 1
treatment arm. Wuttke and coworkers" fbund a statisti-
cally significant reduction in the Menopause Rating Scale
(MRS) score among women taking black cohosh com-
pared with those assigned to placebo; however, reduction
in hot I ' lashes (item I on the MRS) did not diff-er signif-
icant lv  between the b lack cohosh and p lacebo groups.
Jacobson and col leaguesi  fa i led to detect  any reduct ion in
hot f lash frequency or severity among breast cancer sur-
vivors taking black cohosh. This study included a large
number of participants (6970) taking tamoxifen, a drug
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Table 1 Controlled triats of btack cohosh
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Study Sampte ControI Treatment
Primary 0utqome
Measures Results

Warneckea

5tott5

Lehmann-Wi[[enbrock
and Riede[6

Jacobson et a[7

Wuttke et at8

Peri- and
postmen0pausat
women

Postmenopausat
w0men

SurgicaLly
menopausal
w0men

Women with
vasomotor
symptoms and
history of
breast cancer

Postmenopausal
women

CEs (0.6 mg/day)
or diazepam
(2 mglday) for
12  wk

CEs (0.625 mg/
day) or ptacebo
for 12 wk

Estriot (1 mgl
day) or CEs
(1.25 mg/day) or
estrogen +
progestin
therapy (2 mS/
day estradiol +
1 mg/day
norethisterone
acetate) for
6 m o
Ptacebo for 60
days

CE (0.6 mg/day);
or ptacebo for
12  wk

60

80

KI60

85

o l

40 drops Remifemin*
tiquid extract bid
(4 mg/day 27-
deoxyactein) for
72 wk

Remifemin 4 ng (21-
deoxyactein) bid for
12 wk (equivatent to
80 mg bid extract)

Remifemin 4 mg bid
(27-deoxyactein) for
6 mo (equivalent to
80 mg bid extract)

20 mg bid of an
unspecified black
cohosh product for
60 days

cR BNO 1055/
Menofemt
(a0 mg/day) for
12 wk

KI, HAM-A score,
Gtoba[ Impressions,
and Setf-Assessment
Depression Sca[e

KL HAM-A score

4-day hot flash diary;
menopausaI symptom
questionnaire

MRS

Att 3 groups showed significant decrease
in neurovegetative and psychotogicat
symptoms, Btack cohosh and estrogen
groups experienced protiferation of
vaginal epithetium. No significant
adverse effects noted.
Remifemin group had most pronounced
reduction in KI and HAM-A scores
compared with estrogen and ptacebo
groups (P <0.001). Remifemin group
had most significant change in
protiferation of vagi nal epithetium
(P <0.01) .
Authors conctuded that atl.3 groups had
decreased KI; no significant difference.
Remifemin group had no change in LH
or FSH tevet.

Black cohosh wa: not significantly more
efficacious than placebo for hot flash
number or intensi!; sweating was the
onty symptom wiih significantty greater
improvement over placebo. No change
in FSH or LH levet in either group.
Statisticatty significant reduction in MRS
score; however, reduction in hot flashes
(item 1 on MRS) did not djffer
signifi cantty between groups. Benefi ciaI
effect on bone metabotism and vaginal
cytoLogy reported in both CE and CR
BNO groups. CR BNO had no effect on
endometrial thickness, which was
increased by CE.

CE : conjugated estrogen; FSH : fot[icle-stimulating hormone; HAM-A = Hamiiton Anxiety Rating Scate; KI =
*Remifemin (black cohosh; Schaper & Brummer GmbH & Co. KG, Salzgit ter, Germany). Remifemin preparations

(23-epi-26-deoxyactein) in each dose, equivalent to 20 mg root/rhizome.
iMenofem (CR BN0 aqueous ethanotic extract of btack cohosh; Bionorica AG, Neumarket, Germany).

Kupperman Index; LH = luteinjzing hormone; MRS = Menopause Rating Scale.
are standardized to contain 1 mg triterpene glycosides (expressed as 27-deoxyactein
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Iable 2 Ptacebo-controtted triat of dong quai

M Study Sampte ControI Treatment
Primary 0utcome
Measures Resutts

Hirata et at2s 77 Postmenopausal Ptacebo for
women 24 vtk

Dong quai. 3 capsutes
tid (4.5 g/day) for
24 wk

KI, hot flash
frequency

No difference between
groups in serum
hormone levets,
vaginal cytotogy, hot
flashes, KI scores

Ti

Pt
T, KI = Kupperman Index.

known to induce hot f lashes, and thus l imited the gener-
alization of the results to women going through natural
menopause and not taking tamoxit 'en.

Safety

Our understanding of the mechanism of action of black
cohosh is a work in progress, but recent research suggests a
nonhormonal effect.' An abstract reporting increased me-
tastases from breast to lung in mice given black cohosh has
raised questions concerning safety for women with breast
cancer"'; however, other studies in animals have not found
an effect on mammary tumors. l l '12 Four case reportslr 16

purportedly link black cohosh use with acute liver disease in
5 patients. Evaluation of these reports is difficult, however,
because 2 of the 5 cases involved combination herbal prod-
ucts, 3 cases failed to analyze suspected products tbr purity
and identification, and 1 case did not report the brand or
dose of black cohosh consumed. No serious adverse events
have been reported in published clinical trials, and 2 sal'ety
reviews have fbund black cohosh extract to be well tolerated
and adverse events to be rare when it is taken for up to 6
months. | 7' l 8

Dose and preparation

There is a wide variety of black cohosh products and formu-
lations available in the American marketplace, including com-
bination preparations. Clinical trials have been conducted on 2
proprietary preparations. The majority of studies used Remife-
min (Schaper & Brummer GmbH & Co. KG, Salzgitter, Ger-
many), although the method of extraction in this preparation
has changed over time tiom hydroethanolic (607o ethanol by
volume) to isopropyl alcohol @A7o by volume) and the dosage
form has changed t'rom liquid to tablets, thus complicating any
comparison of research trials. In 2 recent studies, investigators
used CR BNO 105-5. an aqueous etheurolic extract (587o vol/
vol). sold as Klimadynon and Menofem (Bionorica AG, Neu-
market, Germany). It is unclear whether pharmacologic equiv-
alence can be assumed between products. The dose of extract
used in clinical trials is 40 to 160 ms/dav.

Conctusion

Most published reviewslo 2a lend support for the contention
that black cohosh extract is beneficial fbr the relief of

menopause-related symptoms; however, clinical trials pub-
lished to date sufTer fiorn methodologic shortcomings that
necessarily temper endorsement of this botanical. It is hoped
that ongoing National Institutes of Health (NlH)-funded
clinical studies wil l provide more definit ive infbrmation
regarding safety and efficacy of black cohosh tbr the alle-
viation of menopausal symptoms.

Dong quai (Angelica sinensis [0tiv.] Diets)

Dong quai root has been used to treat a variety of disorders
in traditional Chinese medicine (TCM) for >20 centuries
and is now quite popular in the US marketplace. Our search
revealed I published clinical trial on dong quai that met the
inc lus ion cr i ter ia  lTabte 2) .15

Eftrcacy

A double-blind study by Hirata and coworkerstt täiled to
find any benefit for women receiving 4.5 g/day dong quai
(aqueous extract stanclardized to 0.5 mg/kg of ferulic acid)
when compared with placebo with respect to reliel 'of hot
flashes or other menopausal symptoms captured by the KJ
over a 24-week period.

Dong quai is not typically used in TCM to treat meno-
pausal symptoms, nor is it typically administered as a single
agent. However, since the majority of dong quai products
sold in the United States are not prepared in accordance
with TCM principles, the findings of Hirata and cowork-
ers25 may be relevant to over-the-counter use of the botan-
ical"

Safety

There is iittle information available on the hormonal et"fects
of'dong quai. Hirata and coworkers2t cJid not detect anv
change in serum hormone levels or vaginal cytology. One
case report of male gynecomastia was purportedly caused
by dong quai ingestion.rt' No dignrficant adverse eff'ects are
reported in the literature; however, a case reportlr and
results of animal researchls suggest a possible herb-drug
interaction between donq quai and warfarin.
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Iablc 3 Placebo-contoLted biat of evening primrose seed oil

Study Sampte Control Treatment
Primary 0utcome
Measures Resutts

[t[r

Tit

Prt
Tu

Chenoy et a13o 56 Postmenopausal Ptacebofor
women 24 wk

4 capsutes evening primrose KI, hot flash and
oit capsutes bid (a,000 mg/ sweating
day) for 24 wk episode

üequency

No significant difference
in any outcome measure
between active and
olacebo groups

KI = Kuppermar' i;;dex.

Dose and preparation

There are numerous dong quai products in the American
marketplace, the majority of which are combination prepa-
rations. No particular product dominates the marketplace,
and most are not standardized to any constituent, The rec-
ommended "serving size'" varies across manufäcturers, but
most recornmend 3 to 6 g/rJay, usually taken in 3 divided
doses.ro

Conctusion

Based on the data from Hirata and coworkers,:5 dong quai
as a single therapeutic intervention does not appear to be an
effective treatment fbr relieving the vasomotor symptoms of
menopause. However, the paucity of data limits definitive
conclusions.

Evening primrose seed oil (0enothera biennis L.)

Evening primrose oil is extracted fiom the seeds of the
evening primrose plant, a wildflower native to North Amer-
ica. The seed oil is a rich source of linoleic acid and

7-linolenic acid. Our search identified i clinical trial eval-
uating the efficacy of evening primrose oil tbr the relief of
menopausal symptoms (Table 3).:ro

Efficacy

The study by Chenoy and eolleagues'" randomized 56
women reporting >3 hot llashes per day to 2,000 mg
evening primrose oil plus 20 mg vitamin E or placebo twice
daily fbr 24 weeks. The investigators did not find any
significant benefit fbr evening primrose oil over placebo in
relieving the vasomotor symptoms of menopause. However,
the trial was small and sufTered from attrition: onlv 35
participants completed the study.

Safety

Evcning prirnrose oil is generally well tolerated. Mild nau-
sea, diarrhea, llatulence, and bloating have been reported in
some individuals.ri Limited data suggest a possible aggra-
vüt ion of  temporal  lobe epi lepsy. ' r

Dose and preparation

Evening primrose oil products generally are standardized to
contain 320 to 360 mg linoleic acid and 40 mg ll inolenic
acid per capsule, although levels vary between manufactur
ers. Vitamin E may be added to prevent rancidity. The
recommended dosage ranges fiorn 3 to 6 g/day.

Conctusion

There was no dernonstrated benefit fbr evening primrose oil
over placebo in relievrng menopause-related symptoms.
However, the paucity of data l imits any definit ive conclu-
sions.

Ginseng (Panax ginseng C.A. Mey)

Ginseng root has held a place of importance in Asian med-
icine for millennia, and it is among the most popular herbal
supplements sold in the American market. The common
name, gin.;eng, is used tcl describe a number of chemically
diff'erent species of Pana-r. Thus, caution must be exercised
when interpreting data between species. The German Com-
mission Er and the WHOrr enclorse the use oI Panax gin-

seng as a tonic or restorative agenl fbr invigoration and
tbrtification in times of fätigue, debility, or physical or
mental exhaustion. We found 1 clinical trial that met our
criteria (Table 4).3a

Efficacy

Wiklund and colleagues'" conducted a randomized. double-
blind, placebo-controlled study of ginseng in 384 women
reporting >6 hot flashes on >3 days per week. Subjects
received either 200 mg/day ginseng extract or placebo for

16 weeks. With regard to the primary end point, the Psy-
chological General Well-Being (PGWB) inder. ginseng
showed a tendency only tbr better overall symptomatic
relief (P <0.1). Exploratory arlalysis of PGWB subsets.
however, reported t'avclrable results fbr ginseng compared
with placebo (P <0.05) on the depression, well-being, and
health subscales.
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Table 4 Ptacebo-controtted triat of ginseng

Study Sampte ControI Ireatment
Primary 0utcome
Measures Resutts

Wiklund et a[34 384 Symptomatic Ptacebo for
postmenopausal 16 wk
women

4 capsutes evening primrose
oit bid (4,000 mg/day) for
24 wk

Hot flash and sweating
episode frequency,
PGWB, WHQ, VAS

No signifi cant difference
in any outcome measure
between active and
ptacebo groups

PGWB : Psychotogicat eenöräl tiett-Aeing index; 'llHQ = Wbmen;s Heatth Queshonnaire; VAS = Visuat Anatogue scate.

Safety

A systematic review-t-5 lbund that Panax ginsel?8 mono-
preparations are rarely associated with adverse events or

drug interactions, and the few efl'ects reported were mild

and transient. Data from clinical trials suggest that the
incidence of adverse events is similar for ginseng and pla-

cebo, with subjects reporting headache as well as sleep and
gastrointesti nal disturbances.

Dose and preparation

There are numerous products and tbrmulations of ginseng
available in the United States. Doses of standardized extract
range from 100 to 600 mg per day" Ginsana (standardized to
47o ginsenosides; Pharmaton S.A., Lugano, Switzerland,
distributed by Pharmaton Natural Health Products) was the
product used in the study by Wiklund antl colleagues.ra

Conclusion

Panar ginseng may be helpful with respect to quality-ot'-life

outcomes, such as well-being, mood, and sleep. However,

based on the results of I large clinical trial, it does not

appear to be beneficial fbr vasomotor symptoms.

Red ctover (Trifolium pratense L.\

Although red clover blossoms have been used in traditional
herbal medicine fbr centuries. it is the semipurified isofla-
vone leaf extracts fbr relief of menopause-related symptoms
that interest researchers. Red clover contains isoflavones,
which are sometimes rei'erred to as phytoestrogens because

of their estrogen-like eft-ects. Isoflavones may act as an
estrogen agonisr or antagonist depending on the individual

compound and level present in the body. We fbund 5 clin-
ical trials that met our inclusion criteria (Table 5;. ']o +tt

Efficacy

The largest study of semipurified isoflavone red clover leaf
extracts by Tice and colleaguesr" randomized 252 post-

menopausal women reporting >35 hot flashes per week to

Promensil (red clover isoffavones; Novogen Ltd., North

Ryde, New South Wales, Australia) 82 mg/day, Rimostil
(red clover isoflavones; Novogen Ltd.) 57 mg/day. or pla-

cebo fbr 12 weeks. 
'Ihere was no significant benefit fbr

either red clover product over placebo in improving hot

flash frequency or Greene Menopause Symptom score"

Women receiving Promensil initially had a more rapid de-

cline in hot llash frequency compared with women in the

other 2 groups. However, at 12 weeks, the reduction in

mean number of daily hot f lashes was similar fbr women

receiving Promensil (4lVo), Rimostil (34Vo), and placebo
(369o)

The crossover study by Baber and colleaguesu" admin-

istered Promensil 40 mg/day isoflavones or placebo to 51

menopausal women for 12 weeks, tbllowed by all par-

ticipants receiving I month of placebo, and then 12

weeks of the alternate arm. There were no significant

differences in hot f lashes, ffushing, or other physiologicr

parameters between the Promensil and placebo groups.

Limitations of the study include small sample size, sin-

g le-b l ind c les ign,  and the f ind ing that  some women in the

placebo groups had higher urinary isoflavone levels at the

end of the tr. ial compared with baseline, raising questions

about possible dietary confounders. Knight and cowork-

ersro reported no statistically significant difference in

alleviation of symptoms between groups receiving isofla-

vones 40 mg/day, isoflavones 160 mg/day, or placebo

(reduction in hot f lashes of 297a,34Vo, and 294a, resPee

tively). The study was small; only 37 postmenopausal

women were enrolled.
In contrast to these negative findings,2 smaller studiess/rs

found a statistically significant reduction in hot flash frequency

among women taking Promensil compared with placebo. van

de Weijer and Barentsenl randomizetJ 30 women reponing
>5 hot flashes per day to either Promensil (80 mg/day isofla-

vones) or placebo lbr 12 weeks. Hot flash liequency was

significantly (P <0.01) lower in women receiving red clover.

although no significant dift-erence was seen in the Greene score

across groups" The study was limited by its small sample size,

lack of detailed description of methodology or caicuiations,

ancl lack of intention-to-treat analysis. Jeri:r8 compared Pro-

mensil (40 mg/day isoflavones)f with placebo fbr 16 weeks in

a small sample (N : 30) of women in Peru. A significant
(P <0.001) reduction in hot flesh frequency (48.57o) and

severity was reported in the active group compared wilh the
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Tabte 5 Placebo-controtted trials of red ctover

Study Sampte ControI Treatment
Primary Outcome
Measures Resutts

Iice et at36 252 PostmenopausaI
women

PostmenopausaI
women

Placebo for
12 wk

Placebo for
72 wk

Promensit* (82 mg/
day isoflavones) or
Rimostitt (57 ng/
day isoflavones) for
12 wk

Promensi[ (80 mg/
day isoflavones) for
12 wk

Hot flash frequency,
changes in QOL

Hot flash frequency,
Greene Menopause
Symptom score

van de Weijer
and

- Barentsen3T

Jeri38

Knight et at3e

Postmenopausal
women

Postmenopausal
women

Promensil V0 mg/
day isoflavones) for
16 wk

Hot flash frequency
and severity

No significant
difference between
groups in hot flash
frequency. Greene
scate or adverse 

' ''

events
Reduction in hot flash
frequency per day in
active treatment (5.4
to 3.4) compared with
placebo (5.8 to 6.0; P
<0.01) .  No
significant difference
in Greene score
Reduction in hot flash
frequency (48.5"1')
and severity (470lo)
significantly greater
with active treatment
than placebo (10.5%
reduced frequency and
no change in severity;
P <0.001)
No statisticatly
significant difference
between 2 red clover
arms and placebo

No statisticaity
significant difference
between active
treatment and ptacebo
groups

30

Baber et atao PostmenopausaI
women

Placebo for
X6 wk

Placebo fqr
12 wk

Placebo or
acfive for
3 m o
fo[[owed
b y l m o
placebo,
then 3 mo
atternate
arm

Promensi[ (160 ng/
day isoflavones) or
Promensil (40 ngl
day isoflavones) for
72 wk
Promensit $0 mg/
day isoflavones)

Hot flash frequency
and 6reene
Menopause
Symptom score

Hot flash frequency
and Greene
Menopause
Symptom score

30

QQI = quatity of tife.
*Promensil (red ctover isoflavones; Novogen Ltd., North Ryde, New South Wates, Austratia)
tRimosti[ (red ctover isoflavones; Novoqen Ltd.).

placebo group, who experienced a small reduction in fre-
quency (10.57o) and no change in hot flash severity.

Safety

No serious adverse efTect has been reported in clinical trials or
in the medical literature, but because red clover leaf extracts
contain serrupurified isoflavones, the question of saf'ety in hor-
mone-sensitive tissue is important, especially when consider-
ing high doses over prolonged peritxls. Atkinson and cowork-
ers"' fbund no significant dift-erence in mammographic breast
density after 12 months' administration of Promensil (43.5
mg/day isoflavones) compared with placebo in a study in 177
women (aged 49 to 65 years) with increased breast density, nor

was there any statistically significant eff'ect on estradiol, folli-
cle-stimulating hormone (FSH), or luteinizing hormone levels.
Clifton-Bligh and colleagues t'r fbund that Rimosril dosages up
to 85.5 mg/day taken for 6 months did not increase endometrial
thickness. Baber and coworkers+o found no significant ditter-
ences in serum estradiol, FSH, sex hormone-binding globulin,
vaginal cytology, or endometrial thickness after 3 monrhs'
administration of Promensil 40 mg/day. At this time, the saf'ety
of red clover leaf extracts in women with a history of breast
cancer is unkrown. Although not an adverse effect per se, red
clover isoflavones can inhibit'the drug-metabolizing cvto-
chrome P-:150 system enzymes CYPlAl, CYPlBl, and
CYP2C9a3; however, no herb-drug interaction has been re-
ported.
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Dose and preparation

Clinical trials for menopause-related symptoms have been
conducted primarily on the proprietary s€mipurified isoffa-
vone leaf extracts marketed as Promensil and as Rimostil.
The ratio of genistein plus biochanin A to daidzein plus
fornrononetin is 1.9:1.0, with 40.0 to 43.5 mg total isofla-
vones per Promensil tablet. Rimostil purportedly contains a
ratio of genisteirr plus biochanin A to daidzein plus for-
mononetin of 0. 15:1.0, with <29.5 mg total isollavones per
tablet. It is important to avoid simply comparing the difl'er-
ence in total isoflavones between these products because the
isofl avone profi les ditfer considerably.

Conclusion

The majority of clinical data do not support the efficacy of
semipurified isoffavone red clover leaf extracts in reducing
hot flash frequency and severity or in relieving symptoms
associated with the domains of the Greene Menopausal
Symptom Scale.

Soy (6lycrne max L.)

It has been postulated that dieury intake of soy may explain,
in part, the lower reporting of hot flashes by Asian wom-
en,t* compared with women in the United States.t5 This has
led to a surge in interest in soy in the research community
and among consumers. The present review considers soy
extracts only in dietary supplement form. We identified 6
controlled studies of soy extract dietary supplements that
met our inclusion criteria (Tatrle 6).46-51

Efficacy

In aggregate, thc 6 studies presented in Table 6 produced
equivocal results. The largest study, by Upmalis and co-
workers,5r fbund a statistjcally significant reduction in hot
flash severity. but no reduction in incidence, in the active
treatment group (50 rng/day soy isoffavones; genistein and
daidzein) compared with placebo (P : 0.01). However, the
use of the glycoside tbrm of isoflavones, as opposed to the
biologically active aglycones, at the dose administered may
have influenced the findings.

The crossover study by Nikander ancl coworkerstn taiied to
find any significant dilTerence between the active treatment
(114 mg/day soy isoflavone tablets containing glycitein 58%,
daidzein 67o, and genistein 6Vo) and placebo groups with
respect to Kf or other outcome measures. Penotti and col-
leagues*o did not detect äny significant difference in hot flash
fiequency or severity between postmenopausal women receiv-
ing soy isoflavones 12 ntglday (genistein 1 I mg, daidzein 36
mg, and glycitein 25 mg) and those receiving placebo. Both
groups had a 4070 reduction in the number of hot ffashes.

In contrast to the negative results tiom other trials, Scam-
bia and colleagues'5o reported that after 6 weeks, women

receiving sov extract 400 mg/day (corresponding to isofla-
vones 50 mg/day) had a significant reduction in mean num-
ber of hot f lashes (P <0.01) and mean point values l9 (hot
flashes) and 20 (night sweats) on the Greene scale (P
<0.001) when compared with those taking placebo. The
study was of short duration and was small; only 39 women
were enrolled.

Faure and coworkersrr randornized 75 women reponing
>7 hot ffashes per day to placebo or soy extract (total isofla-
vones 70 mg/day [genistein, daidzein, biochanin, and for-
mononetinl). Women experiencing a >50% reduction in hot
llashes were significantly (P <0.00-5) more likely to be in the
soy treahnent group (65.8%) than in the placebo group
(34.27oi). Flowever, the tnal suffered ftom attrition'.39Vo of rhe
placebo group failed to complete the study.

Han and associatesa8 found a significant (P <0.01) re-
duction in KI score among women taking isoflavones 100
mg/day (genistein 70 mg" daidzein 18 mg, and glycitein l2
mg) compared with placebo. The mean KI score decreased
from 44.6 to 24.9 in the active treatment group, whereas
there was a small increase (from 40.3 to 41.6) in the placeb<;
group. Lack of placebo response is highly unusual in a
menopause study.

Safety

Soy extracts appear to be well tolerated, with few if any
serious adverse eff'ects noted in clinical studies" A review by
Munro and colleagues-52 concluded that the literature, when
viewed in its entirety, supports the notion that soy isofla-
vones consumed in tbods or dietary,supplements are safe.
The report by Unt-er and associates," however, has raised
questions of safety with regard to long-term use of higher
doses of soy isoflavones" After 5 years, 6 cases (3.87o) of
endometrial hyperplasia were detected by endometrial bi-
opsy in women receiving soy extract 1,800 mg/day (soy

isoflavones 150 mg/day); no oase was found in the placebo
group. Investigators reported that the diff'erence in rates of
endometrial hyperplasia between the 2 groups was statisti-
cally significant (P <0.05), although 41 biopsy specimens
tiom the placebo group were considered unassessable at the
final 5 year point.

Dose and preparations

There are numerous soy extracts in the marketplace that
provide widely varying levels of isoflavones in a range of
mixtures and ratios. The isoflavone dosages used in the
rnajority of clinical trials are in the 50- to 1OO-mg/day range.

Conctusion

The results fiom clinical studibs are contradictory and dif'-
t icult tt- l evaluate owing to variation in sov preparations.
dosages, and durations of treatment. Many products fail to

adequately declare the composition of isoflavones (e.9..
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Table 6 Placebo-control.ted trials of sov extracts

Study N Sampte ControI Treatment Primary 0utcome MeasuresResutts

Penotti et ata6

Faure et ataT

62 Postmenopausal
women

75 Menopausal
w0men

Placebo for
6 m o

Ptacebo for
16 wk

1-g tabtet bid
(72 mglday soy
isoflavones) for 6 mo

2 Phytosoya*
capsutes bid (70 mg/
day soy isoftavones)
for 16 wk

1 soy extracl capsule
tid (100 mglday soy
isoflavone) for 16 wk

3 phytoestrogen
tabiets bid (1.74 mg/
day isoflavones)

SoySe[ectr (50 mg/
day isoflavones) qd
for 12 wk

Han et atas 80 PostmenopausaI
women with
breast cancer

Women with
vasomotor
symptoms and
history of
breast ancer

MenopausaI
women

Self-reported hot flash
frequency (diary)

Setf-reported hot flashes and
night sweais (s3rnpilorä card)

KI, VAS, mood

Hot flash frequency and
severity, Greene Menopause
Scale

No signifi cant difference
between groups: both
had 40olo reduction in
hot fl.ash incidence
The percentage of
"responders" (hot
flashes reduced by
=50o/o at end of
treatment) was 65.8o/o
in the soy extract group
and 34.2olo in thc
placebo group (P
<0.005)
Greater decrease in KI
score with soy extract
(44.6 to 24.9) than with
ptacebo (40.3 to 47"6)
(P <0.01)
No signifi cant difference
between groups in KI,
VAS. or other outcome
measures

At 6 wk. compared with
placebo, soy decreased
frequency (P <0-01)
and severity (P <0.001)
of hot flashes; no
change jn other
outcome measures
At 12 wk significant
reduction in severity of
hot flashes and night
sweats (P <0.01) but
not frequency

Soy protein
without
isoflavones
(50.3 mg)
for 16 wk
Ptacebo for 3
mo, fottowed
by 2-mo
washout,
then 3 mo
atternate arm
Ptacebo for
12 wk

KI

Nikander et alae 62

Scambia et a[5o 39

Upmatis et at51 177 Postmenopausal Ptacebo for
women 72 wk

Soy extract (50 mg/
day isoflavones) qd
for 12 wk

Hot flash and night sweat
frequeney and severity

KI = Kupperman Index; VAS = Visuat Anatogue Scale.
'Phlrtosoya; Arkopharma. Canos, France.
tSoy SetecL Indera SpA. Mitan, Italy.

percentage of individual isollavone, glycoside or aglycone
fbrm), further complicating comparison between trials, Sub-
stantial interindividual diff'erences in isofl avone metabolism
exist in the general population,5+ which may also affect
study outcomes. At this time, the scientific evidence cannot
support the recommendation of soy isoflavone extracts for
the relief of menopausal symptoms.

Summary and discussion

Whereas studies indicate that black cohosh extracts ease
menopausal symptoms, most investigations are l imited by
methodologic shortcomings; additionally, comparison be-
tween trials is complicated by variations in dosing and in
use of products with diff'erent extraction systems. A total of

4 case reports of acute hepatit is involving 5 women usin-9
black cohosh have been reported in the literature, although
previously published safety reviews suggest that the herb
generally is well tolerated. Soy isoflavone extracts appear to
exert minimal effects. but dose dif-fbrences and marked
variation in product composition l imits definit ive conclu-
sions. Long-term saf'ety of higher-dose (150 ng/day) soy
isoflavones is uncenain. Most clinicai data do not support
the efficacy of semipurified isoflavone red clover leaf ex-
tracts to reduce hot flash fiequency and severity or to relieve
symptoms associated wrthin the domains of the Greene
Menopausal Symptom Scale. Limited data suggest that
dong quai, ginseng extract, artd evening primrose seed oil
are ineff 'ective in ameliorating menopausal symptoms at the
doses and in the preparations used in these studies; no
significant adverse eft-ect has been associated with their use.
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Reports in the literature on botanicals used to treat meno-
pausal symptoms reveal equivocal findings, with some stud-
ies reporting efficacy for specific products and others reach-
ing opposite conclusions. Diff-erences in findings across
studies of the same botanical may be a function of less than
optimal trial design, variation in products used, duration of
treatment, inadequate dosing, and/or use of small or non-
comparable population samples. When comparing products
that differ in extraction technique, delivery systerr, ratio of
ingredients, and dose, the question of equivalency must be
considered. It also makes the "pooling" of trial dara prob-
lematic. For example, reaching a definitive cönclusion on
the efficacy of soy isoflavone extracts is difficult when the
products vary so markedly in composition. Many of the
trials failed to provide adequate definitions fbr "postmeno-
pausal" or "menopausal," which also may conrribute to
varied findings. Some treatments may be more effective in
the perimenopausal woman than in the postmenopausal
woman. or vice versa.

Future research should include long-term saf'ety assess-
ments of botanical preparations used for menopause-related
symptoms because women may use these products for pro-
longed periods. Dose-escalation studies should be con-
ducted before conducting expensive clinical studies on bo-
tanical extracts" The development of analytical methods for
identitying and verifying the quantity of active ingredients.
or marker compounds, in botanical products must be a
priority, as is improving quaiity-control measures from seed
to shelf. In addition to implementing rigorous clinical trial
designs, researchers must clearly describe the botanical
product being studied (i.e., plant part, merhod of botanical
identification. solvent extraction method, etc.) to enable
replication and critical analyses of the research.
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Efficacy of Soyfoods and Soybean Isoflavone
Supplements for Alleviating Menopausal Syrnptoms Is

Positively Related to Initial Hot Flush Frequency

MARK MESSINA, Ph.D.1,2 and CLAUDE HUGHES, M"D., Ph.D.3,4

ABSTRACT

Soy has received attention as an alternative to conventional hormone replacement therapy
(HRT) largely because it  is a unique dietary source of isoflavones. Isoflavones are dipheno-
lic compounds that have both hormonal and nonhormonal properties and are considered to
be selective estrogen receptor modulators. The estrogen-l ike effects of isoflavones in combi-
nation with the low reported frequency of hot flushes in Japan has prompted investigation
of the effect of soy on menopausal symptoms. The purpose of this review is to evaluate the
ellicacy of soyfoods and isoflavone supplements for the alleviation of hot flushes. Nineteen
trials (13 using a parallel design) involving more than 1,700 women were identified. Six tri-
als were excluded from analysis: two that involved breast cancer patients, two that reported
data on severity but not hot flush frequency, one that was not blinded, and one that did not
include a control group. Based on a simple regression analysis of the remaining data set (13

trials), there was a statist ical ly signif icant relationship (P = .01) between init ial hot f lush fre-
quency and treatment efficacy. Initial hot flush frequency explained about 46% of the treat-
ment effects, and hot f lush frequency decreased by about 5% (above placebo or control ef-
fects) for every additional initial hot flush per day in women whose initial hot flush frequency
was f ive or more per day. Although conclusions based on this analysis should be considered
tentative, the available data justi fy the recommendation that patients with frequent hot f lushes
consider trying soyfoods or isoflavone supplements for the alleviation of their symptoms.

INTRODUCTION

oyFooDS HAVE pLAyED an important role in

the diets of many Asian countries for cen-
turies. But within the past 10 years, soyfoods
and soybean constituents have attracted wide-
soread research attention in the West for their
purported health benefits. Many of the newly
developed "Westernized" soy products specif-

ically target women because of reports that sov
may be helpful for conditions and diseases as-
sociated with the menopausal years" Soy is
much discussed as a possible alternative to
conventional hormone replacement therap;r
(HRT),r 6 in large part because it is a unique
naturai dietary source of isoflavones.T'8 This
perspective may gain even further attention as
a result of the recently published disappoint-

rDepartment of Nutrition, I-oma Linda University, Loma Linda, CA 92350, USA"
2Nutrition Matters, Inc., Port Town-send, WA 98368, USA.
Quintiles, Inc., P.O. Box 13979,I{esearch Triangle Park, NC 27709-:3979,1J5A.
{Department of Obstetrics and Gynecologv, Duke University Medical Center, Durham, NC 27710, USA.
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ing findings from the Heart and Estrogen/
Progestin Replacement Study (HERS) I/ils,to
and the Women's Health Initiative.lt Iso-
flavones have estrogen-like propertiesl2-14 and
are considered by many experts to be natural
dietary selective estrogen receptor modulators
(SERMs).15-17

Traditionally, one reäsonr if not the primary
reason, that women elected to lrse HRT was for
rel ief of menopausal symptoms.ls Because
many women may now opt not to use HRT for
such purposes, health professionals, especially
clinicians, need accurate information about the
efficacy of alternative agents and approaches to
alleviating hot flushes. Soyfoods and soybean
isoflavones are popular alternatives,le but thus
far no comprehensive review on their efficacy
in the alleviation of hot flushes has been pub-
lished. The intent of this paper is to fill this void
and to present the hypothesis that soyfoods
and soybean isoflavones effectively alleviate
menopausal symptoms in women who have
frequent hot flushes. Trials examining the ef-
fects of isoflavones derived from red clover
were not included in the statistical analysis to
avoid any potential differences in efficacy
stemming from the difference in isoflavone
profile between soybean- and red clover-de-
rived isoflavones" Results of several recent
studies on the effects of red clover isoflavones
are available elsewhere.2o-24

BACKGROUND

Isoflavones have traditionally been consid-
ered to be weak estrogens, although it is not
possible to arrive at a single estimate of po-
tency, which varies according to tissue. In ad-
dition, it is well estabiished that serum
isoflavone levels in response to modest soyfood
consumption can reach the low micromolar
range, about 100 to 1,000 times that of estro-
gen.25 This suggests, even assuming a rela-
tively weak potency, that isoflavones have the
potential to exert biological effects in uiuo, and
in fact they have been reported to do so in sev-
eral trials that included a varietv of different
endpoints.26-30

FIowever, it is probably more accurate to re-
fer to isoflavones as har.'ing estrclgen-like
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(rather than estrogenic) properties, because
they behave differently from estrogen. For ex-
ample, isoflavones bind with much greater
affinity to estrogen receptor-B (ER-B) than to
ER-a,12':t and they are much more potent at
triggering transcriptional activity when bound
to ER-B rather than ER-a.32 Also, isoflavones
have potentiallv important nonh.ormonal ef-
fects. si

In 7992, Adlercreu tz et al.3a first suggested
that the estrogen-like properties of isoflavones
might account for the low incidence of hot
flushes reportedly experienced by women in

Japan, a notion later popularized by Loqk.35,:6
In general, the incidence of hot flushes among
Asian women tends to be lower3T'38 than
among Western women, although many other
menopausal symptoms (e.g., shoulder aches,
psychological changes) are experienced to a
similar extent.3e Consistent with these obser-
vations are recent epidemiological data indi-
cating that American women of Chinese and

Japanese ancestry are about one third less iikely
to report experiencing hot flushes, compared
with Caucasian-American women.40

Obviously, there are many reasons why
Asian women may experience fewer hot
flushes than Western women do. For example,
it could be that the lower premenopausal es-
trogen leveis among Asian women mitigate the
drop in estrogen concentration that occurs as a
woman enters the menopause, and thus the
trigger for the onset of hot flushes is mini-
mized.al However, there exists epidemiologi-
cal support, albeit limited, for the notion that
soy may be a contributing factor. For example,
in a small cross-sectional study involving 284

Japanese women 40-59 years of age, fermented
but not total soy product intake was inversely
related to hot flush severity (P < "05).12
Stronger support came from a Japanese
prospective epidemiological study: during 6
years of follow-up among the 101 women who
experienced hot flushes, the hazard ratios were
0.42(P for trend : .005) and0.47 (P for trend':
.002) for intake of total soy product (g/d) and
isoflavones (mg/d), respectively, when com-
paring those in the highest and lowest tertiles
of intake.a3

Finally, in a case-control study by Somekawa
et al.aa involving 478 postmenopausal Japanese
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women, the incidence of hot flushes tended to
decrease as isoflavone intake increased, al-
though this relationship was not statistically
significant. Lack of statistical significance may
have been partially related to the isoflavone in-
take cutoff values used in this study. The low-
est intake quartile included women who con-
sumed as much as 35 mg of isoflavones per
day. This represents considerable soy intake
and is an amount that may have exceeded the
threshold isoflavone exposure necessary to ex-
perience benefit. In the prospective study by
Nagata et al.a3 cited previously, the hazard ra-
tio for hot flushes decreased from 1.00 to 0.78
between the first and second tertile of intake;
the average isoflavone intakes in those two
groups were 20.5 and 32.6 mg/day, respec-
tively.a3

One of the difficulties of conducting trials to
evaluate the efficacy of agents for hot flush re-
lief is the large placebo etfect observed in most
studies" According to Loprinzi et al.,as placebo
decreases hot flushes by an average of 25o/o over
a 3- to 4-week period, about 70o/" of women ex-
perience a 75% or greater reduction in hot
flushes with placebo, and another 10% experi-
ence a reduction of 50% to75oÄ. To circumvent
this problem, Pan et al.a6 examined the effects
of soy on rat tail skin temperature. They found
that the rise in tail skin temperature induced
by ovariectomy was significantly reduced in
rats fed a diet containing isoflavone-rich soy
protein (soy*), compared with rats fed the con-
trol diet lacking soy (P : .04) or a diet con-
taining isoflavone-poor soy protein (P : .10).
However, the effect of soy+ was not as pro-
nounced as the effect of estrogen. Obviously,
ovariectomized rats are not little menopausal
women, but at least in this model the placebo
effect is eliminated.

CLINICAL TRIALS

Orserall description

The first trial assessing the efficacy of soy
(soyflour) for the alleviation of menopausal
symptoms was pubiished in 7995.17 Since that
time, 11 additional studiesa8-ss 6uo'. examined
the effects of soyfoods (7 using isolated soy pro-

J

tein, 1 soyflour, 1 soymiik, 1 textured vegetable

[so;r] protein, and 1 a combination of tradi-
tional soyfoodsss), and 7 othersse-65 have in-
vestigated the effects of isoflavone suppie-
ments, on hot flush frequency, or severity, or
both (Table 1). These 19 trials were conducted
in eight countries, ranged in duration from 4
weeks to 24 months (although 11 of the trials
were 12 yzeeks in length), and exocsed women
to intakes c;f 34 to 100 mg isoflavones per day
(in most cases, >70 mg/day)" For comparison,
average isoflavone intake for a Japanese adult
is about 35 to 40 mg/day"66

Twelve of the 19 studies were randomized,
double-blinded, parallel trials; 5 were random-
ized, double-blinded, crossover trials; 1 was a
parallel trial that was not blinded; and t had
no control group" Altogether, in the 12 soyfood
trials, 467 women were given the control diet
and 482 the soy diet, and in the 7 supplement
trials,323 women were given the placebo and
474 the isoflavones, for a total of L,746 partici-
pants" (The actual number of women in these
trials is slightly different, because some women
participated in both the control and active
arms, and, in three 1riu1rs1,s2,67 there was more
than one soy group but only the group fed the
soy protein with the highest isofiavone content
was considered for review and analysis.) Be-
cause the trial by Brzezinski et al.,a8 which
found a statistically significant decrease in hot
flush frequency in women fed soyfoods (and
some flax) compared with the control group,
was not blinded, it was excluded from the
analysis, as was the trial by Albert et a1.,63
which found a statistically significant favorable
response among women given an isoflavone
supplement but did not include a placebo
group. Elimination of these two trials brings
the totals down to 431 control and 404 experi-
mental subjects in the soyfood trials and 323
placebo and 323 experimental subjects in the
isoflavone supplement trials.

AnaLysis

Of the 11 remaining soyfood trials, only 1
found that women in the active arm experi-
enced a statistically significant decrease in hot
flush frequency.sO This trial is intriguing be-
cause the investigators noted that improve-



MESSINA AND HUGHES

Tesr-E 1. Frruurnrcs pnolr TRrels Ex,qunrNc tur Elprcacy op Soyroops
erup IsorlevoNE SUppLEMENTs FOR Ar-r-Evtarrxc; Hor Flusurs

/

lsoflaaone Control/ Soyfood/ Absoltüe oh

Author Duration explsure Agt Placebo Isoflaaone Initial hot change aersus
(ref. no.) Design (zuk) (mg/day) (yr) (N) (N) fluslws/dnf innctiae ttrmb

NA, not available.
aRepresents average of control/placebo and soyfood/isotlavone supplement groups.
bUnless otherwise indicated, refers to changes in hot flush frequency.
cData on hot flush frequency providecl by authors via personal communication.
dOnly the isoflavone-rich soy protein and the whey group were considerecl for analysis; results from lveek 12 of

studv.
eValues estimated from figure in published article.

ment in the soy group lessened as compliance same amount of isoiated soy protein but in one
worsened. One additional trial found thai iso- sitting per day.51
lated soy protein, when consumed two times In contrast to the soyfood frials, four of the
per day, significantly reduced hot flush sever- six remaining isoflavone supplement trials
ity (although not incidence), compared with found that women in the active arm experi-
the control diet or with consumption of the enced a statisticallv significant decrease in hot

T r ials inu o la ing so y fo o ds
Albertazzi Parallel 12 76 53 39 40 I7.2 L 12.59'"

rs0)
Knight (5a) Parallel 72 77 53 11 9 7.6 I 22"2o/"
Woods (58) C.r:osscve;" 12 16 45-58 85 85 6.6' I t, r:e/,,

Murkies (47) Parallel 72 53 55 24 23 5.V L 17"t"
Dalais (49) Crossover 12 52 54 11 11 3.9, T 2g'/ '
Washburn Crossover 6 34 51 51 51 3.7 1, 4.7"/o

{51 )
Burke (57,66) Parallel 72 58 5i 70 65 3.1 I 7.4o/o
5t. Cermain Parallel 24 80 50 24 27 2.2c'd T 33.2/"

$2 )
Totals 315 305

Trials inuo laing isoflaoone supplements
Han (62) Parallel 16 100 49 ,10 40 10.7 t 26.1"/o
Faure (64) Parallel 16 70 54 35 38 9.8 J SS.SZ
Upmallis (60) Parallel 72 50 55 63 59 8.6" * gU
Hochanadel Crossover 12 100 45-55 11 11 1.5. I ZZ.OS''

(  65)
Scambia (61) Parallel 6 50 54 19 20 4.3 I 19.5"/"
Totals 168 168

Trials excluded ftorn regression analysis and reason t'or exclusion
Quella (59)- Crossover 4 - >18 155 155 7.3 i 7"/,

cancer
patients

van Patten Parallel 12 55 64 59 
'7.3 

I S.+U

Cancer patients
Kotsopoulos Parallel 72 59 40 33 NA Decrease in

(53)-no severity,3.7o/"
data on
frequency

Balk (56)- Parallel 24 57 \2 7 NA Increase in
no rlata on severity, 25.8%
frecuencv

Brzezinski Parallel 72 52 36 78 NA lmprovement
(48)-noi in hot flush
blinded score. 19o,'o

Albert (63) 
- Single 16 >'45 0 151 7 "12c J. 57.9",'"

no conilol alm
Totals 307 483
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flush frequency; hor,r'ever, in one of these four
studies, the results were significant at 6 weeks
(P : .0275) but only marginally significant at
12 weeks (p : .078).60 Of the two trials that did
not find isoflavone supplements to be effective
at any point, one involved only 11 subjects6s
and the other was a large,4-week trial that in-
voived breast cancer patients, two thirds of
w\om -.a,.ere taking tamoxifen.se This latter trial
was the only study conducted for such a short
duration. The U. S. Food and Drug Adminis-
tration (FDA) recommends that triais evaluat-
ing the efficacy of drugs such as HRT for alle.
viation of menopausal symptoms be continued
for at least 3 months.68 In any case, in those tri-
als that found soy or isoflavones to be effica-
cious, differences between the inactive and ac-
tive arms were apparent early on, and the gap
between the two typically continued to in-
crease beyond 4 weeks.50'60

The supplement trial by Han et a1.62 which
reported a26'h decrease in hot flush frequency
in the isoflavone group (relative to placebo), is
particularly interesting because the subjects
were specifically instructed to consume the
isoflavones three times each day. This pattem
is likely to result in higher serum isoflavone lev-
els than would have been seen with consump-
tion of the same totai amount in one or fwo sit-
tings per day, given the known half-life of
isoflavones (6-9 hours).2s The dose of isoflavones
used in this lrial (100 mg) was also at the high
end among all trials, which would further in-
crease serLlm isoflavone levels. Findings from the
study by Han et a1.62 are consistent with the data
from Washburn et al.s1 discussed previously.

The lack of statistical significance among the
soyfood trials, in and of itself, shouid not be
taken as an indication of a lack of efficacy, be-
cause the large placebo effect makes most of
these hials underpowered to detect modest ef-
fects. Therefore, it is worthwhile to consider the
absolute differences between the groups. Of the
nine soyfood trials in which no statisticaliy sig-
nificant effects were found, three reported per-
centage decreases (absolute differences relative
to control) in hot flush frequency or severity
(3.7o/o,53 77.0"/",47 and22.2"1,54), and six reported
percentage increases (1.4'Yo,67 4.6oh,sB 8.4/o,5'
79 .0"/o,52 25 .8o/o,56 and 29 .)oh+e; . Al thou gh m any
of the soy triais were of small size, it is appar-

5

ent that there is essentially an equal chance that
women in the soy group will experience an in-
crease rather than a decrease in symptomologv.
On this basis, it is hard not to conclude that
soyfoods lack efficacy.

If that is the case, is one to conclude that
isoflavone supplements are more efficacious
than soyfocds? first, it is important to ac-
knowledge in addreqsing this question that the
isoflavone supplemerrt trials involved a total of
only 323 women in each arm, and that the
largest trialse (N : 155) did not report a statis-
tically significant decrease in hot flush fre-
quency (although, as noted previously, that
trial involved breast cancer patients)" With this
smal1 number of subjects, the favorabie find-
ings may be due to chance. Also, hot flush fre-
qLrency decreased only slightly in the placebo
group in two of the four supplement trials, in
one60 by less than20"/",and in another62 by only
1%" Certainly, decreases of even 25% in the
placebo group would have prevented statisti-
cally significant effects from being observed be-
tween the placebo and isoflavone groups in
both trials. But these trials did involve 6360 and
4062 women in the placebo groups and there-
fore should not be dismissed.

The explanation that the results observed
were due to "chance" is appealing because
there is no obvious biological basis for think-
ing that isoflavones and soyfoods would dif-
ferential ly affect menopausal symptoms. Iso-
flavones are the onlv components of soy
thoughi to be responsible for the hypothesized
effects on hot flushes. Furthermore, the bio-
availability of isoflavones from soyfoods is
s imi lar  to  that  o f  supplements,25 and the
amount of isoflavones to which women were
exposed was similar in the soyfood and the
isoflavone supplement trials. Still, differences
in "isoflavone delivery vehicle" cannot be com-
pietely dismissed as an explanation for the ap-
parent discrepancy in results between the soy-
food and the isoflavone supplement frials.
FIowever, there is at least one other, even more
attractive explanation: that the supplement tri-
als produced favorable findings compared
with the soyfood trials because, on average, the
baseline level of hot flush frequencv was higher
among the participants in the supplement
tr ials"
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In the four supplement trials in which sta-
tistically significant beneficial effects were ob-
served, the number of hot flushes per day ini-
tially was 10.7 ,6' 9 .8,un 8.6,60 and 4.3.61 Three of
these values are on the very high end among
all trials conducted. Interestingly, in the three
trials in which women in groups fed soyfoods
reported markedly fewer hot flushes (only one
of which was statistically significant), the num-
ber of initial hot flushes per day was 77.2,s0
7.6,s4 and5.7.a7 As with the supplement trials,
these values are also on the high end.

In contrast, the number of initial hot flushes
per dav for women in the soyfood trials that
did not report decreases was7.3,ss 6.6,58 3.9,4e
3.7,51 3.4,67 and2.2.s2 Furthermore, of these six
studies, the one with the highest initial hot
flush frequency (7.3/day) involved breast can-
cer patients, one third of whom were taking ta-
moxifen.5s Consistent with the hypothesis pro-
posed here, that soy/isoflavones are effective
in women who have more frequent hot flushes,
are the results from two trials that examined
only severity, neither of which reported bene-
ficial effects of soyfoods. Women in these two
trials reported initiai values of 0.8453 and 1.356
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on a three-point severity scale (0, none; 1, mild;
2, moderate; 3, severe). Although it is not pos-
sible to directly translate degree of severity into
frequency, it wouid appear that women in
these two groups were not terribly bothered by
their symptoms.

Figure 1 presents the correlation between ini-
tial frequency of hot flushes and treatment ef-
ficacv (i.e., the absolute percentage change in
the soy/isof'lavone group minus that in the
control/placebo group). Based on a simple re-
gression analysis of the whoie (see Table 1 and
text for reasons four additionai trials were ex-
cluded from analysis) data set (13 trials), there
was a statistically significant relationship (P :
.01) between initial hot flush frequency and
treatment efficacy. More specifically, initial hot
flush frequency explained about 46% of the
treatment effects, and hot flush frequency de-
creased about 5% (above placebo/control ef-
fects) for every additional initial hot flush per
day in women whose initial hot flush frequency
was 25. Assuming a20o/" placebo effect, these
findings indicate, for example, that women
having approximately 10 hot flushes per day
who begin to consume soy or isoflavones can
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expect to experience a redr.rction of about 4.5
hot flushes per day, whereas women with an
initial 7 hot flushes per day will experience a
reduction of about 3 hot flushes per dav. Fur-
ther analysis of covariance (clata not shown)
suggested that treatment efficacy was greater
in those trials utilizing a parailel, rather than a
crossover, design. There is no ohvious reason
whv efficacy would be greatcr in thc .pa-rallel
trials, but the observation that effrcacy is
greater in women with more frequent hot
flushes is certainly biologically plausible if
greater frequency reflects a lower estrogen sta-
tus. In this type of hormonal environment, the
estrogen-iike properties of isoflavones may be
more apparent.

Civen the significant correlation between fre-
quency and efficacy, the recommendation by
the FDA that trials'examining the efficacy of
drugs for menopausal symptom relief include
women with more than 60 moderate to severe
hot flushes per week is particularly germane.6T
Trials adhering to such guidelines would ob-
viously place them at the very highest fre-
quency level among women in the soy /
isoflavone trials included in this review. In fact,
all four of the trials meeting this recommenda-
6on50,60,62.6a found statistically significant ben-
eficial effects of soyfoods/isoflavones. Never-
theless, at least three caveats need to be cited
when evaluating the hypothesis that the effi-
cacy of soy/isoflavones is related to irritial hot
f-lush frequency"

First and foremost, the finai analysis in-
cluded only 13 data points. Second, four trials
that did not show efficacy were among those
excluded from the correlation. Two trials in-
volving breast cancer patientsss,se were ex-
cluded on the premise that breast cancer pa-
tients (regardless of tamoxifen use) may
respond differently to soy and isoflavones than
healthy women do. Whether this is the case is
a matter of debate.6e Two trials that examined
only severity were also exclr"rded because of the
lack of .lu1u.'r3,s6 Third, in a small subgroup
analysis, Burke et aL.67 failed to find that
women with four or more hot flushes per day
responded differently to soy than did women
with fewer hot flushes per day (the average
number of hot flushes per day was 7.4 in the
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placebo group and 9.0 in the soy group)"
Among women with more frequent hot flushes,
the freqtrency decreased by 59.5"/" and 62.29L in
the control and soy groups, respectively.6T
I{owever, it is clear that with a placebo effect
this large, a modest effect of soy may have been
obscured.

it shoulcl be noted that the correlation as cal-
crrlated leaves open the possibility that soy/
isoflavones Could actuälly increase hot flushes
in women with infrequent hot flushes. But this
appears doubtful, and the findings from the
three trials that actuaily reported relatively
large increases relative to the control/placebo
groupsae,s2,65 were likely a result of chance.
Two of these three trials involved only 11 sub-
jects in each study arm.4e'65 The other trial52 in-
volved perimenopausal women, a difficult
group to study because of fluctuating hormone
levels and because perimenopausal women are
reported to experience a higher placebo re-
sponse than postmenopausal women.70 Also,
the primary endpoint of this particular trial
was bone mineral density; the data on hot
flushes were collected retrospectively.

Furthermore, ii is important that ali three tri-
als that reported increases in hot flush fre-
quency relative to placebo also noted decreases
in comparison to the baseline values in the
soy/isoflavone groups. In the perimenopausal
trials2 and in the trials by Dalais et al.ae and
Hochanadel et a1.,65 hot flush frequency de-
creased by approximately I7o/",22o/", and 12u/",
respectively, relative to baseline values.'Ihere-
fore, in contrast to other SERIVIs such as ta-
moxifen71,72 and raloxifene,T3 there is no evi-
dence to suggest that soyfoods or isoflavones
exacerbate hot flushes.

Finally, trials examining the impact of
isoflavones derived from red clover provide
sorrre support for the hypothesis that soyfoods
and soybean isoflavones are effective primariiy
in women with frequent hot flushes. Van de
Weijer et a1.20 found that Promensil'D reduced
hot flush frequency to a statistically significantly
greater extent than did placebo. To be enrolled
in this trial, women had to have at least 5 hot
flushes per day. The authors suggested that the
failure of previous trials to show that red clover
isoflavones were efficacious mav have occurred
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because of the inclusion of women who were
only mildly svmptom u1ir.22'23

CLINICAL RELEVANCE

One might question the clinicai relevance of
the soy/isoflavone effect because those trials in
which soy/isoflavones were effective mostl;4
reported decreases of less than 20% compared
with the inactive arm. Clearly, the effects are
less than that of estrogen.Ta However, for at
least three reasons this degree of improvement
should not be dismissed. First, in women with
severe symptoms, any improvement is likely
to be welcomed. Furthermore, it is not just the
soy/isoflavone effect that needs to be consid-
ered, but also a possible placebo effect ac-
companying the act of using soyfoods or

. isoflavone supplements, such that the overal l
improvement is l ikely to be as high as 50%.
For women who are having ten hot flushes per
d.ay, five per day may look very appealing.
Second, some women are likely to experience
above-average responses; for these women,
soy/isoflavones may be very effective" And
third, an intriguing but still speculative body
of research suggests that isoflavones and
isoflavone-rich soy protein may have skeletal
benefitsTs-78 and may also reduce coronary
heart disease risk by improving arterial com-
piiance26 and f low-mediated di lat ion.2T Of
course, soy protein also has a modest choles-
terol-lowering effect.Te

Thus, there appear to be several reasclns for
menopausal women to ingest isoflavones
through foods or pil1s. Importantly, there is no
reason to suspect that isoflavones pose any of
the disease risks observed in the HERS I/II and
WHI trials.8O Consequently, although health
professionals should take a guarded approach
and emphasize that the data are inconsistent
and the effects are likely to be modest, they can
in good conscience recommend that their
clients with frequent hot flushes try soy /'
isoflavones for relief of their symptoms. In re-
spect to dose, based on the results from the hot
flush trials and from studies examining other
possible benefits, an initial dose of 50 mg
isoflavones per dav can be recommended, with
an uppei '  l imit of approximately 100 mg/day.

MESSINA AND HUGHES

FUTURE RES.EARCH

In view of the hypothesis suggested in this
paper, future lrials involving soyfoods and
isoflavone supplements are warranted but
shouid focus on women who have frequent hot
flushes. In addition, within a given trial, investi-
gators should examine whether there exists a
correlation betr,veen initial hot flush frequency
and the exten't of reduction of symptoms among
trial subjects. Parenthetically, it may be possible
to do this type of analysis retrospectively, using
the raw data from existing frials. Although it is
unlikely that any single future trial will be suffi-
ciently large to prove or disprove the proposed
hypothesis, the results from several smalier tri-
als, even if the findings are not statistically sig-
nificant, can help to establish whether injtial hot
flush frequency is related to efficacy. 

'

ideaily, trials should be large enough to also
consider the impact of isoflavone metabolism
on efficacy. A recent Japanese cross-sectional
study of 180 women given a standardized
questionnaire to evaluate the severity of
menopausal symptoms found that those who
produced equol (from the action of intestinal
bacteria on the soybean isoflavone daidzein,
occurring in approximately 30"h to 50"/o of those
who consume soyfoods) recorded the least se-
vere symptomology.sr Therefore, investigators
should establish whether efficacy differs ac-
cording to equoi production" Some research
suggests that equol is more estrogen-like than
its parent isoflavone daidzein, which could ac-
count for this observation.82-8s There are also
large variations in serum isoflavones among
subjects in response to the intake of simiiar
amounts of jsoflavones.2s'85 Therefore, serum
isoflavone levels or perhaps isoflavone excre-
tion should also be considered as a possible
variable affecting efficacy.

Finaily, it would be interesting to determine
whether isoflavones are more effective at pre-
venting the onset of hot flushes when con-
sumed before the menopause (rather than alle-
viating them once they have already begun).
This might account for the very low incide.nce
of hot flushes in Japan. Although this hypoth-
esis would obviously be quite difficult to test
clinically, additional epidemiological research
could provide sonre insight.



SOY AND HOT FLUSHES

ACKNOWLEDGMENT

The authors acknowledge Sam Sun from the
Archer Daniels Midland Comoanv for his sta-
t ist ica I contrib utions.

REFEITENCES

1. Brandi ML: Phytoestrogens alci rrienopir:sse. Enriron
T ox ico I P h arma co I 1,999 ;7 :273-27 6.

2. Vincent r\, Fitzpatrick LA: Soy isoflavones: Are they
useful in menopause? Matlo Clin Proc 2000;75:1774-
1 184.

3. Eden JA: Managing the menopause: Phyto-oestrogens
or hormone replacement therapy? Ann Med 2001;33:
+-6.

4. The role of isoflavones in menopausal health: con-
sensus opinion of The North American Menopause
Society. Menopause 2000;7 .215229.

5. Elkind-Hirsch K: Effect of dietary phytoestrogens on
hot flushes: Can soy-based proteirs substitute for tra-
ditional estrogen replacement therapv? Menoprtuse
2001;8:154-156.

6. Glazier MG, Bowman MA: A review of the evidence
for the use of phytoestrogens as a replacement for tra-
ditional estrogen replacement therapy. Arch Intern
Me d 20 01. ;1 6 I :77 6t :117 2.

7. Fr;rrke AA, Custer LJ, Cema CM, Narala K: Rapid
HPLC analysis of dietary phytoestrogers from legumes
and from human urine. Proc Soc Exp Biol Med 1995;
208:18-26"

8. Murphv PA, Song T, Buseman G, et a1.: Isoflavones
in retaii and institutional sov foods. I Agric Food Chem
1999;47:2697-2704.

9. Grady D, Herrington D, Bittner V, et al.: Cardiovas-
cular disease outcomes during 6.8 years of hormone
therapy : Heart and Estro gen/ Progestin Replacement
Studv follow-up (HERS II). IAMA 2A02;288:49Ä7.

10. Hulley S, Furberg C, Barrett-Coruror E, et al.: Noncar-
diovascular d.isease outcomes during 6.8 years of hor-
mone therapv: Heart and Estrogen/Progestin Replace-
ment Stu dy f ollow- up (HERS II). J ALVIA 2A02 ;28 I 5&46 "

11. Writing Group for the Women's Health Initiative In-
vestigators: Risks and benefits of estrogen plus pro-
gestin in healthv postmenopausai women: Principal
results from the Womm's Health Initiative random-
ized controiled trial. I AMA 2002;288:32713.

12. Kuiper GG, Lemmen JC, Carlsson B, et al.: Interaction
of estrogenic chemicals and phytoestrogens with
estrogen recep tor b eta . En tl o cr itt o I o gy \998 ;139 : 4252-
1263.

13. Kurzer MS, Xu X: Dietarv phytoestrogens. Aflnu Rea
l, ' lutr 1997 ;77:353€81.

14. Kurzer MS: Hormonal effects of soy in premeno-
pausal women and men" I i,lutr 2002;132:570S-5US.

15. Brzezinski A, Debi A: Phvtoestrogerls: The "natural"
selective estrogen receptor modulators? Eur I Obstet
Gyneco I Reprod Bio I 7999 ;85-17-5i .

16. Die1 P, Olff S, Schmidt S, Michna H: Molecular iden-
tilication of potential selective estrogen receptor mod-
uiator (SERM) like properties of phytoestrogens in the
human breast cancer cell line MCF-7. Planta Med
2001;67:510514.

17. Setchell KD: Soy isoflavones: Benefits and risks from
nature's selective estrogen receptor modulators
(SERMs). I Am Coll Nutr 2007;20:3545-68; discussion
381S-383S.

18. North FM, Sharples K: Changes in the use of hormone
replacement therapv in New Zealand from 1991-i997.
N Z Med J2007;174:250153.

19. Newton KM, Buist DS, Keenan NL, Anderson [4,
LaCroix AZ: Use of alternative therapies for meno-
pause symptoms: Results of a populafion-based sur-
vey . Obstct Cynecol 2002;100:1825.

20. van de Weifer P, Barentsen R: Isofiavones from red
clover (Promensil(R)) sigrificantly reduce meno-
pausal hot flush symptoms compared with placebo.
Mlturitas 2002;42:787 "

21. Jeri A: The use of an isoflavone supplement to relieve
hot flushes. The Femcrle Patient 2002;27:3517 "

21 " Baber RJ, Templeman C, Morton T, Kelly GE, West L:
Randomized nlacebo-controlled triai of an iso{lavone
supplement and menopausal symptoms in women.
Climacteric 1999 ;2:8542.

23. Knight DC, Howes JB, Eden JA: The effect of Promen-
sil, an isoflavone extract, on menopausal symptoms.
Climsct et'ic 1999 :2:7 9 4 4.

24. Fugh-Berman A, Kronenberg F: Red clover (TrifoLitm

pratense) for menopausal women: Current state of
knowledge. Menopause 2007;8:333137 .

25. Setchell KD, Brown NM, Desai P, et al.: Bioavailabil-
ity of pure isoffavones in healthy humans and analv-
sis of commercial soy isoflavone supplements. I Ntrtr
200 1;1 31 : 13625- 1375S.

26. Nestel PJ, Yamashita T, Sasahara T, et aL: Soy
isollavones improve systemic arterial compliance but
not piasma lipids in menopausal and perimenopausal
women. Arterioscler Thromb V nsc Biol 1997 ;77 :33923398 .

27. Squadrito F, Altavilla D, Morabito N, et ai.:The effect
of the phytoestrogen genistein on plasma nitric oxide
concentrations, endothelin-1 levels and endothelium
dependent vasodilation in postmenopausal women.
Athero sc lero si s 2002 ;1 63:339347 .

28. Davis JN, Kucuk O, Djuric Z, Sarkar FH: Soy iso-
flavone suppiementation in healthy men prevents
NF-kappaB activation by TNF-alpha in blood l",rn-
phocytes. Free Radic Biol Med 2007;30:7293-1302.

29. Djuric Z, Chen G, Doerge DR, Heilbrun LK, Kucuk
O: Effect of soy isoflavone supplementation on mark-
ers of oxidative stress in men and .,vomen. Cuncer Lett
2007;172:14.

30. Uesugi T, Fukui Y, Yamori Y: Beneficial effects of soy-
bearr isoflavone supplementation on bone metabolism
a:rd serum lipids in postmenopausal Japanese
women: A four-r,veek sfudy" J Am Coll Ntrtr 2002;2I:
97-10?.

31. Kuiper GG, Carlsson B, Crandien K, et al.: Compari-
son of the ligand binding specificity and transcript tis-



10

sue distribution of estrogen receptors alpha and beta.
Endo cr ino lo gy 1997 ;138:863 47 0.
An J, Tzagarakis-Foster C, Scharschmidt TC, Lomri
N, Leitman DC: Estrogen receptor beta-seiective
transcriptional activity and recruitment of coregula-
tors by phytoestrogens. I Biol Chem 2007;276:77808-
17871.
Shao ZM, Shen ZZ, Fontana JA, Barsky SH: Genis-
tein's "ER-dependent and independent" actions are
mcdiated through ER pathways in ER-positive breast
ca rcinoma c ei i,;r res. zi r ; i tc: r rn c e r Re s 200 0 ;20 :2409 -247 6.
Adlercreutz H, Hamalainen E, Gorbach S, Coldin B:
Dietary phyto-oestrogens and the menopause in
japan. Lancet 1992;339 :1233.
Lock M: Menopause in cultural context. Exp Cerontol
7994;29:307117.
Lock M: Contested meanings of the menopause.
ILt n c e t 7992 ;337 :I27 0 -127 2.
Obermeyer CM: Menopause across cultures: A review
of tl-re evidence. Menopause 2000;7:784-192.
Bouiet Ml, Oddens BJ, t.ehert P, Vemer HM, Visser
A: Climacteric and menopause in seven South-east
Asian countnes. Maturitas 1994;79:.157 :17 6.
Chung TK, Yip SK, Lam P, Chang AM, Haines Cl: A
randomized, double-blind, placebo-controlled, cross-
over study on the effect of oral oestradiol on acute
menopausal sv mp torns. Matur it ns 199 6 ;25 :I 15) 23.
Gold EB, Stemfeld B, Kelsey JL, et al": Relation of de-
mographic and lifestyle factors to svmptoms in a
multi-racial/ethnic population of women 40-55 years
of age. Am J Epidemiol2000;152:463173.
Wtr AI{, Pike MC: Dietary soy protein and hormonai
status in fernales. Am I Clin Nutr 7995;62:151-153.
Nagata C, Shirnizu H, Takami R, et al.: Hot flashes
and other menopausal s).rnptoms in relation to soy
product intake. Climacteric 1999 ;2:612.
Nagata C, Takatsuka N, Kar,vakami N, Shimizu H: Soy
product intake and hot flashes in Japanese women:
Results from a community-based prospective study.
Am I Ep i d em i o I 2001 ;153 :7 90 -79 3.
Somekawa Y, Chiguchi M, Ishibashi T, Aso T: Sov in-
take related to menopausal s1'rnptoms, serum iipids,
and bone mineral density in postmenopausal Japan-
ese women. Oltstet Gvnecol 2001;97:709-175.
Loprinzi CL, Barton DL, Rhodes D: Management of
hot flashes in breast-cancer survivors. Lancet Oncol
2007;2:199-204.
Pan Y, Anthony MS, BirLns M, Clarkson TB: A com-
parison of oral micronized estradiol with soy phy-
toestrogen effects on tail skin temperatures of ovariec-
tomized tats. M enop ause ) 001, ;B:17 7-17 4.
Murkies AL, l,ombard C, Strauss BJ, et al.: Dietary
flotrr supplementätion decreases post-menopausal
hot f-lushes: FJfect of soy and wheat. Maturittts 1995;21,:
189-r 95.
Brzezinski A, Adiercreutz H, Shaoul li, et al.: Short-
term effect of phytoestrogen-rich diet on post-
menopausai women. Menopause 7997 ;4:894 4.
Dalais FS, Rice GE, Wahlqvist M1,, et al.: Efferts of di-

MESSINA AND HUGHES

etary phvtoestrogens in postmenopausai women.
Climac t er ic I99 8 ;7'.724-129.

50. Albertazzi P, Pansini F, Bonaccorsi G, et al.: The ef-
fect of dietary sov supplementation on hot flushes.
Obstet Gynecol 7998;97:6-1I "

51. Washburn S, Burke GL, Morgan T, Anthonv M: Ef-
fect of soy protein supplementation on serum iipopro-
teins, blood pressure, and rnenopausal symptoms in
perimenopausal women " N'ienop ause 7999 ;6:7 JL3.

52. St. Germain A, Peterson CT, Robinson JC, Aiekei DL:
Isoflavone-rich or isofl.avone-pot.i' suy p|ote'iir does
not reduce menopausal symptoms during 24 weeks
of treatment. Menopause 2007 ;8:77 26.

53. Kotsopoulos D, Dalais FS, Liang Y-L, Mccrath BP,
Teede HJ: The effects of soy protein containing phy-
toestrogens on menopausal symptoms in post-
menop ausal women. Clima c te r i c 2000 ;3 :7 61-7 67 .

54. Knight DC, Horves JB, Eden JA, F{owes LG: Effects
on menopausal symptoms and acceptabiütv of
isoflavone-containing soy powder dietarv supple-
mentation. Climacteric 2001 ;4: 13-18.

55. Van Patten CL" Olivotto IA, Chambers GK, et ai.: Ef-
fect of sov phvtoestrogens on hot flashes irr post-
menopausal women with bteast cancer: A rantlom-
ized, controlled clinical trial. / CIin Oncol 2002;20
1449-i455.

56. Balk JL, Whiteside DA, Naus C, DeFerrari E, Roberts

|lvl: A pilot study of the e{fects of phytoestrogen sup-
plementation on postmenopausai endometrium. / Soc
G qne co I [nu e s t ig 2002 ;9 :238-242.

57. Burke GL, Legault C, Anthony M, et al.: Soy protein
and isotlavone effects on vasomotor symptoms in
peri- and postmenopausal women. IAbstract.l / Nrrfr
2002;i32:600S.

58. Woods M: Soy protein and hot flashes. 2002; Unpub-
Iished data. [Personal communication.]

59. Quella SK, Loprinzi CL, Barton DL, et al.: Evaluation
of soy phytoestrogens for the treatme'nt of hot flashes
in breast cancer survivors: A North Central Cancer
Treatment Group Trial" / CIin Oncol 2000;i8:1068-
I U / + .

60" Upmalis DH, Lobo R, Bradley L, et a1"". Vasomotor
symptom relief bv soy isoflavone extract tablets in
postmenop:rusal vvomen: A rnulticenter, double-
blind, randomized, placebo-controiled study. Meno-
pause 2000;7:236242.

51. Scambia G, Mango D, Signorile PC, et al.: Clinical ef-
fects oi a standardized soy extract in postmenopausal
womeni A pilot studv. Menopause 2000;7:105-1i1.

62. Han KK, Soares JN'I, Haidar MA, Rorlrigues de Lima
C, Baracat EC: Benefits of soy isoflavone therapeutic
regimen on menopausal syrnptoms. Obstet Gtlnecol
2002;99389194.

63- Albert A, Altabre C, Baro F, et al.: Efficacy and safety
of a phvtoestrogen preparation derived from Clycine
max (1,") Merr|n climacteric symptomatoiogy: A mul-
ticentric, open, prospective and non-randomizecl trial.
P hy t o nt e d i c ine 2002 ;9 :85 42.

64 Faure ED, Chantre P, Mares P: Effecis of a standard-

/

32.

J J .

a i

35.

36.

, ) / .

38.

39.

40.

41 .

. 1 . )

, |  ?

4.1

46

n a+ /

ilE

49.



1,"1,
SOY AND HOT FLUSHES

ized soy extract on hot flushes: A mulficenter, dou-

ble-bLind, randomized, placebo-controlled study'

Me no p ar.t s e 20A2;9 :329 13 1.

65. Hochanadel G, Zhdanova I, Spiers P, Maher T, Shifren

J: Soy isoflavones (phytoestrogens) in the treatment

of the cognitive and somatic symPtoms of meno-

pause. Proceedings of the 47th Annual Meeting of tJre

Pacific Coast Reproducfive Society, Carlsbad, CA,

Aprll i6, 7999.
66. Nagata C, Takatsuka N, Kawakami N, Shirnizu H: A

,1 .1'1.l ic;r-). ir l i":e cohort study of soy product intake and

stomach cancer death. Br I Cancer 2002;87:3746'

67. Burke GL, Legault C, Anthony M, et a1': Soy protein

and isoflavone effects on vasomotor symptoms in

peri- and postmenopausal women: the Soy Estrogen

Alterna riv e S tu dy. M e no p aus e 2003 ;1, 0 :I 47 -153 .

68. FDA HRT Working Croup: Guiclelines for clinical

evaluation of combination estrogen,/ progestin-con-

taining drug products used for hormonal replacement

therapy of postmenopausal women Menopause 1995;

2:I3I-136.
69. This P, Magdeienat H: Phytoestrogens arnd adju'vant

endocrine treatment of breast cancer. I CIin ancal

2000;182792-2793.
70. Simon JA, Stevens RE, Ayres SA, Phelps KV: Peri-

menopausal women in estrogen vasomotor triais:

Contribution to placebo effect ancl eificacy outcome'

Climacteric 200]^ ;4:19 Q7 -

71. Dav R, Ganz PA, Costantino JP, et a1.: Health-related
qualitv of life and tarnoxifen in breast cancer Preven-
üon: A rePort from the National Surgical Adjuvant

Breast and Bowel Project P-1 Study" J CIin Oncol

7999 ;17'.2659-2669 .

72. Love RR, Cameron L, CorLnell BL, Leventhal H: Symp-

toms associated with tamoxifen treatment in post-

menopausal women. Arch Intern Med 1997151:.7842'-

1887.
73. Walsh BW, Kuller I-Ii, Wilc'l RA, ei al.: Effects of ra-

loxifene on serum iipids and coagulation factors in

healthy postmenopausal women. JAMA 1998;279:

74451457.
74. Macleruran A, Lester S, Moore V: Oral estrogen re-

placement therapy versus placebo for hot flushes: A

sys tema tic review. Cl inu c t e r ic 200 1 ;4:58-7 1.

75. Potter SM, Baum JA, Teng H, et aI.: Sov protein and

isoflavones: Their effects on blood lipids and bone

density in posfmenopausal women. Am J C.lin I'lutr

1998;68:73755-1Y9S.
76. Alekel DL, Gerrnain AS, Peterson CT, et al': Iso-

t1avone-rich sov protein isolate attenuates bone loss

in the lumbar spine of perimenopausal women' Am I
CIin N utr 2000 ;72:844452.

77. Arlmandi BtI: The role of phytoestrogens in the pre-

venlion and treatment of osteoporosis in ovarian hor-

mone deficiency. / Am Coll lJutr 200L;20:3985-^1025;

dscussion, 47754205.
78. Morabito N, Crisafull i  A, Vergara C, et ai.: Effects of

genistein ar,d hormone-repiacement therapy on bone

loss in early postmenopausal women: A randomized

rlouble-Lrlild plae,ei;',,'.wirlcilt:c! study. J Bone Miner

Res 2002;77:79041912-
79. Anderson IW, Johnstone BM, Cook-Newell ME:

Meta-analysis of the effects of soy Protein intake on

serum lipids. N Engl J Med 7995;333:276282'

80. Messina M: Sovfoods and sovbean isoflavones and

menopausal health. t'lutr Clitt Care 2002;5:272282'

81" Uchiyama S, Ueno T, Shirota T: The relationship be-

t\,veen sov isoflavones and the menopausal symptoms

in Japanese perimenopausal women" [Abstract'] Anr

Ntür Metab 2001;45:1 13.

82. Sathyamoorthv N, Wang T'T: Differential effects of dj-

etary Phyto-oestrogens daidzein and equol on human

breast cancer MCF-7 cells. Eur J Cancer 1997;33:2384-

2389.
83. Shutt DA, Cox RI: Steroid and phyto-oestrogen bind-

ing to sheep uterine recePtors in vitro l Endotrinol

1972;52:299-370.
84. Watanabe S, Yamaguchi M, Sobue T, ei ai ': Pharma-

cokjnetics of soybean isoflavones in plasma, urine and

feces of men after ingestion of 60 g baked soybean

powder (kinako). I Nutr 7998;728:7710-1715"

85. Setcheti KI), Brown NIvI, Lydeking-Olsen E: The ciin-

icai importance of the metabolite equol: A ciue to the

effectiveness of soy and its Lcoflavones' I Nutr 2002;

13235771584.
86. Busby MC, Jef{coat AI{, Bloedon LT, et al': Clinicai

characterislics and pharmacokinetics of purified sov

isoflavones: Single-dose administration to health;r

men. Ant I CIin llutr 2002;75126*1"3C

Address reprint requests to:
Mark Messinn

439 Calhom Street
P ort ' l 'outnsend, W A 9 8368

E- mail : markm@olYmPus-net



JOURNAL OF IVIEDICINAL FOOD
J Med Food 8 (3) 2005. 327-:331
O Mary Ann Liebert, Inc. and Korean Society of Food Science and Nutrition

INTRODUCTION

/-\oxsuverroN oF soy pHyroESTRocENS is associarcd with
\-,beneficial health properties similar to endogenous es-
trogens.t For example, estrogens improved skeletai muscle
cell membrane integrity, and decreased energy loss.2 In ad-
dition. the estrosenic compound estrone stimulated cell pro-
liferation, while l7p-estradiol (Ez) had no efTect on prolif-
eration.3

Estrogen receptors (ERs) have been quantified in both
smooth4'5 and skeletal2'5 muscle cells. ERB is expressed in
smooth muscle cells and is likely the receptor type respon-
sible tbr improved cardiovascular health in the presence of
E2. ERs have also been lbund in skeletal muscie ceiis, but
have yet to be identified as ERa or as ERp.:t Recently
mRNA for ERB has been quantified in human skeletal cells,
but no difference in transcriot level could be attributed to
gender.6

Soy isoflavones contain a phenolic ringT and show dis-
tinct agonistic and antagonistic properties on ERa and
ERB.8 Genistein has been reporred to inhibit L8 myoblast
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ABSTRACT Soy isoflavones display estrogenic activity in humans and anrmals. and thus are referred to as phytoestrogens.
This study was perfbrmed to observe the effects of the soy isot'lavones genistein, daidzein, and glycitein on cell cultures of
rat skeletal rnuscies. [iH jThymidine incorporation wus used to determine cell proliferation, while protein synthesis and degra-
dation were determined by tracking radiolabeled leucine. For the prolif'eration studies, insulin, estradiol, genistein, daidzein,
or  g lyc i te in was supplemented at  0,  0.04,  0.08,  0.  1 6,  0.3 1 ,  0.63,  L25,  2.5,  5,  1 0,  or  20 g,M, respect ively,  or  in combinat ions
with f inal  concentrat ions of  0,0.1,  1,  or  l0 prM. Geniste in reacted most srmi lar iy  to estradio l .  inhib i t ing prol i ferat ion at  > l
pM (P <.001 ) .  A combinat ion of  phytoestrogens resul ted in s igni f icant  inhib i t ion of  cei l  prol i ferat ion,  but  not  to the extent
observed with genistein alone. For the protein synthesis and degradation experiments, treatments of O.l p,M dexamethasone
or I pM concentrations of insulin, genistein, daidzein, or glycitein were used. Phytoestrogens did not inhibit or srimulare pro-
te in degradat ion or  synthesis (P > .05).  A one-ta i led univar iate analysis of  var iance revealed a t rend (P < . l )  in  protein sr inr-
ulation with genistein and glycitein treatments. These results suggest that the tyrosine kinase inhibiting activity of genistein
may be affecting phosphorylation of the mitosis-promoting factor, preventing the advancement of the mitotic cell cycle. [n
addition. at higher total combined concentrations. daidzein and glycitein may be able to outcompete geni.stein ttrr recepror
sites. These results suggest that soy isoflavones in the diet may potentially modulate normai growth and deveiopment in hu-
mans and antmals that ingest soy-based products.
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prolii-eration" fusion, and myotube protein synthesis.e
whereas genistein, daidzein, and glycitein have successfully
inhibited proiiferation of smooth muscle cells"r{) In this
study, rat L5 skeletal muscle cells were used to assess soy
phytoestrogens' effects on cell proiiferation, protein degra-
dation, and protein synthesis.

MATERIALS AND METHODS

Rat L6 myogenic cell lines were acquired from Ameri-
can Type Culture Collection (Manassas, VA)" Reagents
were purchased fiom Sigma Chemical Co. (St. Louis, MO)
uniess otherwise specified. Cell lines were grown to 807o
confluency in 75-cm2 t'iasks beibre passaging and plating.
All cuitures were maintained at957o air/S%o CO2 at 37"C tn
Dulbecco's Modified Eagle Medium (DMEM) witb l07o fe-
tal bovine serum (FBS)" Cell culture procedures and analy-
ses were tbllowed as previously described.i l '12

Experiments l-3 examined cell prolif'eration, Experiment
4 examined protein degradation, and Experiment 5 exam-
ined protein synthesis stimulation or inhibit ion. The media
for Experiment I consisted of DMEM with FBS supple-
mented with insulin, estradiol (82), genistein, daidzein, and
g l yc i t e i n ,  a t  0 ,0 .04 ,0 .08 ,0 .16 ,0 .31 ,  0 .63 ,  1 .25 ,5 ,  10 ,  o r
20 p.M concentrations, respectively. 

'Ihe 
medium fbr Ex-

periment 2 was DNIEM with FBS rvith individual phyto-
estrogens or in combination. Final concentrations included
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FIG. l .  Graphical  representat ion of  the prol i ferat ive response of  L6 rr t  myoblasts to increasing dosages of  insul in ( lns) ,  E:  (Est) ,  genlste in
(Gen).  daidzein (Dai) ,  and glyc i te in (Gly) .  Points wi th d i t l 'erent  |et ters were s igni f icant ly  d i f ferent  (P < .0001).  For 0 and 25 p.Ll ,  n:  12,  SE -

2 . 2 3 ; f o r O . M p M , O . 0 8 p . M . 0 . 1 6 p . M , 0 " 3 l p t M . 0 . 6 3 p M , 5 p t M ,  l O p " M , a n < l  2 0 p " M . n  - 6 , S E = 3 . 1 9 ; f o r 2 . 5 p t M , n - l 1 . S E - 2 . 0 7 .

0. I, 1.0, or l0 ptM concentrations of genistein. daidzein, or
glycitein, respectively, or combined in the naturally occur-
ring proportion of 459c genistein -t 45Vo daidzein * l07o
glycitein. To determine the effects fbr each phytoestrogen
within combination levels, a third proliferation study was
performed. Experiment 3 consisted of DMEM with FBS plus
the combination treatment of 45Vo genistein * 457o
daidzein + l07o glycitein at 0, 0.1, 1.0, and lO pM final
concenlrations. In addition, the phytoestrogens were ob-
served as their respective proportion of the combination.
Genistein and daidzein were used at 0.045, 0.45, and 4.5
pM; corresponding concentrations for glycitein were 0.01,
0. l, and 1.0 St M,respectively. Media for Experiment 4 con-
sisted of 2 mful Leu-DMENI with 27o FBS alone or supple-
mented with I pM E2. l p.lvI genistein, I p.M daidzein. I
prM glycitein, I pM daidzein" I p.M glycttein, or 0.1 ptul
dexamethasone. Treatments tested in Experiment 5 were
DMEM plus 27o FBS alone or supplemented with 1 p,M in-
sulin, 0. I pM dexamethasone, and I pM E,, with I pM
genistein. I p,M daidzein, or I p"M glycitein, respectively.

Data were analyzed using analysis of variance (ANOVA)
using the General Linear Model (GLM) of the Statistical
Analysis System (SAS; SAS Institute Inc., Cary, NC, 1999).
Treatment and trial were set as independent variables, while
percentaee of control was set as the dependent variable. A
6 X I I factorial design was used for calculation of F val-
ues tbr protein degradation trials, for treatmelrt, trial, and
treatment X trial effects. For protein synthesis trials, a 6 x
6 täctorial design was used for calculation of F values; treat
ment, trial, and treatrnent X trial effects were tested. Posl
ftoc analyses wer-e determined using the PDiff function of
SAS,

When significance was detected fbr degradation, results
were analyzed by one-way ANOVA using SPSS version
10.0 fbr Windows (SPSS. Inc., Chicago, IL), with post hoc

analysis with Tukey's Honestly Significant Difference test
and Schefl'6's test. For synthesis trials, results were analyzed
using a one-tailed univariate ANOVA (with percent protein
formation stimulation/inhibition as the dependent variable.
and treatment as the independent vzuiable) for a significance
level of P -- .1 .

RESULTS

Cell proliferation trials were conducted with concentra-
tions of experimental supplements ranging from 0 to 20 p"M.
Resuits of all tnals were analyzed as percentages of non-
supplemented controi. At all concentrations analyzed, in-
sulin signilicantly stimulated proliferative activity of L6
cells (Fig. l). Concentrations of E2 and genistein over 2.5
p.M had inhibitory (P.< .0001) effects on proiit'eration (0,
1.25 p.M, n:  12,  SE -  2"23:0.04 p.M,0.O8 p.M,0.16 pM,

0  0 . 1  1  1 0

Concentrat ions,  uM

FIG. 2. Effect of single and combined lComb; .l5olo genistein (Cen),

45a/o daidzein (Dai), and 1}a/o glycitein (Gly)l phytoestrogens at var-
ious concentr-at i rxs on prol i f 'erat ion of  rat  L6 myoblasts.  Points wrth
di f ferent  let ters indicate s igni f icant  d i f t 'erences (P <.0001) wi thrn u
concentrat ion (n :  3.  SE -  0."+22 5.58).
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genistein, 157o daidzein" and l07a glycitein proportions at
0,0. I, 1.0" and l0 i.r,M. However, the individual isoflavones
were evaluated at concentrations reflecting their respective
proportion in the combined treatment- (Fig. 3). Once again,
the 10 g.M combined treatment reduced cell proliferation
(P < .001), and genistein alone reduced cellular prolifera-
tion more than the combined treatment. No inhibition of ceil
proiiferation was observed at 0.1 or I pM combined trsar-
ment or the ihdividual isotlavones for these concentratlons.

In Experiment 4, protein degradation was evaluated (Fig.
4). Averaged values of inhibition/stimulation of protein
degradation tbr individual treatments were standardized to
percentages of control (27o FBS + 2 mM Leu-DMEM). An
initial analysis by sum of squares, with a 6 x I I factorial
design, indicated that there were difIerences (P < .05) due
to replicate and treatment. Results were then analyzed us-
ing one-way ANOVA, withposl ftoc Tukey's Honestly Sie-
nificant Difference and Scheff6's tests (P < .05). Post hoc
anaiysis revealed that insulin inhibited (P < .05) protein
degradation while the isoflavones did not affect proteirr
degradation.

Analysis of the protein synthesis data revealed that there
were no dif'ferences (P > .05) due to treatment or replicate
(Fig. 5). However, a one-tailed univariate ANOVA revealed
(P : .l) trends due to treatment. Dexamethasone tended to
inhibit (P : .057) protein synthesis compared with E2 and
the isoflavones, whereas genistein and glycitein treatments
tended to stimulate (P : "087) compared with controls.

DISCUSSION

The soy phytoestrogens genistein, daidzein, and glycitein
have diverse effects on cellular activity. Genistein inhibits
cellular prolil'eration in non-estrogen-induced cancer cells
at concentrations of I pM and greater. This might be due to
the inhibiting potential of genistein, a krown receptor tyro-
sine kinase inhibitor. l3 At the beeinning of the cell cycle. a

FIG. 5. Craphical representation of percent protein synthesis stim-
ulat ion or  inhib i t ion by I  p"M concentrat ions of  insul in ( lns) ,  E:  (Est) ,

geniste in (Cen),  daidzein (Dai) ,  and glyc i te in (Gly)  and () .1 1tM con-
centrution of dexamethasone (Dex). Dex treatment results were dif-
ferent  f iom those of  Est ,  Cen. Dai ,  and Gly (P =.057,  SE :9.92).

Gen and Cly showed t rends in st imulat ion (P < .087.  SE -  9.92).
Letters indicate trends observed when compared with control"

A B C'* ' r '  J  :

Concentrations, uM

FIG. J. Effect of single and combined JCombl ,l5olo genistein (Gen),
45o/o d.tidzein (Dai), and lOdlo glycitein (Cly)l phytoestrogens at var-
ious concentrations on proliferation of rat L6 myoblasts (P < .001).
Point A (0 pM) was the r:ontrol. Point B treatment levels were 0.045
pM Cen,0.O45 p"tVt Dai, 0.01 p.M Cly, and 0.1 p.M for the combina-
tion. Point C treatmen! levels were 0.45 1tM Cen, 0.45 ptM Dai,0.l

1t"M G'ly, and 1.0 pM for the combination. Point D treatment levels
we re4 .5  p lV lCen ,4 .5  p .M  Da i ,  1 . 0  p ,h lG l ' y , and  l 0p& / f o r t hecom-
binat ion ( l l  -  4,  SE -  0.35-1"62).

0 . 3 1  p . M . 0 . 6 3  p " M , 5  p M ,  l 0  1 t M , 2 0  p " M ,  n : 6 ,  S E :
3.19',2.5 p.M, n: 14, SE : 2.07). In cell prolif 'eration tri-
als of comparison plates with 0,0. I, 1.0, and 10 p.M con-
centrations of genistein, daidzein, and glycitein or with a
combination treatment (457o genistein + 459a daidzein *
107o glycitein, yielding final concentrations of 0.1, 1.0, and
l0 y"M total supplementation; Fig. 2), genistein inhibited
(P < .0001) proiiferation at 1.0 and 10 p"M concentrations
(n : 3, SE : 0.422-5.58) when compared with equimolar
isoflavones. At a l0 pMlnJ- concentration, the combination
treatment inhibited (P < .001) proliferation compared with
daidzein and glycitein alone, but not as profoundly as genis-
tein at this highest concentration (n: 3, SE : 0.422-5.58).

ln Experiment 2, the isoflavones alone and in combina-
tion were compared at equimolar final concentrations. To
better understand an individual isoflavone's contribution in
the combined inhibition of cell proliferation, another prolif-
eration experiment was conducted. In this experiment, the
combination treatments were repeated keeping the 45Va

FIG. 4. Results of the protein degradation trials, with I p.M con-
centrat ions of  insul in ( lns) ,  E '  (Est) ,  geniste in (Gen),  daidzein (Dai l .

and glycr te in (Gly)  and 0.1 phl  concentrat ion of  dexamethasone
(Dex). Signiäcant dit-ferences are indicated by an asterisk (P < .05).
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two-subunil complex is composed of cyclin B and Cdcl, the
mitosis-promoting I'actor. The mitosis-promoting factor
complex must be properiy phosphorylated and dephospho-
rylated on tyrosine and threonine sites for the cell cycle to
advance. At0.7 p"glmL genistein had a halt--maximal etfect
on receptor fyrosinc kinase inhibition.l3 If genistein can act
to inhibit tyrosine kinases, it is possible that genistein acts
via the fyrosirrr: .15 .rrt^,n ' thl.rr.itosis-promoting factor com-
plex to inhibit the cell cycle. thus inhibiting proliferation.

Cell proliferation observed in the current study does not
coincide with another studyr where E2 had no effect on pro-
liferation in L6 skeletal muscle cells ln vitro. Here, E2 had
an inhibiting e{Tect on these skeletal muscle cells. There
were ditTerences in the protocols that might account tbr these
dissimilar findings. In the previous study.l serum-free, phe-
nol red-free medium was used for prolilbration trials. In the
present study cells were incubated at a minimal presence of
27o FBS, in phenol red-containing DMEM. It is possible that
the use of phenol red-containing DMEM might have ac-
centuated the ef'tect of E2. Cells were also completely serum
deprived in the study by Kahlert et al.,t whlTe in the present
study cells were incubated in 27o FBS, to insure that celis
would maintain viability. Preliminary trials here with com-
plete serum deprivation resulted in little cell prolit'eration
across all treatments, even with insulin treatment (data not
shown). The length of serum deprivation differed as well.
Kahlert et al.3 conducted a 24-hour serum deprivation, while
cell cultures were serum deprived for only 16 hours here.
These slight changes may account tbr the differences ob-
served.

The actions of daidzein and glycitein can be speculated
upon. Individually, these two phytoestrogens may not have
strong affinity fbr binding sites when compared with genis-
tein. Kuiper et al.ta found that genistein competes with E2
lor binding to the ER, with pref'erence to ERp over ERa.
However, the observation that glycitein had little effect on
proliferation is unexpected. Song et ul.ts suggested that
glycitein may be more physiologically active than previ-
ously thought, having a relatively strong binding aifinity to
ERs. Thus. the little to no response seen here was unex-
pected. Perhaps daidzein and glycitein have preferential
binding tbr ERp over ERcr, or vice versa. As the ERs have
not been clearly identified in skeletal muscle cells, this could
account for the response seen here ifone ER is more preva-
lent than the other receptor.

Insulin's action on protein turnover is documented.l6'17
In protein synthesis, insulin stimulates, while in degradation
insulin inhibits. In the present study insulin had an inhibitory
et'fect on protein degradation. but had no et'fect on protein
synthesis. Further analysis of passage number, an indicator
of cell age, was analyzed as a possible correiation in the pro-
tein degradation trials. No evidence suggested that cell age
influenced protein degradation resuits. As no prior research
has been conducted concerning the effects of estrogen or the
respective phytoestrogens on protein turnover, it is dift lcult
to determine the norm. In the present study, even though
there was a trend observed with genistein and glycitein treat-

ment in protein synthesis, there were no significant effects
due to the treatment with E2 or the phytoestrogens on pro-
tein turnover. Possible implications of this study include the
potential for aftecting t'etal development and human health.
If phytoestrogens cross into the bloodstream to gestating
subjects, skeletal muscle cell. as well as sniooth muscie ceil,
development could be modified. If cellular proliferation is
inhibited by Jhe presence pf genistein'in ., 1:-r.. i l  ,;:uld be
possible that embryonic cellular proliferation during devel-
opment could be altered as well. Phytoestrogens could also
mimic the membrane protecting activities of estrogen; then
skeletai muscle cells would be more resistant to damage dur-
ing exercise because of improved muscle cell membtane in-
tegrity. Indeed, these izl vilro results suggest that soy
isotlavones may potentially modulate growth and develop-
ment in humans and animals that ingest soy-based products.
Future research should focus on the potential in vivo bene-
flcial and/or detrimental effects of the soy isoflavones on
growth and development.
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Abstract

Phytoestrogens have been described to be weak estrogens, SERMs or exhibit antiestrogenic properties. However, information about therr
activity in presence of estrogens is limited. Therefore, we have analysed the dose dependent combinatory activity of the phytoestrogens
genistein (Gen), daidzein (Dai) and coumestrol (Cou), and l7ß-estradiol (E2) on cell proliferation and apoptosis induction in human MCF-7
breast cancer cells. Neither additive nor antagonistic eff-ects on proliferation could be observed, but in contrast all phytoestrogens possessed
the ability to inhibit apoptosis in the presence of I 7ß-estradiol.

In summary our in vitro results demonstrate that Gen does not exhibit any antiestrogenic properties" The additive growth stimulatory effects
of Gen, Dai and Cou in the presence of E2 are not the result of a stimulation of prolit'eration; these phytoesfogens, at least in MCF-7 cells.,
could be characterised as inhibitors ofapoptosis.
O 2005 Elsevier Ltd. All rights reserved.

Keywonls: Phytoestrogen; Genistein; Daidzeinl Coumestrol; Combinatory effect

1. Introduction

Effects of phytoestrogens on human health are very
controversy debated. On one hand, it has been described
that the intake of these compounds may protect against
hormone-dependent cancers Il and their use is propagated
as a natural alternative to hormonal replacement therapy [2].
On the other hand, the potential risks, like action as endocrine
disruptors 13l, are still a matter of discussion. Although it
is known that the estrogenic potency ofthese substances is
rather low compared to endogenous or synthetic estrogens,
information about their activity in presence of those estro-
gens is limited. To classiff distinct phytoestrogens as weak
agonists, selective estrogen receptor modulators (SERMs)
or antiestrogens, it is essential to study their action also in
the presence of endogenous estrogens. Therefore, we have

* Conesponding author. Fax: +49221 4982ß7A.
E-mail address; diel(@dshs-koeln.de (P Diel).

0960-0760/$ - see lront matter.ö 2005 Elsevier Ltd. All rights reserved
doi: I 0. i 01 6/j.jsbmb.2004. I 2.042

examined the dose-dependent effects ofthe phytoestrogens
genistein (Gen), daidzein (Dai) and coumestrol (Cou) in
comparison to 17fJ-estradiol (E2), fulvestrant (Ful) and
raloxifene (Ral) by analysis of the cell cycle distribution and
apoptosis induction in human MCF-7 breast cancer cells.
In addition, we have analysed whether the phytoestrogens
interfere with the activity of estradiol by co-treating the cells
with E2 and the test compounds. Cell cycle distribution and
apoptosis induction was analysed by using flow cytometry.

2. Materials and methods

17ß-Estradiot, genistein and coumestrol were provided
by Sigma Aldrich (Steinheim, Germany). Daidzein was ob-
tained fiom Biomol (Hamburg, Germany). Fulvestrant was
provided by Zeneca (Zeneca Pharmaceuticals, Macclesfi eld,
U K) and raloxifene was provided by the Schering AG ( Berlin,
Germany). The minimum purity of all used phytoestrogens
was 980,6.
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MCF-7 human breast cancer cells were cultured as
descnbed previously [4). E2, Ful and Ral were added
from a concentrated stock solution [0-rM] in ethanol;
Gen, Dai and Cou liom a concentrated stock solution

[10 
3 M] in DMSO. The cells were cultured for five days

wi th E2 [0-r l - l0- toM] or  Ful ,  Ral ,  Gen,  Dai  and Cou

[0 
8-19-s M]. Part 2 of the study was performed by co-

treating MCF-7 cells with E2 [0 
l2-10 l0 M1ancl Gen, Dai

and Cou [0-6 M]. The antiestrogen Ful was added in a con-
centrat ion of  [10-7 M] and [0-6 M] to E2 !0- i0  Ml .  Cel ls
were cultured in CCS medium (charcoal-treated calf serum)
two days before the administration of the test compounds to.
exclude estrogenic effects via medium. Experiments were re-
peated at least five times. Flow cytometry was performed as
described before [4]"

3. Results

Effects of genistein, daidzein and coumestrol on cell cy-
cle distribution and apoptosis induction were analysed in hu-
man NICF-7 cells by flow cytometry. 17ß-Estradiol, the pure
antiestrogen fulvestrant and the SERM raloxifene served as
ret'erence compounds.

In Table I the applied concentrations of the compounds
and meantstandard deviation of S, G1, and G: phases,

Table I
Cell cycle analys:is of MCF-7 cells after dose-dependent administration of E2 (fl0- ' '- l0 I 0 M ] 1  a n d C c n . D a r . C o u . F u l  a n d R a l ( a l l  1 t 0 - E  t 0  5 M l ; : . r + s ,

n  >  \ .

Apoptosrs Cell cycle

Sub Co [%] s te6l Gr [9/o] c2 [/o]

which result in 100%, are presented. Sub Go values represent
the percentage ofapoptotic cells from the entirely ofcells.

Our results demonstrate that administration of the inves-
tigatedphytoestrogens in doses lower than !0-6 Ml (Fig. l)
induces only a weak stimulation of prolit-eration. In contrast,
at higher concentrations |0-5 M]. all phytoestrogens are
potent stimulators of proliferation. Administration of Ful has

rlrir:{io''iirl,.plir i antiestrogenic properties of th i s substance
.no effects on pioliferation, büt results in a dose-dependent

induction of apoptosis. Interestingly the phytoestrogens
effects on apoptosis result in a u-shaped doses response
curve. All phy.toestrogens posses the ability to inhibit the
rate of apoptosis at doses of [t0 

b M] and even at doses
where they are unable to stimulate proliferation !0-7 M].
In contrast, administration of the phytoestrogens in very
high doses !0-5 Ml results in an induction of apoptosis.
Cou displays a prolitbration/apoptosis profile similar to 82.
Taken together, the maximum effects of the phytoestrogens
on the rate of apoptosis occur at doses of I l0-6 M1, *her"os
the strongest effects on prolil'eration appear at [0 

5 M].
To investigate combinatory effects of the phytoestrogens

and E2 on apoptosis and proliferation, MCF-7 cells were
co-freated with E2 and Gen, Dai and Cou. As a control, cells
were also co-treated with combinations of E2 and Ful. The
combined application of Ful with E2 reveals a strong and
significant rise in apoptosis and a reduction in prolil-eration

tMl
CCS

E2

Ful

l 0 -  r 3

l 0  r 2

l 0 -  r 0

I  0 -E
l 0  7

I  0-6
l 0  ,

I  0 -o
l 0 ' - 7
l 0  6

l 0  5

1 0 3
t 0  7

l 0  6

l 0  5

t 0 -  8

I  0-7
l 0  6

t 0  5

i 0  ' '

I  0 - l
l 0  6

I  0 -5

Ral

Gen

Dai

3 3 . 1  +  3 . 6

38.4 + 4.3
37.4  +  I  t .0
r 7 . 8  +  1 . 6

38.0 i  0.7
4 5 . r  +  1 . 8
49.3 t 0.8
53.8  +  0 .6

19.3  A 0 .8
r 8 . 2  +  r . 5
2.6.2 L 0.9
2 1 . 6  t  l . l

34.2 + 9.2
26.2 + 6.0
z : . +  t  ) .  1

26.2 + 2.9

42.2 ! 9.2
23.0 t .1.0
l9 . l  +  10 .0
2 1 . 4  +  8 . 3

29.3 + 7.3
18.6  +  7 ,6
14.1 + 6.2
29.3  +  3 .9

t L . t  t  z . L

10.8  +  4 .4
14.5 + 4.5
18.6  +  3 .6

10.6 t 0.4
r 1 . 0  t  L 8
9.3  t  0 .9

| 1 . 5  +  r . t

9 . 1  +  l . l
7 .3  +  0 .6
9 . 9  t  2 . 1

l 2 . r  +  r . 5

13.8  +  2 .4
1 3 . 7  +  1 . 9
1 2 . . /  L  J . )

23.t + 8.2

14.0  |  1 .5
1 6 . 2  +  5 . 3
t -s .3  +  t .6
20.2 L 2.8

t2 .9  +  2 .8
1 6 . 0  +  1 . 7
l '1 .4  +  2 .9
1 9 . 3  +  2 .  l

70 .3  +  1 .6

7 r . 4  f  3 . 9
70.? + 3.5
62.4  +  1 .2
'76.6 + ).3
14.3  +  2 .2
8 1 . 2  +  0 . 2
79.4 + 0.5

82"7  +  1 .8
83.0  +  t . ,1
79.0 + 7.2
78.,1 + 2.8

69.9 + 2.8
70.4 + 3.4
69.6  i  3 .5
6 1 . 4  +  2 . 1

72.5  +  2 .2
66.-l + 4.2
67.-r + 3.9
60.9 + 2..1

70.0  +  1 .2
61 .0 + 3.3
65.8  {  2 .6
62. t  +  2 . ' I

l 7 l * 1 . 6

r 7 . 8  +  2 . 6
1 5 . 5  +  2 . 9
ls.0 t  2. '7

12 .8  + .2 .1
14.6 + 0.7
9 . 5  +  L t
9 .0  +  0 .8

8 .2  +  0 .8
9 . 7  +  l . l

1  l . l  +  0 . 3
9 . 6 + 1 l

16.3 + 2.?.
16 .0  +  3 .9
t 7 . 8  +  4 .  l
1 5 . 6  +  6 . 6

1 3 . 6  +  1 . 5
1 7 . 6  +  3 . 1
I  / . )  i  J . J

1 8 . 9  +  2 . 6

1 7 . 2  +  r . 8
r 7 . l  +  1 . 5
1 6 . 9  +  4 . 4
1 8 . 7  +  3 . 1

Cou
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Fig.  l .  Apoptosisandprol i ferat ionaf ters ingletreatment"Rateofapoptosisandcel lprol i lerat ionofMCF-Tcel lsäf terdose-dependentadministrat ionofE2
([ |0 13-10- l0M])  and Ful ,  Ral ,  Gen, Dai  and Cou (al l  [0 

8-  I0 5 M]) ;  the rate of  apoptosis rs indicated by the percentage of  Sub Cs nucle i  oFal l  nucle i
measured. The rate of apoptosis in the CCS control group was defined ns I . Cell proliferation is indicated by the percentage of cells in the S phase of the cell
cycle. The rate of prolif'eration in the CCS group was defined as l. Asterisk (*) means signilicant against CCS control group (P < 0,05), Mann-Whrtney U-Test.

in comparison to CCS control. In all groups co-treated with
E2 and the investigated phytoestrogens, a reduction of the
rate of apoptosis could be observed (Fig. 2). This elTect is
significant against CCS control group at least for the combi-
nation of E2 [0-lo p11 with the phytoestrogens in a dose of

I l0-6 M]. In contrast to apoptosis, co-treatment with E2 and
the phytoestrogens does not effect prolif-eration significantly.
There is only a tendency for an increase of proliferation;
however this effect is not significant against CCS control.

4. Discussion

Because data about the activiby ofphytoestrogens in pres-
ence of estrogens is limited, the major aim of this study was
to examine the combinatory activity of phytoestrogens and
l7ß-estradiol (E2) in vitro. As mentioned above, Cou shows a
prolit-eration/apoptosis prof,le similar to E2. ln agreement to
previous investigations [5], these data indicate pure agonistic
properties of this substance. Interpretation of the prolifera-
tion/apoptosis profiles of Gen and Dai is more complicated.
At doses up to [0*6 M], they mainly act as inhibitors of
apoptosis, comparable to the effects of the SERM Ral. These
data are also in agreement to own previous data [5] and results
of other groups [6], demonstrating SERM like properties of
these compounds. ln comparison to the pure antiestrogen ful*
vestrant none of the tested phytoestrogens demonstrate any
profile indicating antagonistic properties. This is verified in
our combination experiments.

Co-treatment of MCF-7 celis with different doses of E2
and the respecfive phytoestrogens [ 0-6 M] resulted in none
of the used combinations in any antagonisation of the E2 ac-
tivity (Fig. 2). The rate of prolif-eration was not atlected by any

of the phytoestrogen/E2 combinations. Howeveq like shown
for single administration, effects could be observed for the
combinations with regard to the rate of apoptosis (Fig. 2A)"
Co-treatment of MCF-7 cells with E2 and Gen, Dai or Cou
resulted at least in the combination with E2 [0 

l0 M1 itt a
significantly enhanced inhibition of apoptosis (F'ig. 2A)"

Summarising the data of our experiments, there is clear
evidence that the analysed ph1'toestrogens are not able to
antagonise the effects of E2 in MCF-7 breast cancer cells. All
phytoestrogens are acting additive with respect to inhibition
of apoptosis, but only Cou also with respect to proliferation.
These results are in agreement to previous data indicating a
very low potency at least of Gen to induce proliferation in the
uterus [7]. In addition, they provide a mechanistically basis
to understand controversy data with respect to the eff-ects of
phytoestrogens on proliferation of MCF-7 breast cancer cells.
Recently, two articles i8,9] describe a strong induction of
MCF-7 cell growth after treatment with Gen. However,
in none of these presented studies reference cornpounds
were analysed simultaneously, and the investigators did
not distinguish between the ell'ects on apoptosis and cell
proliferation. Our results demonstrate that Gen and Dai
posses only a limited ability to induce prolif'eration at doses
higher than Ii0- 

6 M], but they inhibit the rate of apoptosis,
which can serve as an explanation for an increase of cell
number----without a si gnifi cant stimulati on of proliferation.
Whereas, Gen and Dai only show the ability to inhibit
apoptosis l ike the SERM Ral . 'Cou also stimulates simul-
taneously prolif'eration. This is again an argument to classify
Gen and Dai as PhytoSERMS and Cou as a phytoagonist.
Inhibitory efTects on apoptosis were also detected in the
MCF-7 combination experiment!. demonstrating that this
propefly of the investigated phytoestrogens is also relevant
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8or - 
ARlRtosis

Fig. 2. Apoptosis and prolil 'eration after co-treatment. Rate oi apoptosis (A) and cell proliferation {B) of MCF-7 cells after co-treatment with E2
([  l0 r ] -  |  0 r0 M];  and Cen, Dai .  Cou feach I  l0-6 M]) ,  respecr ively,  E2 (10 r0 Ml)  wi th Ful  ( l l0  8 -  10-7 Ml) ;  the rare of  apoptosis is  indicated by the
percentage ofSub Go nuciei ofall nuclei nreasured. Cell prolifbratron is indicated by the percentage ofcells in the S phase ofrhe cell cycle. Asterisk (*) melns
significant against CCS control group (P < 0.05), Mann-Whitney l/-Test.

in the presence of E2. Wrth regard to this, the results of Acknowledgement
our investigations are in the line to data of tumor models,
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showing an enhanced promotion of tumor growth in the
presence ofphytoestrogens and low levels ofestrogens [0].
Summarising the results of our combination studies in MCF-
7 celis, we can conclude that the investigated phytoestrogens
do not inhibit the growth of MCF-7 cells by antagonising
the growth stimulating effects of E2. ln contrast, in MCF-7
cells phytoestrogens seem to stimulate the increase of cell
number. Interestingly, this increase is not the result of a
stirnulation of proliferation; it is the consequence of the
inhibition olthe rate of apoptosis. In any case, these results
support the hypothesis that phytoestrogens may stimulate
the progression of an existing estrogen sensitive tumor.

'fhis 
study was supported by the Deutsche F'orschungsge-

meinschaf t  (DFG)  Grant :  D I  7  l6 i9 -1 .
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New Estrogenic Prenylflavone from Epimedium
brevicornum Inhibits the Growth of Breast Canee,n,,",
Cells

Abstract

Estrogens maintain female sexual health. The hormone also
drives the growth ofestrogen receptor (ER) positive breast tu-
mors, and ER modulators, l ike tamoxifen, are used to reduce tu-
mor recurrence. To identify phytoestrogens with possible
health benefits, we screened several Traditional Chinese Medi-
cines and encountered an extract from the leaves of Epimedium
brevicornum (EB), with strong (ECs': 1.3 pglmL) and specific ER-
stimulatory activity. lt increased estrogen-responsive human
breast cancer cell proliferation at low doses, but paradoxically
caused profound inhibit ion of growth at higher doses. Using
bioassay-guided fractionation, we isolated and characterized a

Sook Peng Yapl

Ping Shenl
Mark 5. ButleP

Yinhan Congl

ChöngJin Loy'

Eu Leong Yongt

new prenylflavone, breviflavone B, which exerted biphasic sti-
mulatory and inhibitory effects on breast cancer cell prolifera-
tion, mimicking the effects of EB. In contrast to estradiol and
geniste in,  h igh doses ( t  2  pM)of  brev i f lavone B a lmost  e l imin-
ated ERo protein; a process that may be mediated through in-
creased proteasome degradation. Pre-clinical studies are need-
ed to explore whether these prenylflavones are of value in es-
trogen-deficiency states and for prophylaxis ofbreast cancer"

Key words
Epimedium brevicornum. Berberidaceae . prenylflavone . estro-
gen.  receptor '  ant i -pro l i ferat ion.  breast .  cancer

Introduction

Phytoestrogens are plant-derived non-steroidal compounds that
can behave as estrogen mimics. Flavonoids make up the most
common form of phytoestrogens and are sub-classified on the
basis of structural features into flavones, isoflavones, stilbenes
and lignans [1]. lsoflavones, l ike soy-derived genistein, are the
best-known flavonoids and they typically exhibit weak estro-
genic activiry but because of their consumption as basic foods,
may be stoichiometrically sufficient to compete with endogen-
ous estrogen and be pharmacologically active. Estrogens acting
via estrogen receptors (ERa and ERB) are crit ical in the pathogen-
esis of breast cancer and selective estrogen receptor modulators
(SERMS), l ike tamoxifen, have important roles for the chemopre-
vention and treatment of this common malignancy [2]. Epide-

miological evidence suggests that plant derived-estrogens ingest-
ed with food may have beneficial effects in the prevention of
breast cancer and for the treatment of post-menopausal prob-
lems [3 ] .

The dried aerial parts of Epimedium brevicornum Maxim. (Yin

Yang Huo: Berberidaceae) are a widely consumed TCM herb
that is bel ieved to benefi t  condit ions described as " impotence,

seminal emission, weakness of the I imbs and cl imacteric hyper-
tension" [4].  More than 130 compounds have been isolated from
Epimedium subspecies, including f lavones l ike icari t in, quercetin,

luteol in, apigenin and their glycosides; prenylf lavones l ike yin-
yanghuo A - E; and phytosterols l ike p-sitosterol [5].  Compounds
and extracts of Epimedium have been reported to have anti-pla-
telet [6],  anti-hepatotoxic [7],  osteoclast-enhancing [8],  neuro-
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nal-stimulatory [9] and cytotoxic [10] properties using in vitro
cell lines, ano to enhance lymphocyte proliferation in an in vivo
mouse model [ 11 ]. To our knowledge, no study on the estrogenic
properties of EB has been reported. Our study showed that the
new prenylflavone, breviflavone B, isolated from the leaves of
EB paradoxically regulated breast cancer cells proliferation, and
the molecular mechanisms underlying this inhibitory action
were explored in this study.

Materials and Methods

Authentication and genetic profiling ofbotanical raw
materials
Dried leaves of Epimedium brevicornum Maxim. were obtained
from a local TCM retailer (Eu Yan Sang International, Singapore)
and its genetic identiry compared to authenticated reference ma-
terials provided by Prof Liu Ruoyung from the Helbarium of He-
nan TCM College, Henan, P.R. China. Authenticity of herbal raw
materials was checl<ed by amplifoing DNA sequences in the ribo-
somal ITSI -5.8S-ITS2 region using conserved plant sequences as
primers [12]. Voucher specimens (SBG-E802-040720) have
been deposited in the Singapore Herbarium.

Measurement of steroidogenic activity
Sample preparation: Dried leaves of EB (300 g) were extracted
rwice with EtOH (2 L each) at 37"C for I week. The dried EB
EIOH extract  was re-d issolved in MeOH:HrO (9:1)and par t i -
tioned three times with hexane. The MeOH extract was dried un-
der vacuum and re-dissolved in EIOH to the desired concentra-
tion for subsequent experiments.

Hormone-driven reporter-gene bioassays: Briefly, HeLa cells were
transiently co-transfected with 50 ng plasmids encoding either
human ERa or ERB plus 100 ng of an estrogen reporter plasmid
(MMTV-ERE LUC) comprising a luciferase reporter gene driven by
4 copies of the vitelogenin estrogen response element cloned into
the MMTV promoter [ 13 ]. Transient transfectior.rs for androgen re-
ceptor (AR), progesterone receptor (PR) and glucocorticoid recep-
tor (GR) were performed as described previously [13 ]" For peroxi-
some proliferator-activated receptor (PPARa and PPART) activity
assays, 25 ng of the respective Gal4ouo-PPARruo expression plas-
mids and 250 ng of pG5LUC were co-transfected into HeLa cells.
Luciferase induction responses for each treatment group were
expressed as fold-increase compared to vehicle treated cells. All
data points represented the mean t SE of at least three replicates.

Breast cancer cell proliferation assay
Breast cancer MCF-7 (ER+) cells, pre-conditioned in estrogen-de-
pleted MEM, were allowed to attach with overnight incubation,
followed by the addition of 200 pL of fresh culture media con-
taining one or more of the test samples at the desired concentra-
tion. After 6 days of incubation, cell proliferation was determined
based on the standard protocol for the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay. Cell
proliferation of the test compound-treated cells was expressed
as fold-increase in optical absorbance compared to that of etha-
nol-treated cells. ER-negative breast cancer cells (MDA-MB-231 )
were treated under identical conditions to serye as negative con-
trols. All the experiments were done in 6 replicates.

Purification and isolation of compounds 1, 2, and 3
The dried ethanolic EB extract (20.5 g) was reconstituted in
MeOH and eluted through a polyamide (Macherey-Nagel, Ger-
many) column (40.0 cm x 7.5 cm) with MeOH, the eluant (2.5 L)
was dried to yield a dark green solid (16.1 g) after rotary evapora-
tiorr. The solid was dissolved in MeOH, absorbed onto C18 (52 g,
Waters, USA) by rotary evaporation, the resulting solid added to
the top of a C18 column (40.0 cm x 7.5 cm) that was eluted with a
stepwise gradient from 0% (resulting mass 1.9 g), 30% (f .S g),
50%(2.8 g) ,70% (1.5 g) ,  90% (1.1 g)  to  100% MeoH in HrO ( .1.7 g)
(1 L each). The most active fraction was the 90% MeOH in HrO
fraction, which was separated by preparative HPLC using a Hy-
persil BDS C18 column (150 mm x 21.2 mm, 5 pm) at 16 ml/min
wi th a gradient  system of  MeOH-H2O (3 :2)  to  MeOH-HrO (9:  1)
in 15 min. iollowed by 8 min with 100% MeOH. Eleven lractions
were collected and tested for ERp activity. Of these, Fr. 6 and Fr. 7,
wi th e lut ion t imes f rom 1 '1.16-11.91 min and - l1 .92-13.17 

min,
respectively, exhibited highest ERp activity. In total, 20 separate
HPLC runs were performed to obtain 17.2 mg and '109.9 mg for Fr.
6 and Fr. 7, respectively. These were further fractionated by semi-
preparative HPLC. Fr. 6 was chromatographed with a Supelco RP
Amide C'l6 colurhn (150 mm x 10 mm, 5 pm) at 4 ml/min using a
gradient from ACN-HrO (1 :1)for l0 min followed by ACN-H2O
(3 :2) for l0 min to yield compound 2 (1.3 mg, Rt = 11.39 min).
Fr. 7 was separated with a Phenomenex Luna C18 column
(150mm x l0  mm, 5 pm) at  4 ml i  min us ing ACN-HrO (9:  11)  iso-
cratic solvent system to yield compound 3 (1.1 mg, Rt:8.53
min) and compound 1 (0.6 mg, Rt * 12.60 min).

Western blot analysis
The primary antibody used for immunoblotting was anti-ERrx
mouse monoclonal antibody (Novocastra Laboratories Ltd, New-
castle upon Tyne, UK), followed by anti-mouse secondary anti-
body conjugated to horseradish peroxidase. Proteins were de-
tected using an enhanced chemiluminescence Western blotting
analysis system [1a]. The intensities ofthe bands were quantif ied
by Scion imaging sofrware.

Statistical analysis
SPSS 9.0 (SPSS, Chicago IL) was used to pertbrm the data analy-
ses. Each data point in the steroid receptor reporter-gene and
cell-proliferation bioassays was the mean (t SE) of at least three
determinations. When the interaction was statistically signifi-
cant, the Student's f test was used to determine the statistical
significance of differences" All statistical tests were rwo sided. P
< 0.05 was taken to be significant.

Results

DNA profiling and authentication of raw materials
DNA was prepareci from EB samples obtained from the Singapore
retailer and from reference specimens supplied by the Herbar-
ium of Henan TCM College. Amplif ication by the polymerase
chain reaction of the 898 bp ribosomal lTSl -5.8S-ITS2 regions
was performed. There was 100% match in 9 polymorphic sites
(positions 112, 279, 299, 306, 493, 597, 607, 662, 680) between
the two sampies, confirming the genetic identity of the subspe-
cies. Ethanolic extracts from the Singapore retailer produced
consistently high and stable ER activiry over a period of 18
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months and subsequent experiments were performed using this
batch.

Estrogenic properties of EB extracts
Ethanolic extracts ofEB displayed significant ER activity that was
about 50% of that observed for a saturating dcrse cf estradiol, in
estrogen-driven reporter gene bicassays (Fig.1A). The effect of
ethanolic EB extracts on ERu was dose-dependent with an EC56
of 1.3 pglmL. The close-response c'iivli öi'nr was shifted to the
right with respect to estradiol and genistein, the ECrs ofestradiol
and genistein being 0.20 ngiml and 0.10pg/ml, respectively. EB
extract did not have any agonistic effect on AR, PR, GR, PPARa and
PPART reporter gene systems (Fig. 1B). At doses of EB < .10 

;rglml,
the ERa effects of EB extract predominates, whereas at higher
doses its ERp effects were more pronounced ( Fig. 1B). The effects
ofERo and ERB ofestradiol and EB can be blocked completely by
tamoxifen.

As expected, estradiol stimulated the growth of ERa-positive
MCF-7, but not ERd-negative MDA cells (Fig.2A). Strikingly, EB
extract had a dose-dependent biphasic effect on MCF-7 cell pro-
liferation. Low doses of EB extract from -< 30 pgiml significantly
increased cell growth. ln contrast, doses of EB from 50-200 1lgl
mL had a significant growth inhibitory effect (Fig.2B). Profound
suppression ofcell growth to below basal levels was observed at
doses > 100pg/ml in three independent experinrents. In ccni-
parison, estradiöl at 4 orders öf concentrations, f iom 10 pful ; lä"'

100 nM, continued to have stimulatory effects on MCF-7 cells
(Fig.2A). The inhibitory effect of EB was not due to non-specific
toxicity, as high doses of EB did not have any effect on the
growth of MDA-MB-23.1 cells (Fig.2B). Cenistein maintained
proliferative effects from 30 ngi mL to 5 pglml (Fig.2C). Thus,
high doses of EB extract can, unlike estradiol and genistein,
paradoxically inhibit the growth of estrogen-responsive breast
cancer cells.

Structure-function characterization of compounds 1,2 and 3
Compound 1 was identif ied as 3'-prenylapigenin (yinyanghuo D)
by comparison of the spectral data with l iterature values [61.

Compound 2, yellow powder, lal{: -2.16 (c 0.025, EIOH) gave a
molecular ion in the HR-ESI-MS [(M - Hf rn/z = 437;1631, ^mmu
3.1 ] consistent with the molecular formula CrrH26O7, cor-
responding to thirteen double bond equivalents" Analysis of the
NMR data (Table 1) readily identified the structure as a prenylfla-
vone similar in structure to 1, but differing in substitution of the
pendant aryl system" One symmetrical aryl group, two 1,1-disub-
stituted double bonds, fwo hydroxymethines, two olefinic me-
thyls and two benzylic methylenes were observed in rhe NMR
spectra (Table 1). Important HMBC correlations from ö = 6.52 to
121.0, ö = 7.59 to 39.0, and from ö = 2.94 to 160.5, 129.5 and
128.0 allowed the gross structure to be elucidated as 3',5,-di-(2-
hydroxy-3-methyl-3-butenyl)-apigenin and was named as brevi-
f lavone A (Fig.3)" The stereochemistry of 2 has not yet been elu-
cidated because of the small amount of sample left after biologi-
cal experiments. Breviflavone A exhibited minimal activity in the
ERa and ERB bioassays.

Compound 3, a yellow powder, la(: -a3.6 (c 0.003, EIOH), gave
a molecular ion in the HR-ESI-MS [(M-H) m/z = 437.1579"
dmmu 2..1 ] consistent with the molecular formula C25H26O7.
Comparison of NMR data of 1 [6], 2 and 3 (Tablel) indicated
that 3 was also a prenylflavone. Calculation of the molecular un-
saturation showed that in addition to the known three aromatic
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Table . l  rH-NMR and rrC-NMR data of compounds 2 and 3 (CD3OD, ö in ppm, / in Hz)

CIH No Compound 2 Compound i

ö;öt&

2

^,1

5
b

l

8

9

10

1 l

1 2

1 3

1 4

1 5

16

2 C H r - 1 6

1' ,

) '
I

4 '

)..
5',

.
5 '

I L6.0
104.0
, ' - . . . "
164.0

100.5

168 .0

9)-)

159 .5

104.0

39 .0

1 t - >

148 .0
t l f n

1 8 . 0

121"0
129.5
128.0
160.s

6 .52  (1H .  s )

6. i5 ( iH.  d, l  = 2.0)

6 ,40 ( lH ,d , I  -  2 , 0 )

2.94 (4H. m)

4.37 (2H, ddd.J = 4.0.4-0.3-4)

4.s2.4.8o(2H each,1 = 2.51

1 .80  (6H .  s )

7 .59  (2H ,  s )

166.2
.t 
04.0

|  ö J - 5

1  63 .1

100.3

167 .0
.95.2

159 .3

105,9

29.0

122.4.

1 34.5

l i . t

1 8 .  1

71.8

25 .1 ,25 .8

1,24-9

122 .8

131  . 5

163 .0

125.9

129.5

73,4

122 .4

6 "57 (1  H .  \ )

- ;

6.20 (r  H,  d.  |  = 2.1)

6.43(1H,d,J = 2. .1)

3.3e (2H, d,  J = 7.3)

5.36 (1H, m)

1.76 (3H. s)

1 .76  (3H .  s )

1 .23  (3H ,  s ) ,  1 . 30  (3H ,  s )

7,84 (1 H. brs)

7.67 (1 H, brs)

5,39(.1H, d.J = 42)

4 .36 (1H .  d . l  -  4 . 2 )

rings, there was another cyclic system in the molecule. The r3C-

NMR data of B ring showed a typical [1',3',4',5'-tettasubstituted
aromatic system (Table 1 ).  The presence of a ( 1-hydroxyl-1 -me-

thyl)ethyl-dihydrofuran moiety in the molecule was evidenced
by the  cor re la t ions  in  rH- ]H COSY [ö  =  5 .39  (1H,  d ,J  =  4 .2H2)
and ö  =  4 .36  (1H,  d , l  =  4 .2  Hz) , land Htu lBC spec t rum (ö  =  4 .36

J

Fiq.3 Structures c-rf  compounds 1 (yinyanghuo D;, 2 (brevif lavone A),
and 3 (brevif lavone B)

with ö = 25.3,25.8,73.4 and 163.0, ö = 5.39 with 6 = 71.8,122.8,

13'1.5 and 163.0). Comparison of the NMR data with a known pre-

nylf lavone, epimedokoreanin A [15], also confirmed that the di-
hydrofuran r ing was fused at C-3'and C-4'posit ions. The two
groups on the dihydrofuran ring were trons-oriented according

to theJ4. ' ,s-(4.2 Hz) [16]. Thus, combined analyses of MS, 1D and

2D NMR allowed for the gross structure of compound 3 to be 4'L

hydroxy-5 z( 1 -hydroxy-1 -methyl)ethyl-dihydrofuran-(2 ",3 ":3',4)-

5'-prenyl 5,7-dihydroxyflavone and named as breviflavone B
(Fig.3). Brevif lavone B exhibited strong ERa st imulatory activi ty

at higher doses, which was > 5-fold higher than that observed for

a saturating dose ofestradiol and > 2 fold higher than genistein

(P = 0.002) (Fig.zlA) The ER0 dose-response curve of brevif la-

vone B was shifted to rhe right with respect to genistein with a

maximal potency that was higher (P = 0.0071, Fig.4B).

Effects ofbreviflavone B on growth and ERdprotein

expression in breast cancer cells
The effects of breviflavone B on growth dynamics of breast can-

cer cel ls were studied. Genistein and brevif lavone B were able to

dose-dependently increase MCF-7 cel l  prol i ferat ion with an ECs6

of 20 nM and 200 nM, respectively (Fig.5A). Peak st imulatory ac-

t ivi ty of brevif lavone B was observed at a dose of 450 nM. How-

ever, higher doses (2.2 -6.6 pM) i-qhibited the growth of MCF-7

cel ls" This inhibitory effect was not observed with genistein as

its growth-stimulatory propefties were maintained from 0.03 -

18pM (Fig.5A). To determine the mechanisms of this biphasic
growth inhibitory effect, MCF-7 cells were exposed to brevifla-

vone B, genrstein, estradiol fol lowing which ER proteins were de-
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tected using ERcr specific antibodies. Exposure to estradiol alone
did not induce any change in ERd protein levels" Genistein sl ight-
ly reduced ERa levels. Interestingly breviflavone B inhibited ERa
protein expression strongly, reducing i t  to about 15 % of that ob-
served with vehicle only (Fig.58 comparing lanes 8 and 1). The
inhibitory actions of breviflavone B on ERa protein levels were
reversed in the presence of the proteasome inhibitor, lactacystin,
suggesting that proteasome degradation of the breviflavone B-
ERa complex was increased compared to estradiol-ERa (Fig.58,

compar ing  lanes  8  and 3) .

Discussion

Our screening ofTCM herbs led to the discovery ofthe unexpect-
ed hormonal properties of EB extracts. Unlike estradiol and gen-

istein, EB extracts have biphasic inhibitory effects on the growth

of breast cancer cells. Although the lack of effect on ER-negative
MDA cells suggests that this property is estrogen-driven, the un-
derlying molecular mechanisms were puzzl ing, as the normal re-
sponse of MCF-7 cel ls to estrogenic st imulat ion is increased cel l
division. Under our experimental condit ions, doses of estradiol
that were 1000-fold higher, respectively, than its saturating
dose were st i l l  st imulatory to MCF-7 cel ls. Similarly genistein

maintained its growth-inducing effects at doses that were up to
10O-fold higher rhan irs sarurating dose.

Purification steps using bioassay-guided column chromatogra-
phy and repeated preparative HPIC separations were performed

to define the chemical entities responsible for- estrogenic effects
of EB. The most potent bioactive compound isolated, brevif la-
vone B, was a prenylflavone. The effect of breviflavone B was re-
miniscent of EB extract (comparing Figs.2B and 5A) but at a
higher potency, suggesting that this effect of EB was mediated,
at least partiatly, through breviflavone B. ln contrast to isofla,

Yap 5P et al. New Esüogenic Prenylfl avone... Planta Med 20A5; 1 1 : 1 1 4 - 1 1 9

vones, flavones with estrogenic activity are uncommon. One re-
cently described class of bioactive flavones is the prenylflavones

[17]. An example is 8-prenylnaringenin, a strong phytoestrogen
from hops that shows binding activity to both estrogen receptor
isoforms [18], [19]. Naringenin is a prenylflavone that exhibits
partial anti-estrogenic activity in the i"emale rat uterus and
MCF-7 human breast cancer cells [20]. Breviflavone B displayed
high estrogenic activity and was able to both stimulate and in-
hibit the trowrl-i oi ft-rl"poniive breasL cancer cells. Ar high do-
ses, its peak potency is 3 - S-fold higher than a saturating dose of
estradiol" However unlike estradiol and tamoxifen. breviflavone
B can markedly reduce ERa contönt in breast cancer cells, a pro-
cess reversible by the proteasome inhibitor, lactacystin, indicat-
ing protein degradation through ubiquitin proteasome parh-
ways. In this respect, the action of breviflavone B resembles the
action of the pure anti-estrogen, ICI182,780 which binds ERo
with high affinity and induces a rapid proteasome-dependent
degradation of the receptor [21 ].

The finding that breviflavone B can markedly reduce ERa protein
Ievels suggests one possible mechanism for biphasic prolifera-
tive/anti-proliferative actions on breast cancer cell growth dy-
namics. At low doses, estrogenic stimulation predominates as
sufficient ERa protein is present for estrogenic drive to be exert-
ed, thereby increasing cell proliferation. At higher doses, estro'
genic drive and MCF-7 proliferation ceases as ERo protein is re-
duced to almost undetectable levels. Our data provided new me-
chanistic insights as to why phytoestrogens such as prenylated
flavonoids may be effective in prophylaxis against breast cancer.
It is possible that concurrent usage of such compounds with ta-
moxifen or raloxifene may enhance their effectiveness for breast
cancer prophylaxis since these SERMs increased, but brevifla-
vone B and its parent extract decreased, ERa levels in breast can-
cer cells" Preclinical studies are needed to explore whether the
paradoxical estrogenic/anti-estrogenic properties of these phy-

" 
pq],005

Fig.5 Fffects of
brevif lavone B and
genist€in on growth
and ERs protein ex-
pression in breast
cancer cel ls. A Prol i f-
erative effects of
brevif  lavone B (BB)
and genistein (Cen)
on MCF-7 cel ls. Cell
prol i ferat ion was
expressed as fold-in-
crease over vehicle
alone. Asterisks indi-
cate signif icant dif-
fe rences  (P< 0 .0001
to 0.004) compared
with vehicle alone. P
value indicates signif-
icant differences be-
tween genistein ond
breviflavone B at the
two highest doses. B
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Fig.4 Estrogenic
effects of genistein
(Cen) and brevif la-
vone B (BB). HeLa
cells were with tran-
siently transfected
with plasmids en-
coding either A ERc
or B ERp and the re-
porter gene MIVTV-
FRE-LUC. Each treat-
ment was per-
formed in tr ipl icate
and luciferase repor-
ter gene activity was
expressed as percent
of 1 nM estradiol.
Stat ist ical ly signif i-
cant differences be-
tween breviflavone
B and genistein at
the highest doses
are indicated" Aster-
isks indicate signif i-
cant increases in ER
activi t ies compared
to vehicle alone (P <
0.0001 to 0.028).
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or 

.l0 gM breviflavone B (BB) in the presence or absence of proteasome
inhibitor, lactacystin. MCF-7 cel ls and MDA-MB-231 cel ls treated witf i  ve-
hicle were used as positive and negative controls. Specific ERa protein
expression was deterrr ined by immunoblot analyses.



toestrogens may be harnessed for management ofestrogen defi-
ciency states and for prophylaxis of breast cancer.
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Abstract

Antioxidant species may act in vivo to decrease oxidative damage to DNA, protein and lipids thus'reducing the risk of
coronary heart disease and cancer Phytoestrogens are plant compounds which are a major component of traditional Asian
diets and which may be protective against certain hormone-dependent cancers (breast and prostate) and against coronary
heart disease. They may also be able to function as antioxidants, scavenging potentially harmfui free radicals. In this study,
the effects ofthe isoflavonoids (a class ofphytoestrogen) genistein and equol on hydrogen peroxide-mediated DNA damage
in human lymphocytes were determined using alkaline single-cell gel electrophoresis (the comet assay). Treatment with
hydrogen peroxide significantly increased the levels ofDNA strand breaks. Pre-treatment ofthe cells with both genistein and
equol offered protection against this damage at concentrations within the physiological range. This protection was greater than
that oft-ered by addition ofthe known antioxidant vitamins ascorbic acid and o-tocopherol, or the compounds 1 7B-oestradiol
and Tamoxifen which have similar structures to isoflavonoids and are known to have weak antioxidant properties. Thcse
findings are consistent with the hypothesis that phytoestrogens can, under certain conditions, function as antioxidants and
protect against oxidatively-induced DNA damage. O 2001 Elsevier Science B.V All rights reserved,

Keywords. DNA damage; Phyoestrogens: Antloxrdants: Diet

1. Introduction

Evidence suggests that oxidative stress is linked to
the aetiology of several chronic diseases, including
coronary heart disease [] and cancer l2]. Epidemi-
ological studies have shown that a diet that includes
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E- m ail addre ss ; j.woodside@qub.ac.uk (.J. V Woodside).

0921-8777i0115 see fiont matter O 2001 Elsevrer Science B.V All
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many fruits and vegetables is associated with a reduced
risk of these pathologies [3]. Observational associc-
tions have suggested a causal relationship mediated
by dietary antioxidants limiting lipid peroxidation and
DNA damage.

Phytoestrogens are organic plant compounds tbund
in soy products, legumes, fruits and vegetables, that

have been proposed to have many health benefits. In

countries fbllowing the traditional Asian diet, which
is rich in soy tbods and therefore, high in phyto-

estrogen intake, the relative risk ofbreast and prostate
cancer is five- to eight-fbld less than that of West-

rights reserued.
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ern populations [4]. However, the incidence of bfeast
and prostate cancers in Asian migrants and their off-
spring approaches that of indigenous Westerners, indi-
cating that diet has an important role in the aetiology
of hormone-dependent cancers [51.

The structure of phytoestrogens rescmbles .the
steroid hormone l7B-cestradiol and phy'toesi:,r,pns
can bind to the oestrogen receptor. The physiological
effects of these compounds are not confined, however,
to oestrogen modulation. Phytoestrogens may also be
able to function as antioxidant species. Genistein has
been shown to enhance antioxidant enzyme activity in
mice [6]. Wei et al. showed that genistein signiflcantly
inhibits phorbol ester-type fumour promoter-induced

HzOz tbrmation both in vitro and in vivo by inhibiting
the tbrmation of reactive oxygen species [7]. Genis-
tein also exhibits antioxidant activity by preventing
hemolysis of red blood cells by dialuric acid or hydro-
gen peroxide [8,9] and by protecting microsomal lipid
peroxidation induced by an Fer+ ADP complex [101.

It is accepted that in appropriate conditions virtually
all cell components, including the lipids, nucieic acids
and proteins, are all sensitive to damage by reactive

oxygen species. At normal oxygen tension these mech-
anisms are enough to maintain homeostasis, and even
though oxygcn lree radicais are produced, they are
efficiently removed. However, under circumstances oi.
increased oxidative stress, ftee radical concentration
can increase uncontrollably-

The single-cell gel electrophoresis (comet) assay
is a very simple, rapid and sensitive technique to
analyse DNA damage at the individual cell level and
specifically tbr detecting DNA strand breaks. Ihe
comet assay has been used in various studies to inves-
trgate the effect of reactive oxygen species on DNA,
and the protective effects of certain dietary antioxi-
dants [1 1,12]. It has been postulated that antioxidants,
mainly of dietary origin, may scavenge free radicals
and thus, limit the damage incurred by the DNA and
therefore, protect against mutagenesis and cancer [ 13].

'Ihe 
aim of this study was to determine whether hy-

drogen peroxide-induced oxidative damage in human
lymphocytes could be reduced by tbe phytoestrogens
genistein and equol, compared to the known antiox-
idant vitamins ascorbic acid and a-tocopherol. Two
compounds known to be weak antioxidants, and of
sirnilar structure to phybestrogens, l7B-oestradiol and
Tamoxifen [14,15] were also included tbr comparison.

2. Materials and methods

All chemicals were obtained tiom Sigrna (Poole.

Dorset) unless otherwise stated. Equol was obtained
from Apin Chemicals Ltd. (Oxon).

2. l. Lvmphocyte separation

Human lymphocytes were isolated liom a healthy
female donor (non-smoker aged 26). Fasting blood
was collected into vacutainer cell preparation tubes
containing sodium citrate as anticoagulant and Ficoll-
Flypague (Becton Dickinson). The sanrples were
then centr i fuged at 3000rpm at 25"C for 20min.
The lymphocytes tbrm a layer directly above the
Ficoll-tlypaque in the vacutainer. They were removed,
washed with fresh cold tissue culture medium and
then centrifuged lbr 5min at 2000rpm. The cell pel-

let was re-suspended in tbetal calf serum (containing

l0% DMSO), al iquoted and stored at -80"C unti l ' re-
quired. The cells were diluted down to a concentration

of 2.5 x 10" cel ls/mi prior to use.

2.2. Antioxidant pre-treatment

The compounds of interest were kept at -20"C1

as lOmgml stock solut ions in ethanol. They were
then di luted to the required concentrat ions using
foetal calf serum. Cells were incubated with differ-
ent concentrations of the compounds of interest for

30min at 37'C in a dark incubator together with
untreated control samples. Samples were then cen-
trifuged at 3000rpm for l0min" In an experiment to

test the effects of compound removal after this incu-
bation step, cells incubated wirh genistein were either
treated as per normal protocol at this stage, or had
the genistein supenratant removed and were washed
using phosphate-butJbred saline (PBS) prior to H202

damage.

2.3. H2O2 treatment

Samples were suspended in PBS with 500 pmol/l

H2O2 tbr l0min at 4"C in the dark. Control samples
were treated with PBS alone rvithout hydrogen per-

oxide. Sampies were then centrifuged at 3000 rpm tbr

10 min and the cel ls washed with PBS. Cetls were then
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re-suspended in FCS and processed using the estab-
lished experimental protocol I l6].

2.4 Principle of the comet assay

Cells are cmbeddeci in agarose on a microscope
slide and lysed to remcve'eil :'.11. :::i1.,ins. The DNA
is denahrred under aikaline conditions and elec-
trophoresed. During electrophoresis any relaxed or
broken DNA tiagments migrate further than super-
coiled, undamaged DNA. After appropriate staining
the DNA resembles a comet with a brightly fluorescent
head and a tail whose length and intensity is deter-
mined by the leve1 of DNA strand breakage produced

within the cells. The tail moment is used as a measure
of DNA damage and is defined as the product of the
fraction of DNA in the comet tail, and the distance
befween the means of the head and tail distributions.
based on the definition by Olive and Banath [7].

2.5. Statistical analltsis

All statistical analyses were carried out using SPSS
tbr Windows 7.5.1.

In view of the small numbers (n : 4 6) of repeated
experiments, and the non-normal distribution ol the
data, the non-parametric Mann Whitney-U lest was
used to detemine the effects of antioxidant supple-
mentation on lymphocyte DNA integrity. Results were
considered to be statisticallv sienificant if a P-value
of <0.05 was recorded.

3. Results

The genotoxic ell-ects of hydrogen peroxide and the
protective ability of genistein and equol was compared
with ascorbic acid, a-tocopherol, and 178-oestradiol
and Tamoxit-en in normal human lymphocytes using
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Fig. I. The effect of supplementation in vitro with differen! concentrations of genistein on FI202-induced human lyrnphocyte DNA danage.

(A) Control: (B) Lymphocl.tes treated with 500pmo1/l HzO:; (C) Lymphocyes treated with l00pmol/l genistein+500pmol/l HzOu; (D)

Llmphocytes treated wrth l0pmol/l genistein f 500pmoi/l H2O2; (E) Lyrnphocyes treated \t ith I pmol/l genistein + 500pmolil H2O2;

(F) Lymphocl'tes treated with 0. I pmol/l genistein : 500 pmol/l H202; (G) Lymphocytes treated with 0.01 pmol/l genistein * j00 pmoiil

FI202. Values are medians (black l ine) with interquarti le ranges (boxed area) and minimum maximum values (/). (x) Sigrrif icantly different

to control values (P < 0.05, Mann-Whitney-U test). (t) Significantly different to values fbr sarlples treated with H202 only (P < 0.05,

Marm Whitney-U tcst). For each condition n :4.
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the comel assay. The comet assay was sensitive and re-
producible, with an intraassay CY of 7 .63% (n : 20).

Genistein produced a significant reduction in DNA
darnage atter cells had been damaged with hydro-
gen pei'-xiie at concentrations liom 0.01''l pmol/I.
Higher concentrat ions, of l0 and 100p,moyl had

.no :rtlir.l,,-,.-.i: ,-:'.r,-,,' L.n DNA damage, although
l00pmol/l actually seemed to increase the damage
caused by incubation with FI202 (Fig" l). Genistern
at I pmol/l was also protective regardless of whether
genistein was washed tiom the cells or was present
with the hydrogen peroxide throughout the incuba-
tion period (Mean (S.E.) olive tail moment with wash
4.95 (0.64); without wash 3.93 (0.22); P : NS,
Mann Whitney-U test).

Equol, similarly to genistein, significantly reduced
Olive tail moment, this time at doses tiom 0.01 to
100 g,mol/l. Equol at 0.01 pmot/l reduced DNA dam-
age, but by a lesser extent than at 0. l  pmol/ l  (Fig. 2).
for both genistein and eqüol, a concentration of

0.1 p,moVl seemed to offer most protection against
H2O2-induced damage"

When the antioridant abi l i ty of genistein and equol
was compared with the other compounds tested it was
found that genistein was most protective, followed by
equol, ascorbic acid, a{ocopherol and l 7B-oestradiol,
with Tamoxii-en being tbe least protecl j.7". :ti ;[, :.?/:

When a combination of antioxidants was tested it
was found that genistein in combination with ascorbic
acid was the most effective combination" with genis-
tein in combination with equol also being more protec-
tive than genistein alone. Equol irr combination with
ascorbic acid ofl'ered more protection than either equol
or ascorbic acid alone (Fig a).

4. Discussion

It can be concluded tiom these results. that the
isoflavonoids genistein and equol, üs well as ascorbic
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Fig. 2. fhe etfect of suppLementatiorl rn vitro with different concentrations ol equol on H2O;-induced human lymphocyle DNA damage.

(A)  Cont ro l t  (B)  Lymphocy tes  t res led  w i th  500pmol / l  H2O1:  (C)  Lymphocyes  t rea ted  rv i lh  )00pr ro l i l  equo l  I  500pmol / )  F |202;  (D)

Lyrnphocy tes  t rea ted  w i th  l0pnro l r ' l  equo l  1500pmol / l  H2O3;  (E)  Lymphocy tes  t rea ted  w i th  lpmol / l  equo l  i  500pnro l / l  H :O: ;  (F)

Lymphocy tes  t rea ted  w i th  0 .1pmol i )  equo l  +  500pmol / ]  l l l 02 ;  (G)  Lymphoct ' tes  t rea ted  w i th  0 .0 lpmol / l  equo l  +  -s00pmoVl  H:O: .

Values are rledians (black l ine) wrth interquanile ranges (boxed area) and minimurn- naximum values (1). (*) Significantly different to

control values (P < 0-05, Mann Whitney-U test). (t) Significanily different to values tbr sxmples treated with H2O2 only (P < 0.05,

Mann Whitney-U test). For each condition ir : 4.
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Fig' 3 
'fhc 

effect of supplementlt ion rn virro with <irfferent antioxidants on HrOl-indrreed human lyrnphocyte DNA damage (A) C.ontrol.
(B) Lymphocyes treared wirh 500pmol/l H202; (C) Lymphocytes rreared with tpmol/l genistein r 500pmolil f l :O:; (D) Lymphoc)tes
treated with ipmol/l rarnoxifen t 500irmol/l H202; (E) i-ymphocyes treargd with t p.mol/l equot * 500pmol/l Hzoz; (F) Lymphocytes
treated with lpmol/l oestradiol + 500pmol/' l  l l i02; (G) Lymphocltes rrected with lpmol/l ascorbic acid +. 500pmolit H2o2; (H)
Lynlphocytes trelted with l.24pmol,rl a-locopherol * 500pmoi/l l l2o1. Values are medians (black Iine) with interquarri le ranges (boxed
area) and minjmum-maximum values (/). (*) Signiticanlly dit l 'srent ro conrrol vaiues (p < 0.05, iVfann-whirney-U rest). (t) Significantly
different to values for samples treated wrth H2O2 only (P < 0.05, Mann-Whitney-U test). For each condition /i : 4.

acid and o.-tocopherol, and, to a lesser extenr,
I 7B-oestradiol and Tamoxifen, have antioxidant prop-
erties as shown by the comet assav perforned on the
H2O2-damaged lymphocyte cells. The effect of com-
binations of these compounds requires further study.
It is possible that an optimum level or correct balance
of these compounds is required before a synergistic
or additive response may be observed.

A number of studies have been carried out examin_
ing the antioxidant potential ofphyotestrogens. These
studies are difficult to compare directly, as they use a
variefy of designs and test systems.

Mitchell et al. f lSl tested rhe antioxidant activity
of a variety of phytoestrogens including genistein
and equol in a number of in vitro test systems and
found that the isoflavones in general had weak ac-
tivit_v in comparison to flavonoids. An exception was
in the Trolox equivalenr anrioxidant capacity (TEAC)
assay, which did not corelate well with the results
in the other systems and where genistein and equol

had 1.5-2 times the activity of Trolox. This high-
lights the importance of test system used, and the
marked differences between them. The concentrations
of compound used in these assays were greater than
those tbund in serum and the authors concluded that
this poor in vitro antioxidant activity may reflect little
sienit ieance as antioxtdanrs in vivo.

Mitchell and Collins [19] have also carried out a
4-week feeding study in healthy men to assess the
effects of a phytoestrogen supplement in the tbrm of
sov milk on piasma tipids and levels of DNA dam,
age. There was no significant effect on H202-induced
DNA damage in lymphocytes in those receiving
the soy rniik supplement as assessed by the comet
assay. Flowever, the levels of oxidised pyrimidine
base damage over the 4-week period progressively
decreased. These studies highlight the differences
between (a) difference in vitro systems to determine
antioxidant emciency and (b) in vitro and in vivo
systems.
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Fig. 4. The elfect of supplementation in vitro with dif l 'erent antioridants both singly and in combination on H:O:-induced human llmphocyte

DNA damage (A) Control; (B) Lymphocytes treated with 500 pnrol/l HzOt; (C) Lyrnphocytes trerred with I pmol/l genistein i 500 pnrol/l

H202;  (D)  Lymphoc l . tes  t rea ted  w i th  lpmoUI  equo l  l500pmol / l  H :Oz;  (E)  Lymphoc l tes  t rea ted  w i th  lpmol / l  ascorb ic  ac id+500 iamol i l

H2()2; (F) Lymphorytes trealed with I pmol/l genrsteinf I pmolil ascorbic acid+ 500pmolil H:O:; (G) Lymphocytes trcated with I pmoiil

gen is te in l  l  pmol / i  equo l  +500pmol / l  l l zO: l (H)  Lymphocr tes  t rea ted  w i th  lpmol / l  equo l  i  lpmol / l  ascorb ic  ac id  i -500pmol i l  I - l zOz.

Values are nredians (black l ine) with interquarti lc ranges (boxed area) and minimum-maximunr values (1). (*) Significantly different to

control values (P < 0.05, NIam-Whitncy-tJ tes|. (f) Significantly difTereni to values for samples treated with tluO: only (P < 0.05,

Mann Whitnev-[.] test). For each condition rr : 4.

In a simiiar study to [9] in healthy females over
a 1-week intervention period (80 mg phytoestro-
gens/day) where the supplement was a soy and linseed
bar, there were no significant chan*qes in lipid or an-
tioxidant status. However, background DNA damage
assessed by the comet assay in isolated lymphocytes
was reduced post-supplementation [2-0].

Similarly, a protective effect has been shown by
phytoestrogen supplementation on the susceptibility of
LDL to oxidation [21]. Six healthy volunteers received
l9mg isoflavonesiday for 2 weeks. Lag phases of
LDl, oxidation curves were increased post-supplement
compared with baseline values. Another study, how-
ever, t'ailed to show an inhibitjon of lipid peroxidation
after 8 weeks of isoflavonoid supplementation in sub-
jects with high-normal blood pressure [22], measuring
urinary F-2-isoprostanes. This study was randomised.
double-blind and placebo-conuolled. and was carried
out in large numbers (rr : 59).

Arora et al. [23] suggest that the tiee radical scav-
enging properties of isoflavones only partly account
for their antioxidant caoabilities. Because of their
polyphenolic structures, these compounds can donate
hydrogen atoms to deleterious oxy-radicals and form

the less reactive phenoxyl radicals in the process.

The same structure also confers isol'lavonoids rvith

an ability to chelate rnetal-ions. The greater anti-

oxidant potentiai of the isoflavonoids found against
metal-ion-induced peroxidation is likely to be due to
a consequence of their combined metal chelating and

free radical scavenging abilities.
The chemical structure ofgenistein and equol deter-

mines their antioxidant properties. the number and the
position of hydroxyl groups are olcritical importance
in the antioxidant activity of the compound. Further
work must be carried out comparing the various phyto-

estrogens, taking iuto account the conflicting results
obtained in different antioxidant test systems. Funher



work relating to how quickiy the compounds are taken
up into cells and their mechanism of action, must also
be undertaken betbre the antioxidant potential of these
compounds in vivo is fully elucidated.

Phytoestrogens, by acting as antioxidants may have
a role to play in the protection against DNA damage
and. theretbre,,a variet l '  cf dj r , ' r"e. ir t" l , tding cancer
and coronary heart disease. Since biological eflbcts
are dependent on dose, potency, duration, timing and
pattern of exposure, further research is required to be
able to determine the importance to human health.
The present lack of clinical data hampers further un-
derstanding of the potential risks and benefits that may
result from the consumption of phytoestrogen-rich
diets.

5. Conclusion

The isoflavonoids genistein and equol, when as-
sessed for their abilitv to protect against lymphocyte
DNA damage using the comet assay, offered pro-
tect:ion against oxidatively-induced DNA damage
at normal human physiological concentrations [24].
The known antioxidant vitamins; ascorbic acid and
o-tocopherol, also showed protective effects towards
H2O2-induced damage. The conclusions liorn these in
vitro experirnents must remain tentative until more is
known about the absorption, distribution, metabolism
and biological effects of these compounds within the
body. However, the present study supports the pos-
sibility that the phytoestrogens genistein, and equol,
with their antioxidant properties, may be important in
health and disease in protecting against DNA darnage
through oxidative stress.
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Risks and Benefits of Estrogen Pfus Progestin
in Healthy Postmenopausal Women
Principal Results From the Women's Health Initiative
Randomized Controlled Trial
\Yrit ine Cruul, l irr thc
Worn" i 's  l le i l t l r  ln i t iur ivc
Irrvcstigators

HE WoMEN's HEAL1H INrrrA-
t ive (WHI) focuses on defin-
ing the r isks and benefi ts of
strategies that could poten-

tially reduce the incidence of heart dis-
ease, breast and colorectal cancer, and
fractures in postmenopausal women.
Between 199f and 1998, the WHI en-
rol led l6l 809 postmenopausal women
in the age range o[ 50 to 79 years into
a set of cl inical tr ials (tr ials oI low-fat
dictary pattern, calcrurn and vitamin D
suppiernentation, and 2 tr ials of post-
menopausal hormone use) and an ob-
servational study at 40 cl inical centers
in thc United Stalcs.r This art icle re-
ports principal resr.rlrs for the trial of
c r r rnb incd  es t r ( )ge l r  and pr t lges t rn  in
women with a uterus. The tr ial  was
stopped early based on heaith risks that
exceeded health heneli ts over an aver-
age fol low-up o[ 5.2 years. A paral lel
tr ial  of estrogen akrne in women who
have had a hysterectomy is being con-
tinued, and the planned end of this tnal
is March 2005, by which t ime the av-
erage follow-up rvill be about 8.5 years.

The WHI  c l in ica l  t r ia ls  were  de-
sig,rreci in igSI-1992 using the accu-
rnulalcd evidence at tirat time. The pri-
lnary outcome for the tr ial  of estrogen
plus progestin rvas designated as coro-
rrary heart disease (CHD). Potential car-
dioprotection was based on gcneral ly

For editorial Gomment see p 366.

020{}2 Arner ican Nledical  Associat iou.  Al i  r ishts reservcd.

Context Despite decades of accumulated observational evidence, the balance of risks
and benefits for hormone use in healthy postmenopausal women remains uncertain.

Objective To assess the major health benefits and risks of the most Commonly used
combined hormone preparation in the United States.

Design Estrogen plus progestin component of the Wornen's Health Init iative, a ran-
domized controlled primary prevention trial (planned duration, 8.5 years) in which 16 608
postmenopausal women aged 50-79 years with an intact uterus at baseline were re-
cruited by 4O US clinical centers rn 1993-1998"

Interventions Participants received conjugated equine estrogens, O.6'25 mgld, plus
rnedroxyprogesterone acetate, 2.5 ng/d, in 1 tablet (n=8506) or placebo (n=8102).

/l/lain Outcomes Measures The primary outcome was coronary heart disease (CHD)
(nonfatal myocardial infarction and CHD death), with invasive breast cancer as the
primary adverse outcome. A global lndex summarizing the balance of riskrand ben-
efits included the 2 primary outcomes plus stroke, pulmonary embolisrn (PE), endo-
rnetrial cancer, colorectal cancer, hip fracture, and death due to other causes.

Resufts On May 31, 2OO2, after a mean of 5.2 years of follow-up, the data and safety
monitoring board recomrnended stopping the trial of estrogen plus progestin vs placebo
because the test statistic for invasive breast cancer exceeded the stopping boundary for
this adverse effect and the global index statistic supported risks exceeding benefits. This
report includes data on the major clinical outcomes through April 30, 2002. Estimated
hazard ratios (HRs) (nominai 95% confidence intervals [Cls]) were as follows: CHD, 1.29
(1.02-1.63) with 286 cases; breast cancer, 1.26 (1.W-1 .59) with 290 cases; stroke, 1 .41
(1.O7-1.85)wrth2l2cases; PE,213(1 .39-3.2, with'101 cases; colorectal cancer,0.53
(O"43-0.92) with 112 cases; endornetrial cancer, 0.83 (0.47-1.47) with 47 cases; hip frac-
ture, 0.56 (0.45-0.98) with 105 cases; and death due to other causes , O.92 (O.74-1 .14)
with 331 cases. Corresponding HRs (nominal 95% Cls) for composite outcomes were
1 .22 (1 .O9-1 .36) for total cardiovascular disease (arterial and venous disease), 1 .03 (0.90-
1.17) for total cancer, 0.76 (0.69-0.85) for combined fractures, O"98 (0.82-1.18) fortotal
mortality, and 1 .15 (1 .03-1 .28) for the global index. Absolute excess risks per 1O0OO person-
years attributable to estrogen plus progestin were 7 more CHD events, B more strokes, 8
more PEs, and B more invasive breast cancers, while absolute risk reductions per 1000O
person-years were 6 fewer colorectal cancers and 5 fewer hip fractures. The absolute ex-
cess risk of events included in the global index was 19 per 10O00 person-years.

Conclusions Overall health risks exceeded benefits from use of combrned estrogen
plus progestin for an average 5.2-year follow-up among healthy postmenopausal US
women. All-cause mortality was not affected during the trial. The risk-benefit profi le
found in this trial is not consistent with the requirements for a viable intervention for
primary prevention of chronic diseases, and the results indicate that this regimen should
not be init iated or continued for primary prevention of CHD
J AMA. 2002 :288: 3 21 - 3 3 3 www.Jana.com
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Figure 1. Proflle of the Estrogen Plus
Progestin Component of
the Women's Health initiative

esrrogen plus Progestin and placebo
groups with respect to each oi the el-
ernents of the global index and to the
o'/eral l  global index.

Th is  repor t  per ta ins  p r in . ra r i l y  t< ;
es t rogen p lus  p roges t in  use  among
hca l thy  p ( )s l  i l l eno i )ausa l  wotnen,  s i t rc t
only 7.7otr '  of part icipating women re- ,
poried having had prior carcl iovascu-
lar disease. During the course o[ the
WHI tr ial ,  the Heart and Estrogen/
progestin Replacernent Study (HERS)

reported i ts principal results.r0 HERS
was another bl inded, randomized con-
t ro l le t l  t r ia l  ü ( ) rnpar inB the  samc regr .
men of estrogen plus progestin with pla-
c e b o  a m o n g  w o m e n  w i t h  a  u t e r u s ,
however, in HERS, al l  2763 part icipat-
ingwomen had documented CHD prior
to randomization. The ITERS lindings
o[ no overal l  ef lcct on CHD but an ap-
parent increased r isk in the l i rst year
after randornization seemed surpris-
ing given preceding observational stLrd-
ies  o f  hormone use in  women w i th
CHD.r Subsequent to FlER.S, sorne in-
vestigators reanalyze<) their observa -

t ional study data and were able to de-
tec t  an  ear ly  e leva t ion  in  CHD r isk
amongwonen wr th  p r io r  CHDr l - r r  bu t
no t  in  os tens ib ly  hea l thy  wonren, ro
prompting speculat ion that any early
adve,rse effect of hormones on CHD in-
cidence was confined to women u,hr-r
have experienced prior CHD events.

The WHI is the llrst randomized trial
to direct ly address whether estrogen
plus progestin has a Javorable or unfa-
vorable effect on CHD rncidence ancl
on overal i  r isks and benefi ts in pre-
dourinantlv hcalthv women.

A'IETHODS

Study Population

Detailed eligibility criteria and ret:ruit-
ment meihods have been pui-. l ished.r

Brief ly, rnost w()m(n wete recruitet l  hy
populat ion-based direct maii ing cam-
pa igns  to  age-c l ig ib le  womeß,  in  con-
junc t ion  w i th  med ia  awareness  pro-
grams. Eligibility was defined as age 50
io  79  years  a t  i r r i t ia l  sc rcer ) lng .  pos l -
nrenopausal, iikelihood of residence in
tl.re area for 3 years, and provisit-rn of \4,rit-
ten  in lo rmed consent .  A  woman was

considered postmenopausal i f  she had
experienced no vaginal bleeding for 6
rnonths (I2 months lor 50- to 54-year-
olds). had had a hysterectorny. or had
ever used postmenopalrsal hormones.
Major exclusions were related to com-
peting nsks (an1'me dical condiLicrn likely
to be associated with a predicted sur-
vrval o[ {3 years), safety (eg, prior breast
cancer, otller prior cancer within the last
l0 years except nonmelanoma skin can-
cer, lorv hematocri t  or platelet counts),
and adherence and retenlioll concerns
(eg, aicoholism, dementia).

A 3-month washout period was re-
qu i red  be fore  base l ine  eva lua t ion  o I
women us ing  pos t rnenopausa l  hor -
mones at. initral screening. Women with
an in tac t  u te rus  a t  in i t ra l  sc reen ing  wer r
el igible for the tr ial  ol combined post-
menopaLtsal horrnones, while women
wi th  a  p r io r  hvs terec torny  were  e l i -
gible for the tr ial  of unopposed estro-
ger.r.  This report is l imited to the 16608
women ' ,vi th an intact uterus at base-
line r.r'ho were enrolled in the trial conr-
poncnt  o i  es t rogen p lus  Proges t i r r  vs
p lacebo.  I 'he  prc , toco l  and consent
fbrnrs were approved by the inst i tu-
t ional review boards lbr al l  partrcipat-
ing institutions (see Acknowledgment).

Study Regimen6, Randomization,
and Blinding

Combinet. l  cstrogrn and progestrn was
provided in I  dai ly tablet containing
con jugated  equ ine  es t rogen (CEE) ,

0.625 mg, and rnedroxyprogesterone
a c e t a t e  ( M P A ) ,  2 . 5  m g  ( P r e r n p r o ,

Wyeth  Ayers t .  Ph i lade lph ia ,  Pa) .  A
matching placebo was provided to the
cont ro l  g roup.  E l ig ib le  women were
randornly assigned to receive estrogen
plus progestin or placebo after el igibi l-
ity was established and baseline assess-
rnenrs made (Ftcunn l).  The random-
ization procedure was developed at the
WiII Cl inical Coordinating Center and
rmplemented Iocal ly t l rrough a distr ib-
uted study database, using a randorn-
ized pcrmuted block algori thrn, strat i-
f ied  by  c l in ica l  cenrer  s i re  and age
group. Al l  study medication boLtles had
a unique bott le number and bar cocie
to al lorv for bl inded dispensing.

Br02 Assigned to i
Receive Placebo 

I

support ive data on l ipid levcls in inter-
mediate outcome clinical trials, trials in
nonhuman primates, and a large body
o l  observa t i t - rna l  s tud ics  suggest ing  a
40Qn n 507ö reducti<.rn in risk arnor.rg
users ol either estrogen alone or, less
frcquently, combined estrogen and pro-
gestin.2 > Hip lractu[e was designated as
a secondary outcome, supported by ob-
servational data as well  as cl inical tr i-
als showing benefi t  lbr bone minerai
density.6T lnvasive breast cancer was
designated as a primary adverse out-
come based on observational data.r't Ad-
dit ionai cl inical outcomes chosen as
secondary outcomes that rnay plausi-
bly be affected by hormone therapy in-
cludc other cardiovascular diseases; en-
dornetrial, colorectal, and other cancers;
and other fractures. 'o'e

' l 'he 
elfect o{ hortnones on overal l

hea l th  was an  impor tan t  cons ider -
at ion in the design and conduct ol ' the
WHI ciinical trial. ln an attempl to sum-
marize important aspects of healLh ben-
el i ts vs r isks, a global index was de-
fined as the earliest occurrence of CHD.
invasive breast cancer, stroke, pulrno-
nary embolism (PE), endometrial can-
cer, colorectal cancer, hip fracture, or
death due to other causes- Cornpared
with total mortal i ty, which rnay be too
insens i t i ve ,  th is  index  ass igns  add i -
tional rveight 'ro th.e 7 listed diseases.
Procedures for monjtoring the rr ial  in-
volved serniannual comnarisons of the

3 2 2  J A M A ,  l : l r  l i .  2 0 0 2 .  - \ o l  i 8 ö  N , '  l  l R e p r i n t e d ) 02002 Ärner ican Nledicai  Assöciat ion" Al l  r ights reserved

ls"* "" 
oo,i l  3q'roo,

I 
Sbtus on April 30,2002 

I
I 7608 Alive and Outcomes I
i Data Subm l(sd In i
I  Last  rB mo l
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Ini t ial ly, the design al lowetl  wonren
with a uterus to be randomized to re-
ceive unclpposed estrogen, estrogen
plus progestin, or placebo. After the re-
lease oI the Postrnenopausal Estrogen/
Proges t in  In te rven l ion  (PEPI )  r r ia l
resulßrt indicating that long-term ad-
herence to unopposed estrogen was not
{easible in women with a urerus, the
WHI protocol was changed to random-
ize women with a uterus to only estro-
gen plus progestiu or placebo in equal
propor l ions .  The 13  I  womerr  p rev i -
ously randornized to unopposed estro-
gen were unblinded and reassigned to
cstrogen plus progestin. These women
are included in the estrogen plus pro-
gestin group in this report,  resrr l t ing in
8506 part icipants in the estrogen plus
progestin group vs 8102 in the pla-
ccbo group. Analysis ol the data ex-
clucl ing the women randomized be-
fore tlris protocol change did not a[[ect
the results" Considerable e{fort was
made to mirintain blintlingof other par-
t i c ipants  and c l in ic  s ra f f .  When re -
quired for safety or syrnptom n)anage-
ment, an unblinding off icer provided
thc  c l in ic  gyneco log is t , 'uvho was no t  in -
vo lved w i t l r  s tud l '  ou tcomes ac t i ' ' ' i t i cs .
with the treatment assigntnen[.

Follow-up

Stutly participants wcre contacteci by
te lephone 6  weeks  a f te r  randomiza-
t ion to assess symptoms atrd reinlorce
adherence. Folkru-uo lbr clinical events
occurred every 6 rnonths, with annuai
in-cl inic visi ts required. At each serni-
annual contact, a standardized inter-
vie'*,  col lected inIormarion on desig-
nated symptoms and sa[ety concerns,
and init ial  reports o[ olrtcome events
were obtained r-rsing a self-adm,inis-
tered questionnaire. Adherence to study
interveni ions was assessed by weigh-
ing oIreturned botr ies. The study pro-
tocol required annual mamrrlograrns
and clinical breast examir-rations; stuily
medications were withheld if safeff oro-
cerlures wcrc n()t  perfornretj .  but-these
part icipants continued to be fol lowed
r - rp .  E lec t rocard iograms were  co l -
Iected at basel ine and at {bl lorv-uo vears
I and 6.

Data Collection, Management,
and Quality Assurance
Al l  da ta  were  co l lec ted  on  s tandard-
ized study fomrs by certified stalT ac-
cording to docunrented study proce-
dures. Study data were entered into a
loca l  c l in ica l  cen ter  da tahase deve l^
oped and rnaintained by the Clinical '
Coordinating Center and provided tcr
each site in the lbrm ofa local area net-
work connected to the Clinical Coor-
dinating Center through a rvide area
network .  Data  qua l i t y  was  ensured
through standard data entry mecha-
nisms, routine report ing and database
checks, random chart audits, ancl rou'
t ine site visi ts.

/lJlaintenance/Discontinuation
of Study Medications

During the tr ial ,  some l lexihi l i t ,v of the
dosages of both estrogen ancl proges-
[ in was al lowed to manage symptoms
such as breast tenderness and vaginal
bleeding. Vaginal bleeding \Ä,as nlan-
aged according to an algorithm that ac-
counted lbr the t ime since randorniza-
t ion, severity of the bleeding, treatment
assignment, and endornetr ial histol-
og1'.  Women who had a hysterecrorly
a f te r  randomizaLtan  [o r  ind ica t ions
other than cancer \Ä'ere switched to un-
opposed estrogen or the correspond-
ing placebo without unbl inding. These
women are inclucied in the original ran-
ciomization group lbr anall.ses.

Perrnanenl discontinuation ol study
nredication was required iry protocol
for women who developed breast can-
cer, endometrial parhoiogic state (h1,-

perpiasia noL responsive to treatment,
atypia, or cancer), deep vein thrombo-
s i s  ( D V T )  o r  P E ,  r n a l i g n a n t  m e l a -
n o m a ,  m e n i r - t g i o m a ,  t r i g l y c e r i d e
ievel greater than 1000 rng/dl (t  i .3
nrrnoVl), or prescript ion ol eslrogen,
tes tos terone,  o r  se lec t i ve  es t rogen-
receptor modulators by their persorral
physician. lvledications were tempo-
r a r i l y  d i s c o n t r n u e d  r n  p a r t i c i p a n t s
who hacl acute myocardial infarcrior. l
(M i ) ,  s r roke .  l rac tu re ,  o r  ma jor  in j r r ry
i n v o l v i n g  h o s p i t a l i z a t i o n ,  s u r g e r y
invo iv ing  use  o i  anes t l res ia ,  any  i l l -
ness  resu l t ing  in  i rnmob i l i za t ion  fo r

rnort than I weck, or any other severe
i l in rss  in  wh ich  hornrone use is  renr -
porar i l f  inappropr ia tc .  .

Outcome Ascertainment

Cardiorascular Disease. Coronary heart
clisease w'as defined as acute Ml requir-
ing overnight hospital izat ion, sr lent MI
determined from serial electrocardio-
grams (ECGs), or CHD death. The di-
agnosis of acute Ml was establ ished ac-
cording to an algorithm adapted from
standardized criteriar6 that included car-
diac pain, cardiac enzyme and tropcr-
nin levels, and ECG readings. The pri-
nrary analyses rncluded both definite and
probable Mls as clef ined bi '  Lhe algo-
r i th rn  N lyocard ia l  in fa rc t ion  occun ' ing
during surgery and aborted MIs were in-
cluded. An aborted Ml was delined as
chest pain and ECG evidence o[ acute
lvll at presentation, an intenrention (eg,

thrornbolysis) lbl lowed by resolut ion of
ECG changes, and al l  cardiac enzyme
levels rvithin normal ranges. Si lent Ml
was diagnoscd by cornparing basel ine
and lollow-up ECGs at 3 and 6 years af-
ter randomization. Coronary deatir rvas
defir-recl as death consislent with CHD
as underlying cause plus I or more o{ '
the lbllowing: preterminal hospitaliza-
tion witl.r MI within 28 days of death,
previ<-rus angina or MI and no poten-
t ial ly lethal noncoronary disease, death
resulr ing frorn a procedure related to
coronary artery disease, or death cer-
t i f lcate consistent with CFID as the un-
der l l ing  cause.  S t roke  t i iagnos is  rvas
based on rapid onset ofa neurokrgic defi-
ci t  last ing nlore than 24 h<lurs, sup-
portecl by imaging studies when avaii-
able. Fulmonary embolism and DVT
required cl inical synrptoms supported
by relevant diagnostic studies.

Cancer. Breast, colclreclal,  endome-
t r i a l ,  a n d  o t h e r  c a n c e r s  w e r e  c o n -
f irr .ed by pathological reports when
available. Current data indicate that at
least 98o/o ol breast, colorectal,  and en-
donretrial cancers and 92016 of other can-
cers were documented rvith pathologi-
cal reports.

Frac tures .  Repor ts  o f  h ip ,  ver te -
bral,  and other osteoporotic lrac[ures
(inch,rding al l  fractures excepi those of

(Repr inred) JAMA. ju i1 '  17,  2002-Vo1 288, i io  3 323
I
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Table 1.  Basel ine Character is t ics of  the Women's Heal th ln i t iat ive Estrogen Plus Progest in
Trial Participants (N = 16608) by Randomization Assignment*

Estrogen + Progestin Placebo
Characterislics _._ (n = 8506) _ (n = 8102) Valuet

4g99t::lrylq.ryqfq),! 63 .2  ( 7 .1 )

257s {{30.41 247e (30.8)

the r ibs, chest/sternurn, skulV[ace, f in-
gers, toes, and cervical vertebrae) rvere
routinely ascertained- Al l  [r :acture out-
conles \Ä'ere veri l ied by radiolt ;gy re-
ports. Study radiographs were not ob-
tained to ascertain subcl inical.rertebral
fractures.

Th is  repdr r  i s  based on  ou lco) res
adjudicated by cl inical center pl.rysi-
c ian  ad ju . l i ca to rs ,  as  used fo r  t r ia l -
monitoring purposes. Cl inical center
physician adiudicators rvere central ly
trained and bl inded ro treatnrenr as-
signment and part icipants'  symploms.
Future communications wii l  report re-
sultsbased on central ly adjudicated our-
comes and wil l  includc a broader range
of  ou tcomes w i th  more  ex tens iv r  ex .
planatory analyses. Since this report is
presented  be fore  the  p lanned s tudy
closeout, outcome infonnation is st i l l
being col lectecl and ad;udicared. Lo-
ca l  ad jud ica t ion  is  comple te  lb r  ap-
proximately 96olo ol the designated self-
repor tec l  events .  To  da te ,  agree lnent
rates between local and central ad.ju-
dication are: MI, B4olo; revasculariza-
t ion procedures, 97ok; PE, 891/o; DVT,
8496; stroke,94oÄ; invasive breast can-
cer,98u/o; endornetr ial cancer, 969o; co-
lorectai cancer, 98o/o; hip iiacture, 95?i,;
and specilic cause ol death, 82"/o. When
related cardiovascular condit ions are
combined (eg, when unstable angina or
congestive heart failure is grouped rvith
MI), agreement rates cxceed 94"/o lor
cardrovasculilr disease and 90o,{: for spe-
cif ic cause o[ death.

Statistical Analyses

A i l  p r i m a r y  a n a l y s e s  L l s e  t i m e - t o -
evenl methods and are based on the in-
tention-to-treat principle. For a given
outcorne ,  the  t ime o f  event  was de-
fined as the number oI days from ran-
d<,rrnization to {he first postrandorniza-
t ion diagnosis, as detennined by the
local adjudicator. For si ient Mls, the
date of the fol low-up ECG applied. Par-
t icipants without a diagnosis were cen-
sored for that event at the t ime o[ lasr
fol low-up contact. Primary outcome
comparisons are presented as hazard ra-
t ios (t tRs) and 95olo confidence inrer-

63.3 (/ .r) 39
Age grcup al screentng, y

50 59
;;.;;-
ot,  ov

2439 (33.4)

3B5s (45 3) 3657 (45 1)

-l

I
l B o
I70-79

Race/ethnicity
Whlte

1814  (21  3 ) 1762 (21 7)

/ 140 (83.9i 6805 (84.0)I
I

i,,
I

_l

Black s49 (6.5) 5 7 5 1 7 . 1 )

Hrspanrc 472 (5 51
Amerrcan lndran 26 (0.3) 30 (0.4)

Asian/Pacific lslander 194 (2.3) 16e (2 .1 )
107 (1 .3){.JnKnown 125 (1 .5)

HOrmone use
Never

Pasl

6280 (73.9) 6024 (7 4 .4)

lsBB (19.6)1674 (19.71

.l

l 49

Currentt 548 {6.4) 487 (6 0)

Duratrort of prior hormone use y
< 5 1538 (69 . r ) 1467 \70.6)

357 117 2)5 , 1 0 426 \15 1) 25
> 1 0 262 i11.81 253 .12.2)

Body mass index, mean (SD), kg/m'?S 28.5 (5.8) 28.5 (5.91 .66

Body mass index. kg,/rr.,?
<.25

25 29 2992 (35 3) 2834 (35 2\ B9
'30 289S (34.2) 2737 (34.01

Syslulrc BP, mearr {SDl, nrnr Hg

Diastolic BP, mean (SD), mm HE

127 .6  ( 17 .6 ) 1 2 7  8  ( 1 7  5 ) 5 1

75  6  ( 9 .1 ) 25 .8  ( 9 .1 ) ! ) l

Smoklng
Nevef 4178 (49.6) 3se9 (50 0)
Past

C , , , ' r , , t

3362 (39 9) 3157 (39 5)
l
.l B5

380 (r o 5)
Parity

Never pregnant/no terrn pregnancy 856  (10 .1 ) 832 (10.3)
6 7

>l lerrl l  pregnancy 7AnLl /RO q\ 7233 (89.7)

Age at tirs{ oirtlr. yll
<.20

20-29
1122 i '16.4)- -qesb 

l/3 o)
1114  (17 .a |

1 t4685 i/3.0)
>30 723 (10 6)

37 4 (4.4)

621 19 7)
Treated for drabetes
f '*r".1 rr nvp"'r"*rÄ or

BP ' i40190 mm Hg

360 (4 4) BB

3039 (3s 7) 2949 (36.4) 37

Flevated cholesterol levels requiring
meotcalton

944 (12.5) e62 (12.9) 50

Statin use al tlaselnell 590 (6 S) 548 (6.e) .66

Aspinn use ('80 mS/d) at baseline 1 6 2 3  ( 1 9 . 1 ) 1631  (20 .1 ) .09
Hrstory ol myocardial infarction 13S (1 .6) 1 5 7  ( 1 . 9 )  . 1 4

Hisrory of {9!d _ _ 238 (2.8) 234 (2 9)

Hrstw-of CABGiPTCA _jq!ll__ 120 (1 s) _ ,0/,
History of stroke 61 (0.7) 77 (1 0) r 0
History oi DW or PE /9 {0 e) 62 (0.8)

Female relative had breast cancer r  286 (16.0)

/3

25
2A

Fraclu.e at age -55 y

324 JAMA,  Ju ly  17 ,  2002 Vc l  288,  No I  (R€pr in ted)

10s1 {13  5) 1029  (13  6 )
contnued vais (Cls) lrom Cox proport ional haz-

(92002 American N{edical Associat ion. Al l  r ights resen'ed.

Downloaded from wwlv.jama.com by guest on July 6, 2009



ards  ana lyses , '7  s r ra t i f ied  by  c l in ica l
center, age, prior disease, and random-
ization status in the low-fät dier tr iai .

I w o  [ o r r n s . . r f  ( . l s  a l e  p r e s e n r e d .
nominal and adjusred. Nonrinal 95olu
CIs describe thc variabi l i ty in the esti-
rnates that would arise lrorn a simple
trial lbr a single outcome. Alrirough rra-
dit ional, these Cls do not account for
t h e  n r r r l t i p l c  s t a t i s t t c a l  t e s l i n g  i s s u c s
(across t ime and across or, l tcome cai-
cgories) that occurred in rhis rr ial ,  so
the probabil i ty is grearer rhan .05 that
at ieast I of these Cls will exclude unity
under an overal l  nul l  hypothesis. The
adjusted 95% Cls presented herein use
group sequential methods ro correcr for
mr-r l t iple anaiyses over t ime A Bonler-
r r rn i  cur rec t ion  fo r  7  o r r tcornes  as  sDec i -
l i c d  i r r  r h e  m o n i t o r i n g  p l a n  ( d e s c r i b c d

herein) was applied to al l  cl inical our-
cornes other than CHD and breast can,
cer, the designated prirnary arrd pri-
mary adverse effect outcomes, and the
g ioba l  index .  The ad jus ted  CIs  a re
c lose ly  re la ted  to  lhc  mon i t r r l ing  pro-
cedures and, as such, represent a con-
serv:rt ive assessment ol the evidence-
Th is  repor t  focuses  pr imar i l y  on  rc -
sults using the urracl|usted srarist ics and
also rel ies on conslstency acnrss diag-
nostic categories, support ive dara l iom
other studies, and biologic plausibi l-
ity for interpretalion of ttre frndings.

Data and Safety Monitoring

Trial monitoring guidel ines for early
stopping considerations were hased on
O'Br ien-F ie rn ing  boundar ies 'n  us ing
asyrnmetric upper a,rd lower bound-
aries: a I  -sided, .025-level upper bound-
ary for benefi t  and l-sided. .05-levcl
lower boundaries for advcrse elfecLs.
The adverse-effect boundaries were fur-
ther adjusted with a Btrnfcrrr]ni correr-
t ion for the 7 major outcomes other
t l ian breast cancer that we re specif i-
cal ly monitored (CHD, srloke, PE, co-
lorectal cancer, endometrial cancer' ,  hip
[racture, and death due to other causes).
The g loba l  index  o [  n ion i ro red  our -
cornes played a support ive role as a
sumlnary measure eif  the overal i  bal-
ance of r isks and benefi ts. Trial moni-
to r ing  fo r  ear l l '  s ropp ing  cons ider -

ruo ofratrs 'n tas 12 r" 
- -

0

RISKS AND BENEFITS ()F ESTITOGEN PLUS PROGESTIN

Table 1.  Easel ine Chara.cter is t ics of  the Women's Heal th In i t iat ive Estrogen Plus Progest in

l'lg!}ftgp9llrf x-*16i08lqy_Rundgtl.tionAssisnmenf (cont)
Placebo P

(n = 8102) ValueCharacteristics

Gai l

81  (1 .0 )

5168 (66 2) 5172 (67 5)

1  1643  (21  C ) 1s45 120.2\ 1 8
2
= 3 -

651 (8.3) 645 (8 4)

34e (4 sl 303 (4 0)
*Data are presented as number (percentage) ot patients unless otherw se noted. BP indicates blood pressure; CABG/

PTCA, coronary artefy bypass graft/perculaneous transluminal coronary angioplasty; DVf deep vein thromboss,
and PF, pulmonary embolisnr.

lBased on X'?tests (categoilca vanailles) or t 1es1s iconllnlous varatrles).
tReqüired a 3 monlh washout prror to randomization.
STotal number o{ partrc pants with dala avai able was 8470 for estrogen plus progeslrn and 8050 for placebo
ilAmong women who reported hav ng a telm pfegnancy.
l lStatrns are 3 hyoroxy 3 rn6lhylglularyl coenzyme A reductase nhrbtlors.

G)2002 Arner ican Nledical  Associar ion.  Al l  r iehts resen,ed

ations was conducted semrannually by
an independent data and safety moni-
toring board (DSlvlB). Aspects of the
m o n i t o r i n g  p l a n  h a v e  b e e n  p u b -
l i shed. 'e

RESULTS

Trial Monitoring
and Early Stopping

Formal nronitoring began in the täl l  of
I997 with the expectation of linal analy-
sis in 2005 after an average oi approxi-
mately 8.5 years ol lol low-up. Late in
1Q99,  w i th  5  in te r im ana lyses  com-
pleted, the DSMB observed small  but
consistent early adverse effects in car-
diovascuiar outcomes and in the globai
index .  None o I  the  d isease-spec i f i c
houndaries had been crossed. In the
spring <-r l  2000 and again in the spring
of  2001,  a t  the  d i rec t ion  o f  the  DSMB,
hr )nn" rne  t r ia i  par t i c ipants  were  g iven
infornration indicatirrg that increascs in
MI. stroke. and PEIDVT had been ob-
served and that the tr ial  continued be-
cause the balance ofrisks and benefits
remained uncertain.

in reviewrng the data for the iOth in-
terim analyses on May 31, 2002, the
DSMB found that the adverse ef lects in
cardiovascular diseases oersisted. al-
though these results were still within the
monitoring boundanes. Ho'uvever, the
design-specified u,eighted log-rank tesi
s ta t i s t i c  fo r  b reas t  cancer  (z=-3 .19)

c r o s s e c l  t h e  d e s i g n a t e d  b o u n d a r v
Q=-237) and the global index u'as sup-
port ive of a l inding of overal l  harrn

Q= -1.62). Updated analyses includ-
ing 2 months of addit ional dara, avai l-
able by the t ime of the rneeting, did r.rot
appreciably change the overall results.
On the basis ol these data, the DSMB
concluderi t trat the evrclence for breast
cancer harnr, along with evidence lor
some increase in CHD, stroke, and PE,
outu,eighed the evidence of benefit lor
f iactures and possible benefl t  for colon
cancef over the average 5.2-year fol-
low-up period. Thereibre, the DSIvIB rec-
ommended early stopping of the estro-
gen plus progestin component of the
tr ial Because the balance ol nsks and
benefia in the unopposed-estrogen coln-
poncr i t  re lnJ ins  r t r tcer la in .  th r  DSl r lB
recornrnended continuation ol that conr-
ponent ol the WHl. Individual tr ial  par-
t iciDants have been informed.

Baseline Characteristics

There werd no substantive di l lerences
between study groups at baseline; 8506
women were randomized int<,r the es-
lrogen plus progestin group and 8l 02
into the piacebo group (Tant-r I) .  The
rnean (SD)  age was 61  3  (7 .1 )  years .
Trvo  th i rds  o l  the  women who re -
portecl prior or current hormone use
haC taken combined hormones and one
third had used unopposed estrogen.

(Repr inted) JAMA, July 1J,  2002-Vol  288,  No. I  325
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RISKS AND BENEFII 'S OF ESTROGEN PLUS PROGESTIN

Figure 2, Cumulative Dropout and Drop-in
Rates by Randomizatron Assignment and
Follow-up Duration

Prer,alence of prior cardiovascular
disease was low and levels of cardio-
vascu la r  r i s l<  lac to rs  were  cons is ten t
with a general ly healthy popLrlat ion of
pos tmenopausa l  women.  An assess-
m e n t  o f  c o m m o n l y  s t u d i e d  b r e a s t
cancer r isk factors, both individual ly
and conrbined using the Gail  nrodel,20
ind ica te  tha t  the  cohor t  in  genera l
was no t  a t  inc reased r i sk  o [  b reasL
cancer.

Fol low-up, Adherence,
and Unblinding

Vital status is known for 16025 ran-
dornized part icipants (96.5ol"),  includ-
ing449 (2.7%) known to be deceased.
A to ta i  t - r f  581 (3 .5u lo )  par t i c ipants  wcre
lost to fol low-up cir stopped providing
outcomes information for more rhan lB

montlrs. The remainin g 15 57 6 (93.87o)

provided recent outcorne information
(F igure  I  ) .

At the t irne oI this report,  al l  women
had bcen enrol led for at leasr 3.5 years,
vr, i th an average lol low-up of 5.2 years
and a lnaximum of 8.5 years. A sub-
6tantial number o[wornen had stopped
taking study drugs at some rime (42%

of estrogen plus progestin and 38o/o of
p t a c e b o ) .  D r o p o u t  r a t e s  o v e r  t i m e
(Ftcunn 2)  exceeded c les ign  pro jec-
t ions, part icularly early on, but com-
pare favorably with community-based
adhe lence to  pos tmenopausa i  hor -
rnones.rr Some women in both groups
init iated hormone use through their
ov,n clinician (6.2oti'inthe estrogen plüs
proSesl in group and I0.7olo in the pla-
cebo group cumulatively by ihe sixth

Dr1.1o-t Drop..n i
a Eurogen+Progestn O Estrogen +progestrn

l ^ P a c e b o  a P a c e b o  
]

a o l

, u1

.;:l
o 20  1

' : ]

o L

Dropout refers to women who discontinued study
medicatjon; drop- in, women who discontinued study
medicatjon and received postmenopausal hormones
throush their own clinician.

Table 2,  Cl in ical  Outcomes by Randomizat ion Assignment '

No. of Patienls (Annualized %)

Estrogen + Progestin
(n = 85oo)Outcomes

Placebo
(n = 81 02) Hazard Ratio Nominal 95% Cl Adiusted 95% Cl

Follow up linre , mean (SD), mo 62 .2  ( 16 .1 ) 61  2  ( 15  0 ) NANA
Cardiovascular diseaset

CHD 164 (0.3/) 122 {0.30) 1.02-1 .63 0 .85 -1 .971 2 9
CHD death 33 (0.07) 26 (0.06) o .70-1 .97 0.47 2.98
Nonfatal Ml 133 {0 30} 96 {0 23) 1 .O2 -1 .72 0 82  2 .131 3 2

CABG/PTCA 183 (0 42) 171 (O.41) o.B4-1 .28 0  7 1 - 1 . 5 11 0 4
Stroke 127  (O29 \ 85 (0 21) 1 . 4 1 1 .0 / - 1 .85 0.86 2.31

Fatal 16 (0.04) 13 (0.03) 1 . 2 0
1 . 5 0

0.58-2.50 o.32 4.49
Nonfatal 94 iO 21) 59 (0.14) 1 .08  2 .08 0.83-2.70

Venous thromboembolic disease 67 (0.16) __ - .  2.11 _
Deep vein thrombosis 1 15 (0.26) 52 (0.1 3) 2 .O7
Pulmonary embolism 70 (0. 16) 31 (0.08) 2 . 1 3

151 (0.34) 1 58-2.82 1 .26  3 .55
1.49-2.87 114 -3 .74
1 39-3.25 0.99-4.56

Total cardiovascular drsease 694 {1 .s7) 546 (1 .32) 1 .09 -1 .36 1 00- 1 .49t . z a

1 , 2 6
Cancer

lnvasive breast 166 {0 38) 124 (0,30) 1.00-1 .59 0.83-1.92
Endometrial 22 (O.05\ 25 (0 06) 0 .47  1 .47 o.29-2.320.83
Colorectal -_ 45 (0.10)

502 (1 .1 4)
67  (0 .16 ) 0.63 0.43-0.92 o.32,1 .24

Total 4 5 8 ( 1 . 1 1 ) 1.03 0.s0 1 .1 7 o 86-1 22
Fractures

Hio 44 {0.10) 62  (0 .15 ) 0.45-0.98 0  33  1 .330 6 6
Verlebral 41 {0.09) 60 (0. 15) 0.66 0.4.1-0.98 0 32-1 34
Other osteoporoticJ 579  (1  31 ) 701  (1 .70 ) ,_. o.7/ _

4 .76
0 69-0.86 0.63-0 94

Total 650 (1.47) 7BB (1 .9r ) 0.69 0.8s 0.63-0.92
Death

Due to other causes 165 (0 37) 166 (0.40) 0 .74 -1  . 14 0.62  1 .35o.92
Total 231 Q.52j 218 (0 53) 0.98

1 . 1 5
0 .82  1  . 1  8 o.70-1 .37

Global jndexS 0  95  1 .39
*c l ind iCa leSconf idencenterVa| ;NA 'no tapp | icab le ;cHD'co |onarheaddSeaSe|M| ,myocard ia l in la rc t ion ;CABG,

transluminal coronary angioplasty.

i imrted 1o events during hospiialization except venous lhromboembolrc drsease reponed after January 1, 2000.

ralelv.

cancer, hrp tacture, and d€ath due lo other causes.

325 JAMA,  J r ,y ,  l z .  J t )02- \o l  28 t1  Nu.  i  lRspr rn ted) (12002 American l\'lcclical Asso<;iarion. All rights resen,ed

751 11 .70) 623 (1 .5r ) 1  . 03 -1 .28
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RISKS AND BENTFI' IS OF ESTROGEN PLUS PROGESTIN

year). These "drop-in" rates were also
greater than expected.

At the time of this report, ciinic gyne-
cologists had been unblindecl to trear--
menr asslgnlnent ftir 3444 wornen in the
estrogen plus progestin group and 548
women in tl're placebo group, primarily
Io manage persistent vaginal bleeding"
During the trial, 248 women in the es-
trogen plus progestin group and 183 in
the placebo group had a hysterectomy.

Intermediate Cardiovascular
Disease End Points

Blood l ipid levels, assessed in an B.6orir
subsample oI lästing blood specirnens
col lected from women at basel ine and
y'ear l ,  showed greaier reductions in
lo rv -dens i ty  l i1 . ropro te in  cho les tero l
( -  1 2 . 7 o / , )  a n d  i n c r e a s e s  i n  h i g h -
r lcnsity l ipoprotein cholesterr>l (7 .3o/r)
anci triglycerides (6.9olo) with estrogen
plus progestin relat ive to placebo (data

not shown). consistent with HERS and
PEPl.r0'22 Systol ic blood pressure was,
on average, I .0 mm Hg higher in womer.r
taking estrogen plus progestilr at I year,
r ising ro 1.5 rnm Hg ar 2 years and
beyond (da ta  no t  shown) .  D ias to l i c
blood pressures did not di l ler.

Clinical Outcomes
Cardiovascular Disease. Overall CHD
rates were low (T,rnle 2). The rate of
women experiencing CHD events was
increased by 29"/o lor women taking es-
trogen plus progestin relat ive to pla-
c e b o  ( 3 7  v s  3 0  p e r  1 0 0 0 0  p e r s o n -
years ) .  reach ing  nomina l  s ta t i s t i ca i
signif icance (at the .05 level).  Most of
rhe excess was in nonlätal lvl l .  No sig-
nif icant dif ferences were observed in
CHD deaths  or  revascu la r iza t ion  nro-
cedures (coronary artery bypass gralt-
ing or percutaneous translunrinal coro-
nary angioplasty). Stroke rates were aiso
higher in women receiving estrogen

Jrlus progestin (4lolo increase; 29 vs 2l
per 10000 person-years), wrth nrost of
the  e leva t ion  occr l r r ing  in  nonfa ta i
events. Women in the estrogen plus
progestin group had 2-fold greater rates
of venous thromboembolism (VTE), as
well  as DVT and PE individual l l ' ,  with
almost al l  associated Cls excluding I.

Table 3" Cause of Death by Randomization Assignment
No. (Annualized %)

I

Estrogen + Progestin (n = 8506) Placebo (n = 8102)

Total deaths 231 10.52) 218 (0 53)

Adjudicated deaths 215  (0  49 ) 20r (0.49)
Cardiovascular 65 (0 r5) 55 (0 13)

Breasl cancer 3 (0  01) 2  ( < 0  0 1 )
Othelutner cancer

Olher known ca

104 (0.24) 86 (0.21)

ner Known cause 34 (0 08) 41 (0 10)

unKnown cause 9 (0.02) 17 (0 04)

02002 Arnerican l\{edical Associalion. All rifhts reserved

Rates ofVTE were 34 and 16 per 10000
person-years in the estrogen plt ts pro-
ges t in  and p lacebo groups ,  respec-
t i ve ly .  To ta l  card iovascu la r  d isease,
including other events requir ing hos-
pitalization, was increased by )2o/o in
thc  csr rogen p l t t s  p roges t rn  g roup

Cancer. fhe invasive breast cancer
rates in the placcbo group were con-
sistent with design expectat ions. The
260lo increase (38 vs 30 per 10000 per-
son-years) observed in the estrogen plus
progestin group almost reached nomi-
nal statistical signi[icance and, as noted
herein. the weighted test stat ist ic used
for monitoring r.r'as highiy signiticant.
No s i1 ;n i f ' i can t  d i f fe rence was ob-
served fur in situ breast cancers. Fol-
low-up rates for rnammography were
comparable in the estrogen plus pro-
gestin and placebo groups. Colorectal
cancer rates were reduced by 379i, (10

vs  l6  per  ) .0000 person-y -ears ) ,  a lso
reach ing  nomina l  s ta t i s t i ca l  s ign i f i -
cance. Endometrial cancer incidence
was not af lected, nor was lung cancer
incidence (54 vs 50; HR. 1.04; 95orl '  CI,
0 .71-1 .53)  o r  to ta l  cancer  inc idence.

Fractures. This cohort experienced
low hip fracture rates (10 per 10000
person-years in the estrogen plus pro-
gestin group vs l5 per 10000 person-
years in the placebo group), Estrogen
plus progestin reduced the observed hip
and clinical vertebral fracture rates by
one third cornpared with placebo, both
norn ina l l y  s ign i f i can t ly .  The redr - rc -
l ions  in  o ther  os teoporo t ic  f rac tu res
(23olo) and total fractures (24%) were
stat ist ical ly signi{ icant (al l  associated
CIs exclude 1).

The global inclex showed a nomi-
nally significant. I5olo increase in the es-

trogen plus progestin group ( I 70 vs 1 5 I
per 10000 person-years). There rvere no
clili'erences in mortality or cause o[ cleath
between groups (Taslt 3).

Time Trends

The Kapian Meier est irnates ol culnu-
lat ive hazards (FIGURE 3) for CHD in-
dicate that the di[[erence between treat-
ment  g roups  began to  deve lop  soon
after randomization. These curves pro-
v i d e  l i r r l e  e v i d e r r c e  o I  c < - r n v e r g e n e e
through 6 years ol lol low-up. The cu-
mulative hazards for stroke begin to di-
verge b'etween t and 2 years after ran-
domization, and this dif ference persists
beyond the fi{th year. For PE, the curves
separate soon after randomization and
s h o w  c o n t i n u i n g  a d v e r s e  e l l e c t s
throughout the observation period. For
breast cancer, the cumulative hazard
[unctiotrs are comparable through the
Iirst 4 years, at which point the curve
fbr estrogen plus progestin begins to rise
more  rap id ly  than tha t  lo r  p lacebo.

' 
Curves fur colorectai cancer shorv ben-
efi t  beginning at 3 years, and curvcs lor
hip fracture show increasing cumula-
tive benefit over tinle. The difference
in hazard rates lor the global index
( F t c u n s  4 )  s u g g e s t s  a  g r a d u a l  i n -
crease in adverse elfects compared with
benefi ts for estrogen plus progestin
throrrgh year 5, rvi th a possible nar-
rowing of the difference by year 6; how-
ever, HR estimates tend to be unstable
beyond 6  years  a f te r  randornrza t io t r .
Total mortal i ty rates are indist inguish-
able belween estrogen plus progestin
and placebo.

:fests for linear trends with time since
ranCornization, basecl on a Cox pro-
port ional hazards model with a t ime-

(Repr inted) JAMA, July lJ ,  2002-*Vol  288,  No. I  327
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Figure 3. Kaplan-Meier Estimates of Cumulative Hazards for Selected Clinical Outcomes

Etrg Progesl in

RISKS AND BENEFITS OF ESTROGEN PLUS PROGESl IN

depenclent covariate, detected no trencl
with t ime lor CHD, stroke, colorectal
cancer, hip fracture, total morral i ty, or
the global index (Taurl 4)" There was

some evidence lor an increasing r isk ol
breast cancer over t ime with estrogen
plus progestin (z--2.56 cornpared with
a nonr inal z score for stat ist ical signif i-

c:rnce o[ |  .96) and a decrcasing r isk oI
VTE u ' i th  r ime (2= -2 .45) . - [ ' ] rese  re -
su l ts  mnst  be  v iewed caut ious ly  be-
cause the  number  o [  events  in  each
in te rva l  i s  modest ,  the  da ta  in  ia te r
years are st i l l  incomplete, and later year
cornpar isons  are  l i rn i ted  to  wonren
sti l l  at r isk o[ their f i rst event lor that
ou tcome.

Subgroup Analyses
Cardiovascular Disease. A small  sub-
set o[women (n=400, average fol low-
up, 57.4 months) in WHI reportecl con-
d i t ions  a t  base l ine  tha t  wou ld  have
made them el igible for HERS, ie, prior
MI  o r  revascu la r iza t ion  procedures .
Among these women with establ ished
coronary  d isease,  the  HR fo r  subse-
quent CHD lor estrogen plus proges-
t in reiat ive to placebo was 1.28 (95%

CI,0.54-2.56) with l9 vs I6 events. The
remaining women, those without prior
CHD,  had an  ident ica l  HR fo r  CHD
(145 vs  106;  HR,  I .78 ;95o/o  CI ,  1 .00-
1 .65) .  Few women wi th  a  h is to ry  o t
VTE were enrol led, but these data sug-
gest a possibility that these women may
be at greater r isk ol future VTE events
when taking estrogen plus progestin (7

vs  l ;  HR,  4 .90 ' ,95" /o  CI ,  0 .58-4L06)
than those without a history of VTE
(  I 4 4  v s  6 6 ;  H R ,  2 . 0 6 ,  9 5 " / "  C I ,
|  51-2.76). Forstroke, priorhistory did
not  confer  add i t iona l  r i sk  ( I  vs  5  in
women wi th  p r io r  s t roke ;  HR,  0 .46 ;
95o/u Cl,0.05-4.51; 126 vs B0 with no

l r r i o r  s t r o k e ;  H R ,  I  4 7 , 9 5 " / L  C l  ,
I  I  I  - 1 . 9 5 ) .  N o  n o t e w o r t h y  t n t e r a c -
tions with age, racdethniciry, body mass
ir-rdex, prior hornone use, srnoking sta-
lus ,  b looc l  p ressurc .  t l i abe tes .  asp i r in
use, or stat in use were l i runcl for the
e [ [ e c t  o l ' e s l r o g e n  p l u s  p r o g e s t i n  o n
CHD, stroke, or Vl-E.

Breas t  Cancer .  Womel r  repor t ing
pr io r  pos tmenopausa l  hornrone use
had higher Hlts lbr breast cancer asso-
c i a t e d  w i t h  e s t r o g e n  p l u s  p r o g e s t i n
ruse than those who never used post-
nrenopausal horrnones (among never
users ,  I l4  vs  102;  t IR ,  l  06 ;  95ok  C l ,
0 .81-1 .38 ;  fo r  women r . l i th  {5  years
o f  p r io r  use ,  32  vs  L5 ;  HR,  2 . I3 ' ,951"
C I ,  l . l 5 - 3 . 9 4 .  l o r  w o m e n  w i t h  5 - 1 0

-  Placebo

No. at Rsk
Estrogen +
Pfogesrn 8506 836,1 B2BO Bi74 7054 4295
Placebo 8102 8013 7921 7825 6679 3373

H R ,  1 . 4 1
9 5 % n C , I 0 7 - r . 8 5
95% aC.0  86-2 .31

8506 8375 8277 B1s5 tA32 4272 20BB Br4
8102 8005 7912 7804 6659 3960 1t6A 524

!nvasrve Breast Cance/

HF,  1  .26

8506 8378 B27i 8154 7400 4234 2064 801
8102 8001 7891 7772 6619 3922 1740 523

Stroke

Hip Fracture

HR,0 .66
95o; ncr,0 45 0.98
9 5 % a c l  0 3 3  1 . 3 3

Coronary Heart Disease

p

iü
I

3
g-
E
t

O

0.c3.l

I  H R . 1 2 9

I 959b nol,  1 02'1.63
95% aC1. 0.85-1 97

0.02 !

I

p
N o.o2
d
I

6
l

E  o  o r
O

0 0 1

No a1 Rrsk

Estrogen +
Progesln 8506 8353 B24B 8133 7004 4251 2AB5 814

Piacebo 8102 7999 7B99 7789 6639 3948 1756 523

P!lmonary Embo;ism

0.03 
1

H R , 2 . 1 3
959; nC 1.39 3 25
95% aCl. 0.99-4.56

21AE 820
1774 526

'*l

o o z l

a a , j

Colorectal Cancer

ilF. 0 63
9 5 7 0 n C . 0 J 3 - 0 . 9 2
95% aC.  0 .32-1  24

c

il
I

z
6-
E

No at RrsL

Estrogen +
Progesln 8506 a379 8291

Placebo 8102 8003 79ro

Time y

8194 7073 4305 211 i  825
7811 6660 3958 1755 522

J q S D 0 1 2 3 4 5 6
Trme, y

85C6 8382 8299 8190 7473 4305 2116
8102 8009 7915 7801 6659 3958 1763

826
525

HR indrcates hazard ratio, nCl, nominal confidence interval: and aCl, adiusted conficlence interval
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/ ),ears of prior use, l l  vs 2; HR, 4.61;
9 5 %  C I .  1 . 0 1 - 2 1 . 0 2 :  a n d  f o r  w o m e n
wi th  >  l0  years  o f  p r io r  use ,  9  vs  5 ;
l tR ,  l .B I ;95o/o  C l ,0 .60-5 .43 ;  tes t  fo r
t r e n d ,  z = 2 . 1 7 ) .  N o  i n r e r a c t r o n s
between estrogen plus progestin and
age.  race /e thn ic i ty ,  fami ly  h is to ry ,
par i t y ,  age a t  f i r s r  b i r rh ,  body  mass
index, or Gail-model r isk score were
observ'ecl for invasive breast cancer.

Further Analyses

Becausc a nurnlrer of wonren stopped
study medications during lbl low-up,
several analyses we re performe d to ex-
amine the sensitivity of the principal HR
estimates to actual use of study medi-
cations. Analyses that censored a wom-
an's event history 6 nronths atter be-
coming nonadherent (using {80o/o of
or stopping study drugs) produced the
largest changes to estirnated e[fect sizes.
This approach increased HRs to I .51 for
CHD, to 1.49 fr lr  breast cancer, to I .67
for stroke, and to 3 29 for VTE. Analy-
scs attr ibtrt lng events to actual hor-

mone use ("as treated," al lowing for a
6-month lag) produced more modest
changes to these estimates. Anaiyses ex-
cluding women randomized during the

period when the unopposed-estrogen
coml ( )nent  $ 'as  open to  women w i th
a u terus and analyses stratifyir-rg by en-
rolhnent period did not substantial ly

Figure 4. Kaplan-Meier Estimates of Cumulative Hazardslor CIobal lndex and Death

0 . 1  5 Glotral lndex

H B ,  1  1 5
95% nor ,  r .03  J  .28
95% ac l ,0 .95  1 .39

Death

H R  0 9 8
9 5 %  f C  , 0 . 8 2  1 . 1 8
95o/.  aC|.0.70-1 37

€  0 .10
E
I

I
t!

E
.3 oos

No. at Rrsk
Fstrogerr +

Proges tn  8506 8291 8113
placebo 8102 tg39 7774

3 4 5 6 7

Time, y

6755 4058 1964
6425 3794 1662

2 3 4 5 6 7
Trne y

8313 8214 7495 1320 2121
7936 7840 6697 3985 1/77

B2A
530

83BB
8018

758
495

7927
7607

0

8506
81 02

HR indicates haza(d talio, nCl, nominal confidence interual, and aCl, adjusted confidence intefval

f E"t.@. - P.q".l^ I
L- ","""b" _ i

Table 4. Selected Clinical Outcomes by Follow-up Year and Randomization Assignment*

Year 1 Year 2

Outcomes E+P Placebo Rat io

Year 3

E + P Placebo Ratio E + P Placebo Ratio

No. ol parlicipant-years 8435 8050 8353 /sB0 B26B 7888

Corcrnary hearl disease 43 t0 51) 23 (0 29) 1.78 36 (0 43) 30 (0.38) 1 15 20 (0.24) 18 (0.23) 1 06
17 p.20) 17 lO 21) 0.95 27 (O 32\ 15 (0 19) 1 .72 30 (0.36) 16 (0.20) 1 79Stroke

Venous thromboembolisnr 49(058)  r3 (0  16)  360 26 (0.31) 1 1 (0 14) 2.26 21 (O.25) 12 (C.15) 1.67

Invasive breast cancer 1 r  ( 0 . 1 3 )  1 7 ( 0 2 1 ) o.62 26 (0.31) 30 (0.38) 0 83 28 (0 34) 23 (0.29)
z pna z tctoz 0.95 4 (0.05) 4 (0.05) 0.96 1 (0.05) s (0 06)

t .  t o

Endometrial cancer

Coloreclal cancer 10 (0 12) 15 (0.19) 0 64 9  (0  1  1 )  ' , . 17r 1 (0.13) 6 (0 0/) B (0.10) 0.72
Hip fracture 6 ( 0 0 / )  s ( 0  1 1 )  0 6 4 B (0.10) 13 (0 16) 0 5s r  1 (0.13) 12 (0.15) 0 87

Total death 22 (O.26j 17 (0.21) 1 .24 30 (0 36) 30 (0 38) 0 e6 39 (0 47) 35 (0.44) 1.06

Global index 123  (1  . 46 )  96  (1 .19 )  1 .22 117 \1 .47) 1 09 127 l1 .54) 1 07 (1 .36) 1 . 1 3134 (1 .60)

Yea( 4 Year 5 Year 6 and Later

Outcomes E+P Placebo Rat io E+P Placebo Batio E + P Placebo Ratio
z Score

for Trendf

No. of parlicipant years 7926 t562 5964 s566 5129 4243
Coronary heart disease _25 (0 32)._ 24 (0 32) 0.99 23 {0 39) I {0.16).
Slroke 25 (O.32) 14 (0.  19) 1 .70 16 (0.27) B (0.14) 1 8 7 15 (0.35) 0.66 -0.51

2 3 8 17 (0.33) 1 I ( 0 . 4 2 )  0 / 8  1 . 1 g

12 ii].23)
Venous thromboembol isn)  27 (0.34) 14 (0.19) 1.84 16 10.27) 6 (0.11) 12 (O.23) 11 (0.26) 0.90 ,2.452.49

Invasve oreast cancer 40 (0 50) 22 (0.29) 1.73 34 (0.57) 12 Q.22) 2 64 27 (O 53) 20 p 47) 1 12

Endonretri?l cance' 10 (0.13) s (0 07) 1.91 1 {0.02) 4 {0 07) 1 (0.02)0.23 5  (0 .12 )  0  17

2 5 6

1 5 8

Colorectal cancer 9 (0. 1 1 ) 20 (0.26) 0.43 4 p ATl B (0.1 4) 0 .47 5 (0,10) 7 (0.16) 0.5S -0.81

Hip fracture B (0.  10) 1 1 (0.1s)  0 6s 5 (0 08) I  {0 14) 6 (0.  12) I  (0.21) 0.550.58 0.25
Total dealh ss (0 69) 48 (0 63) I.09 41 (0 63) 44 (0 /9) 0 8z 44 (0.86) 44 (1.04) 0 83 -0.79

Global index 155 (1  . 96 )  127  (1 .68 )  1 .16  112 (1  88 )  77 (1  . 38 )  136  100 (1  . 95 ) 99 (2.33) 0.84 , -0.87
*ErP jnd ica teses t rogenp lusproges l in  A l lou tcomedataarenumbero fpa t len ls (anrua l j zedpercen ' tage) .
T l -es ts fo r t rend{ ia rebasedonCoxpropor t rona lhazardsnrode lswi th t rmedepend€nt t rea lmente l iec ts  Thezscoresshown ndcate l rendsacrossa l l years

O2002 American N, ledical  Associat ion.  Al l  r ichts reserved (Repr inted) JAMA, Juiy 17,  2002*\nr l  288.  No. I  329
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a{lect the results. 
-fhese 

analyses sug-
g ( s l  l h a t  l h c  i n t e n t i o n . t ( ) - t r e a r  e s t i -
mates of HRs may somewhat underes-
t imale the elfect sizes relat ive to what
wou ld  be  observed w i th  fu l l  adher -
ence t0 study rnedications.

preventing CHD among u'omen rvith
a uterus concrlrs with HEIiS l indings
amorlg women rvith ci inical ly appar-
ent CHD,'0 with the Estrogen Replace-
ment for Atherosclerosis trial, in which
es t rogen p lus  p roges t in  c l id  no t  in -
hibit  progression,rJ and with a tr ial  in
women with r,rnstable angina that did
not  observe  a  reduc t ion  in  i schenr ic
evenrs.2o The f inding of an increased
risk after initiation of treatment in Wlll
is sini i lar to HERS. ln HER5. after 4. I
and 6.8 years o[ fol iow-up, hornrone
therapy did not increase or decrease risk
of cardiovascular events in u,<imen lvith
CHD."  The WHI  exrends  rhese { ind-
ings to include a wider range ol womrn,
including younger women and those
without cl inical ly apparent CHD, and
indicates that the r isk rnay persist lor
some years.

Unlike CHD, the excess risk of stroke
in  the  es t rogen p l r rs  p roges t in  g roup
was not present in the l i rst year but ap-
peared during the second year and per-
sisted through the f i f th year. Prei imi-
nary analyses indicate that the modest
dif ference in blood pressure between
groups does not contr ibute rnuch to an
explanation of the increase in strokes
(data not shown). The l indings in WHI
fc;r stroke are consistent with but some-
what more extreme ttran those of lIEltS,
which reported a nonsignilicant 23% in-
crease in the treatment grorrp.26 The re-
sults were aiso more extremc than those
of'  the Women's Estrogen and Strokc
Trial of esrradiol (wrthout progestin) in
women with prior stroke, i,r,hich lound
no e{ fec t  o I  es t rogen on  recLr r ren t
strokes overal l  but some increase in the
first 6 nronths.2T lr ials of the effect of
estradiol on carotid intirna-nredia thick-
n e s s  h a v e  y i e l d e d  c o n f l i c t i n g  r e -
sults.28,2e At least I  observational srudy
has suggested that that use oIestrogen
pius progestin is associated u,i th higher
risk oIstroke than estrogen aione.rr In
WHl, there was no indication that ex-
cess strokes due to estrogen plus pro-
gestin were more likely to occur in older
women, in wonten with prior stroke
hrs to r l  ,  by  racdethn ic i ty .  o r  in  women
wirh high biood pressure ar basel ine.
Therefore, i t  appears thar estrogen plus

progestin increases t ire r isk oI strokes
in apparently healthy rvonlen.

Venous thrornboembolism is an ex-
p e c t e d  c o m p l i c a t i o n  o [  p o s t m e n o -
pausa l  hormoncs .  and the  pa t te rn  over
t ime in WHI is consistent \ \4th the f ind-
ings from HERS and several obsen'a-
t ional srudies.ro lr

Cancer

]'he WHI is the first randomized con-
trolled trial to confirm that combined es-
tr'<lgen plus progestin does increase the
risk of incident breast cancer and to
quanti fy the degree of r isk. The WHI
could not addrcss the r isk ofdeath due
to breast cancer because with the rela-
tively short follou-up time, few women
in ttre Wll l  have thus lar died as a re-
sult ofbreast cancer (3 in the active treat-
ment group and 2 in the placebo group).
The risk of breast cancer emerged sev-
eral years after r;rndomization. After an
average fol low-up of about 5 years, the
adverse  e f lec t  on  breas t  cancer  had
crossed the monitoring boundary. The
26onr cxCess oI breast canccr is ccrnsis-
tent rvith estimates lrom p<-roled epide-
miological data, which reported a 15ulo
increase for estrogen plus prcgesl in trsc
for less than 5 years and a J3"l' increase
for use for more than 5 years. J2 It is also
consisrent with tlre (nonsignilicant) 27(/o
increase found after 6.8 years oi fol-
lorv-r,rp in HERS.rr

With more common use of estrogen
plus progestin, several epidemiological
studies lrave reportecl that estrogen plus
progestin ailpears to be associated with
greater risk ol breast cancer than estro-
gcn alone.r+ r7 In the PEPI tr ial ,  wonerl
in the I estrogen plrrs progestin groups
had rnuch greater increases in mammo-
graphic densitv (a predictor o{ breast
cancer) than women in the esLrogen or
placebo groups.rs ln wHl, the HR for es-
rrogen plus progestin was not higher in
women with a farni ly history or other
risk läctors for breast cancer, except for
reported prior use of postmenopausal
hormones" This rnay suggest a cumula-
trve el lect o[; ,ears ol exposure to post-
menopausal hormones.

Endornetr ial cancer rates were low
ancl were not increased bl' 5 vears oI es-

€r2002 Anrerican l\lec.lical Assooiation. All rielrts rcsen,ed

Co^,tttlENT
Ihe  WHI  prov ides  ev idence f rom a
large randomized trial that addresses the
i m p o r t a n t  i s s u e  o I  w h e t h e r  m o s t
women r,r ' i  th an intact uterus in the de-
c a d e s  o I  l i l e  l o l l o w i n g  m e n o p a u s e
should consider hormone therapy to
Drevent chronic disease. The WHI en-
iol led a cohort of rnostly healthy, eth-
nically cliverse wonlen, spanning a large
age range (50-79 years at baseline). lt
is noteworthy that the increased r isks
lor cart l iovascular disease and inva-
sive breast cancer were present across
raciaVethnic and age strata ancl were not
inl luenced by the antecedent r isk sta-
tus or prior disease. Hence, the results
are l ikely to be generai ly appl icable to
healthy women in this age range. At the
t ime the  t r ia l  was  s toppec l ,  the  in -
creases in numbers of invasive breast
cancers, CtlD, stroke, and PE made ap-
prox i rna te ly  ec lua l  con t r ibu t ions  io
harm tn  the  cs l rogcn p lus  p r t - rges t i r r
group compared with placebo, which
w e r e  n o t  c o u n t e r b a l a n c e d  b y  t h e
smaller reductions in numbers of ir ip
fractures and colorectal cancers.

Cardiovascular Disease

Even though the trial r,r'as stopped eariy
for harm from breast cancer, a suffi-
cient number of CHD events had oc-
cur red  by  5 .2  years  o f  average fo l -
low-up to suggest that continuation to
the planned end would have been un-
l ihely to yield a favorable result for the
nrimarv outcome of CHD- Even il there
*... u..u.rrrl ofclirection toward ben-
efi t  of a magnitude seen in the obser-
vational studies ( ie, a r isk reduction of
55olo) during the remaining years! con-
dit ional power analyses indicate that
less  than l0o /o  power  remai r - red  lo r
showing potenrial benefi t  i I  the tr ial
c0ntinued.

The WHI f inding that estrogen pius
progestin does not confer bene{ir for
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trogen phrs progestin exposure. Close
moni to r ing  fo r  b leed ing  and t rea t -
ment of hyperplasia rnay contr ibute ro
the absence of increased r isk oI endo-
metriaI cancer,

l 'he reduction rn colorectal cancer in
the hormone group is consistent with
observational studies, which have sug-
gested fair ly consistently that users ol
postmenopausal hormones rnay be at
lower r isk of colorectal cancer.re The
mechanisms by which horrnone use
might reduce r isk are unclear. Results
from other tr ials of postmenopausal
hormones wil l  help resolve the effects
of honnones on colorectai cancer.{o

Fractures

The reductions in clinical vertebral lrac-
tures, other osteoporotic fractures, and
combined fractures supported the ben-
efi t  {br hip f iactures found in this tr ial .
l 'hese f indings are consistent with the
observational dau and lirnited data from
clinicai tr ials{r and are also consistent
with the kr.rown abiliry o[estrogen (rvith

or without progestin) to maintain bone
mineral density.ar The WHI is the l l rst
tr ial  with clef init ive data support ing rhe
ability ol postmenopausal lrormones to
prevent iractures at the hip, vertebrae,
and other sites.

Overall Risks and Benefits

At the end of the tr ial ,  the globai in-
dex  ind ica ted  tha t  there  were  more
harrnful than beneficial outcomes in rire
estrogen plus progestin group vs the
p lacebo group.  l -he  mon i to red  ou t -
comes included in ihe global index were
selected to represent diseases oI seri-
ous import that estrogen plus proges-
t in treatment might al lect, and do not
include a variety of other conditions and
mcasures that rnay be affected in un-
favorable or favorable ways (eg, gal l-
b ladder  d isease.  d iabetes ,  qua l i ry  o l
l i fe, and cognit ive function). The data
on these and other outcornes wil l  be
the  sub jec t  o f  fu tu re  pub l i ca t ions .
A i l - c a u s e  r n o r t a l i t y  w a s  b a l a n c e d
between the groups; however, longer
fo l low-up may be  needed to  assess
the inrnact of the incident diseases on
total mortal i ty.

The absolute excess r isk (or r isk re- '
ducrion) attr ibutable to esrrogen plus
progestin was low. Over I  year, 10000
women taking estrogen plus progestin
compared with placebo rnight expcri-
e n c e  7  r n o r e  C H D  e v e n t s ,  B  m o r e
s t rokcs .  t l  inore  PEs.  8  more  invasrve
breast cancers, 6 lewer colorectal can-
cers, and 5 fewer hip l iactures. Com-
b in ing  a l l  the  mon i to red  ou tcomes,
women taking estrogen plus progestin
nright expect l9 rnore events per ) 'ear
per l0000 wornen than wornen taking
placebo. Over a longer period, more t1'pi-
ca l  o I  the  dura t ion  o f  t rea tment  tha t
would be needed to orevent chronic dis-
ease, the absolute numbers oIexcess orlt-
comes would i  ncrease proport ionately.

During the 5.2 years o[ this tr ial ,  the
number of women experiencing a global
index event was about I00 more per
10 000 women taking estrogen plus pro-
gestin than raking placebo. I l  the cur-
rent f incl ings can be extrapolated to an
even longer treatrnent duration, the ab-
solute risi<s and benefits associated rvith
estrogen plr.rs progestin for each of these
condit ions could be substantial and on
a popr-r lat ion basis could account tor
tens o[ thousands oI condit ions caused,
or prevented, by hormclne use.

Limitations

Th is  u ' ia l  tes ted  on ly  i  d rug  reg imen,
C88,0.625 mg/d, plus MP,{, 2.5 nrg/d,
in oostnrenooausal wornen rvith an in-
tact uterus. Tire results do not necessar-
ilv apply to lower dosages o{ these drugs,
to other lbrmulatir-rns <lf oral estrogens
and progestins, or to estrogens and pro-
gestins administered through the trans-
dermal route. l t  remains oossible that
transt. lernral estradiol wit lr  progrstcr-
one, which more closely mimics the nor-
mal physiology and metabolism o[ en-
dogenous sex hormones, tnav providc
a dilferenL risk-benefit pr olile. The WHI
findings for CFtD and VTE are sup-
porred by findings irom HERS, but there
is no othel evidence t ioni cl irr lcal tr ials
for brcast cancer and colorectal cancer,
and only limited data fiorn trials con-
cerning fractures.

lmpornntly, this tr ial  could not dis-
t inguish the effects of estrogen lrom

those of progestin. The effBcts of pro-
gestin may be important lor breast can-
cer  and a therosc le ro t i c  d iseases ,  in -
cluding CHD and stroke. Per protocol,
in a separate and adequately powered
tr ial,  WHI is test ing the hypothesis of
whether oral.estrogen will prevent CFID
in I0 739 wonlcn who have had a lrys-
terectomy. l-he monitoring ol this rr ial
is similar to that lbr the tr ial  of estro-
gen plus progestin. At an average lol-
Iow-up o[ 5,2 years, the DSMB ]ras rcc-
onrment led  tha t  th is  t r ia l  con t inue
because the balance of overall risks and
benelim remains uncertain. fhese re-
su l ts  a re  expec ted  to  be  ava i lab le  in
2005. at the ulanned termination.

The relat ively high rates of discon-
t inuation in rhe active treatment arm
G2o/o) and crossover to acnve lrear-
ment in the placebo arm (10.7olo) are a
l imimtion of the study; however, the lack
ofadherence would tend to decrease the
observed treatment e{fecs. Thus, the re-
sults presentecl here may uncleresti-
rnate the magrrrtude o[ both adverse ef-
lects on cardiovascular disease and breast
canr:er and the beneficial effects on frac-
tu res  and co lo rec ta l  cancer  anrong
wolnen who adhere to treatment.

The fact that the tr ial  was stopped
early decreases the precisicln ot est i-
mates o1 long-terrn treatment ef lects- A
longer intervention period rnight liave
shor.r,n nlore prol lounced benefir for
fractures and might have yielded a more
precise test ol'the hypotl.resis that lreat-
ment reduces colorectal cancer. None-
theless, i t  appears unl ikely that ber-ref i t
ior CHD would have ernerged bv con-
tinuing the triai to its planned termina-
tion. 

-fhe 
trial results indicate that treat-

ment lor up to 5.2 years is notbeneficial
overall and that there is early harm for
CHD, continuing harm for stroke and
V'tE, and increasing harm for breast can-
cer with increasing duration of treat-
menr. This risk-benefit profile is not con-
sistent with the requiremens for a viable
intervention lor the prirnary prcven-
tion of chronic diseases.

lmplications

The WHI trial results provide the first
deliniLive data on which to base treat-
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lnent recomnlendatioru lor healthy post-
rnenopausa l  women w i th  an  in tac t
uterus, This tr ial  did not address the
short-term risks and bene[irs of hor-
nrones given lor the treatment of meno-
pausal symproms. On the basis of HERS
and other secondary prevention tr ials,
the American Heart Association recom-
mended against ini t iat ing posrmeno-
pausal honnones lbr the seeondary pre-
vention of cardiovascular disease.{i The
American lJeart Assoclat ion made no
firtn recttmmentlat ion lor prrmary pre-
vention while awaiting the results from
randomized clinical trials such as WHl,
and stated that continuarion of rhe treat-
ment should be considered on the ba-
sis of established noncoronary benefits
and risks, possible coronary benelis and
risks, and patient preference.

llesults irom WHI indicate that the
combrned postmenopausal hormones
CEE,0.625 mg/d, plus MPA,2.5 mg/d,
should not be initiated or continued lbr
the primary prevention of CHD. ln ad-
dit ion, the substantial r isks for cardio-
vascular disease and breast cancer must
be weighed against the benefir for frac-
tu re  in  se lec t ing  f rom the  ava i lab le
agents  to  p rcvent  os teoporos is .
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Abstract Background. ln laboratory animals, the con-
sumption of soy protein, rather than animal protein, de-
creases serum cholesterol concentrations, but studies in
humans have been inconclusive. ln this meta:analysis of
38 controlled clinical trials, we examined the relation be-
tween soy protein consumption and serum lipid concen-
trations in humans.

Methods. We used a random-effects model to quanti-
fy the average effects of soy protein intake on serum
lipids in the studies we examined and used hierarchical
mixed-effects regression rnodels to predict variation as a
function of the characterlstics of the studies.

Resu/ls. ln most of the studies, the intake of energy,
fat. saturated fat, and cholesterol was similar when the
subiecfs ingested control and soy-containing diets; soy
protein intake averaged 47 g per day. lngestion of soy
protein was assoclaled with the following net changes
in serum lipid concentrations from the concentrations
reached with the control diet: total cholesterol, a de-
crease of 23.2 mg per deciliter (0.60 mmol per liter; 95

T NC;]ISTION o{ vegetable protein in piace of anin.ral
I  protc in apl )eals  to be associated wi th a lower r isk
o1'coronary hcalt cl isease''1; this effect nral' reflect de-
crcuses in serunr choiestcrol corrcentratit lns.:i 

' l ' l ie 
cho-

lcsterol-lorvering elGcts of soy protcin as comparecl
rvith animal protein have been rei:ognizcd in animals
Ibl tnore than [J0 ] 'ears.+ Carroll reyierved the eyide rrce
that so)' protein produce<i less hypcrcholester<-rlernia
ancl iess atheroscleros.is in iaboratory anirnals tharr an-
imal prrotein.r' . l \ l though rnauy t: l inical invcstigators
h:rve exarnined thc ell 'ects ol soy protein on sertrrn l ip-
icls in hurnans, the restrlts have not lreen <:orrsistent6;
consequently, the Nutrit ion Corr-rmittcc of the American
Heart Associatiorr recently concluded thal sci1, protcirr
<lc<:r'eases serurn cholesterol conceutrations irr rairbits
but not iu hunians.T

Cllinical investigators have used a varietl, of soy
ploducts, dil lär' ing alnounts o1' soy pr.itein, dil lcr-ing
critcria trl-rr selecting subjccts, ancl a variety ol proto-
cols. !\ 'e pcr{orrnecl a meta-analysis ol ' these studies,
sincc combining the results ol rnultiple studics of srlall
or moderate size increases tl ie statistical power brought
to bcar on the research questior', and thus gleatlv err-
hances the precision of esiimatcs o{'eilect. Our analysis
intl icated that the e{l 'ects of sov protein in lorvering
scrum cholesterol concentratiorrs r.vere significantly rc-
latecl to the irrit ial semm cholesterol valucs. The substi-
tution of so)' protein for anin'ral protein procluced sig-
nil icant decreascs in scrum conccntrations of total
cholesterol, low-densitf i ipoprotein (LDL) r:holesterol,
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percent confidence interval, 13.5 to 32.9 mg per deciliter
[0.35 to 0.85 mmol per liter]), or 9.3 percent; low-density
Iipoprotein (LDL) cholesterol, a decrease of 21.7 mg per
deciliter (0.56 mmol per liter; 95 percent confidence in-
terval, 11.2 to 31.7 mg per decil iter [0.30 to 0.82 mmol
per literl), or 12.9 percent; and triglycerides, a decrease
of '13.3 mE per deciliter (0.15 mmol per liter; 95 percent
confidence interval, 0.3 to 25.7 mg per deciliter [0.003 to
0.29 mmol per l i terl), or 10.5 percent. The changes in se-
rum cholesterol and LDL cholesterol concentrations were
directly related to the initial serum cholesterol concentra-
tion (P<0.001). The ingestion of soy protein was associ
ated with a nonsignificant 2.4 percent increase in serum
cancentrations of high-density lipoprotein (HDL) choles-
terol.

Conclusions. We found that the consumption at'
soy protein rather than animal protein significantly de-.
creased serLtm concentrations of total cholesterol, LDI:
cholesterol, and triglycerides. (N Engl J Med 1995;333:
276-82.)

and triglyr:eridcs without significantly aff 'ecting high-
dcrrsit l '  l ipoprotein (l l I)L) t;holesterol concentrations.

Mrrrtols

ldentif ication and Selection of Studies

Wc scar r :hed thc  rnc< i i ca l  l i t c ra tu rc  l i r l  s tud ics  o l  rhc  e  l ' l l c ts  o f  so1 '
p t o t e i r r  u n  s c r r r n r  t h o l c s l c l r l  c o r r c c t r t r a t i o r r s  i I r  h u m a t r s ; 3 7  a r t i c i r : s

cor r ta i r i rg  p r in rary  i -cJ )or ts  l vc rc  ider r t i l l cd . r i ' r  S tud ics  rvere  se lcc lc< l
l i r l  a r ra lys is  i l  t l r cy  had Lrscd  iso la tc< l  soy  pro le in  o r  tcx t r r red  sov  p t r ) -

Le in ;  i l  t l r cy  u ,c t ( :  con t r 'o l l c ( l  and l rad  c i thc r  a  c tossrx 'e r  r i r  a  p i t ra l l r l

des ig r r ;  iu rd  i l  they  prov id t : r l  i r r i t ia l  (basc  l i r rc )  va lues  so  tha t  chanscs
lö r  cac l r  s t r r t . l y  g r tup  r r ru ld  be  ca le  u la ted .  S tud ies  wcre  cxc luded i l '

t l t c r c  l v : r s  r r o  c o r r t r o l  g r o u l ) 8 J l ' l i ' 2 ! ' ? / ;  i l ' t h e y ' u s e d  s e v c r a l  s o u r c c s  < l l

vc { t : tab lc  pur tc in?r ' ;  r l  rvho lc  so ; ,beat rs  ra lh r : r  t l ta r r  s ( ) )  p r r , t c in  h ( ! (

rusr :d r ( r ;  o l  i l  bas t : - l inc  va lues  wcre  r ro t  p rov ided. : l  A I i c r  thcsc  [J  a r t i -

c les  werc  < :xdr rded,  29  ar  t i t : l cs  re rna i r rcd  i r r  t l r t :  a r ra l l s is .

Subgroup Analyses

( lhar rucs  i r r  sc r  unr  l ip id  a rnccr r t ra t i r lns  rvc re  ana lyzcd  in  re la t io r r  to

thc  i r r i t ia l  se lunr  l ip rd  va lucs ,  lhc  types  o l  soy  pr r r tc i r r  r rsed  ( i so la ted

soy  pro tc i r r ,  t cx tu red  soy  pro ic in ,  o r  a  conr t r i r ra t ion) ,  the  anrour r t  o1

soy  pro tc i r r  i r i scs(cd  ( in  g r ' : rn rs  per  day) ,  t l r c  L ; 'pc  o1 'd ic t  ( rs r ra l  Wcst -

c r r l  d ic t  ( ) r  lo rv - l i r t  a r r t i  lo rv -cho les t r : ro l  d ic t ) ,  t l r c  age g t  oup o l  l l r c  sub-

. jec ts  (adu l ts  o r  rJ r i ld rcn) ,  and thc  s i rn i la r i t y  o l  thc  cont ro l  d ic l  a ru l

thc  soy-cor r ta i r i i r rg  d ic t  (spcc i f i ca l l y ,  r 'egard i r rg  we iu l r t  changc i r r  t l r c

sub jcc ts  a rd  d ic ta l ) ,  in takc  o l '  l ; t ,  sa tu ra lcd  lä t ,  a rd  c l ro lcs tc to l ) .

S tudy  d i t 'Ls  we lc  cons idc led  to  b r  s im i la r  i r r  t c r rns  o l  rvc ig l i t  ch i ing t :

i l  t l i c  su l r jec ts 'change i r r  rvc igh t  dur ing  consr r rnp t io r r  o l  the  t l r t  d ic ls

d i< l  rx r t  d i l l t : r  s ig r r i { i car r t l y .  S tudy  d ie ts  n t : rc  co ls id t ' red  to  be  s i rn i la r

i r r  t c rms o l  thc  i r r take  o l  to ta l  d ieur ry  lä t ,  sa tu ra ted  lä t ,  and cho lcs-

tc ro l  i { ' t l r t :  reprx tcd  va lucs  l i r r  Lhc  soy-conta i t r i r rg  a r rd  con l r 'o l  d ic ts

d i { l l red  b1  lcss  t l ra r r  l i )  pc rccr r t .  lVher r  va lucs  \ \ ,e rc  n ( ) [  repor tcd  l i r r

rve ig l r t  uhar rgc ,  d ic ta ry  la t ,  o r  chr i i cs l t ro l  i r r lake ,  thcse  var iab lcs  rvc r r :
; iI rs t r rmut l  i l u l  lu  b (  s im i la r

Meta-Analysis

Surnrnar ' ; '  r ' esu l ts  o l 'each c l i r r i ca l  t r ia l  a r r r l  sc lcc tcd  charac tc l i s l i r : s

o l  thc  s t  r r r l l '  $ ,c r  c  t : r l )u la tcc l  l i l  ana l l ' s i s .  
' I ' he  

es t i rna t t :  o l -  th t :  p r  inc ipa i

c l l i c : t  r las  c le f incd  rs  thc  n rcar r  d i l i c r  u r lce  ( i r r  rn i l l i g ranrs  ; r t : r 'dcc i l i t c r )
l . rc twcr : r r  t l l e  c i ra r rg r :  in  l ip id  co l rcent t  a t io l rs  wht : r r  thc  sub jc r : ts  i r igcs t -
, . 'd  thc  :ov-cor r ta i r i r rg  d ic t  l f ina l  va iuc  n r i r rus  i r r i t ia l  va lue)  a r rd  thc

c l r a n g c  w l r c r r  t h c i  i r r g c s t c d  t h e  c o n t r u l  d i r t  ( f i r r a l  v a l u c  m i r r u s  i r r i t i a l

va iue) . ' Ih is  d i f l i r cncc  is  rc lc r l c r l  lo  as  the  n t l  chargc ,  In  add i t iona l

n r r ta -ana lvscs  rvc  uscd or r l l  th t :  rn r :a r r  d i l le lc r rcc  aL t r  i l ru tcd  1o  thc  in -

META.ANALYSIS OF THE EFFECTS OF SOY PROTEIN INTAKE ON SERUM LIPIDS
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gcs t io r r  o (  so l  p ro tc i r r . .Fbr  the  r< in rpu ta t ion  o l  poo lcd  c l lLcLs ,  cach

s t r id r  r ras . rss ig r r t :d  a  wc ig l r t  cor rs is t i r ra  o1  lh r :  r r :c i1>r r ra l  oJ  iLs  va l i -

aur : t : .  Whcr r  rau  da ta  u 'c rc  ava i lab lc ,  Ih r :  r 'a r iancc  l i r r  car : l r  s t r rdy  n ,as

ca icu la tcd  scp . r i t (e ly  by  t :o rnput i r rg  t l r r :  s ta r rdard  t iev ia t io r i  o l  thc  d i l -

l c le r rccs  bc luccr r  pa i r r :d  obscrva t ions  lb r ' t i r c  r : l i angc  dr r r ing  thc  sov-

c o n l a i n i r r g  d i c r  a n d  l h e  c h l n q c  d u r i r r q  t h c  c o n t l o i  ( i i c t ;  l l l c  s t i u r c l a l d

er ro r  o1  t l i c  t i i l l L rc r rc r :s  u ras  thcn  ca lc r r la ted .  lVhcr r  ra rn ,dara  rv r rc  r rn -

avü i iab lc ,  t l t c  var ia r rces  o l  t l r r :  d i [ { i : rc r rc t :  l v r : r r :  bascc l  on  lhc  Ncpo l tcd

sL; l rdar  d  d t :v ia t io r rs  l i r l  r : t i ch  l r )casur  e  anc l  o r r  c i l .h t r  r  cpor lc ( l  (  on  c -

la t ion  coc l l i c i r :n ls  o r  n ;por tcd  rcs i r i t s  o l  pa i l cd  t - tcs ts  iö r  thc  c l rangcs

dur i r rg  thc  r l l r )  . l i f t s .

[s t i rna tcs  o l ' the  avc lasc  c l i l c t  o l  s r ]v  p ro tc i r )  on  l ip id  va l r - res  a r rd

95 perccr r t  con f i t l t ; r rcc  i l r t c r  va is  rvc r r :  r :a lcu la tcd  lv i th  r r iodc ls  based or r
bo l l r  f l x r :d -c l lec ts  a r rd  ra r r< lom-c l l i c ts  assurnpt io r rs . ' t i , r ' l  B , tcause sub-

s t .u r t ia l  va f iab i l i t y  bcLrvcr :n  obsc lva t ions  rvas  i r rd ica ted  by  prc l im i -
n i l rv  tes ls  lb r  honr t igc r rc i t l , ,  rvc  l ravc  prescntcd  l l re  rcsu l ts  r r l ' r : i r rdom-

c l l i c ts  r r rodc ls  t : : r l cu la tcd  accor r l in { r  to  Lh t :  rne t l rod  o l  f )c lS in ton i iL r r

a r r r l  L a i l t l . r i ' l ' h e  a s s u t r p t i r , r , , r l  l r r t r r u u e r , c i t l , i n r l t l i c c l  b y  L l r c  u s c  o l '

r ; r r rc lom-c i le< :Ls  nrode ls  i s  l r laus ib lc  bccausc  o l ' the  c l i versc  c l i r r i ca l  sc t -
t i r rgs  ; r r rd  g ror r l ; s  0 l  su l r j r : c ts  an ; r l1 'z t : t l .

Prcd ic t i vc  modc ls  r re rc  a lso  r levckrped to  cxärn inc  charac ter is t rcs
< ,1  t l t c  s tud ics  t i l i l l  \ i ' r rc  hvoo l l r rs iz r : t l  to  i r l l uer r r ;c  l l r c  obscrvcd  l l cz i l -

mcn l  c l l i : ( : t s .  Fbr  t l r i s  pur l )osc)  t \ ( ) -s tage rn ix r :d  rcqr t :ss io r l  rnodc l r

( f i xcd-c { l i c ts  . r r r r l  ra r rdor r r -c l l cc ts )  \vc r1 i  uscd . rE , l l l  P rcd ic t iu r :  rnodc ls
rvcre  t :s t imatcc l  l ; r  h i t : r 'a rc l r i ca l  l ince l  n todc i i r rg .50  

' fh ts  
a [ ) l , r ( ) ; t r l r

tnodc ls  va t  i r r I io r i  an ]o I lg  s tud ics  as  a  {u r rc t ion  o{  the  c t ra r : rc tc l i s t i cs  o { '
th (  s tu ( lv  tha t  a r t :  h r 'po thes izcd  to  a l l cc t  thc  rosponsc  to  t rea lmcn l
; r r r r l  a  n t r -s tagc  ra r rdorn  c l r r r rponcnt .  Bot l r  nc t  and l ln : id jusLcd c l lbc ts

o l  l l r t :  subs t i tu t io r r  o l  so l  p r t tc i r r  l i r r  a r r i rna l  1>ro t t : i r r  sc rvcd  as  ou l -

cornc  va l ia l r l t s  i t t : r l te l r ra t i ve  rnodc ls . ' fhe  sc t  o l  p lcd ic t ( ) rs  uscd I i r r

l cs l i r r {  l r ) ' l ro lhcscs  i r r  r t : ! rcss ion  rnor l t : l s  rvas  dcßr rcd ; r t  the  ou tse t  a r rd
rvas  basr :d  on  a  p rc l im inary , rcv ie lv  o l  thc  l i t c ra tu re .  Sevcra l  a lLcr r r ; r
t i r  c  cod i r rs  su : i t ce i ( i s  r r r : re  cva lua tc r l  i l  p rc l i rn i r ra r  y  a r ra lyses .  ( )u r .  f i -
r ra l  n rode ls  in t ludcd the  sc t  o l 'o led ic to ls  sncr ; i l i cd  abovr :  l i r r  s r rb -

eror rp  ana ivscs .  
' l i r  

cs tab l i sh  ovcr t r l l  l cve ls  o f  va l iab i l i t y  i r r  t rca t rncr r (
c l l c t : t s ,  ou l  rcgrcss ion  ar raJys is  begar r  rv i th  thc  es t i rna t io r r  o l '  u r rcor r -
r l i t i o r ra l  ra r rdonr -c l l i : c ts  r tg rcss i< l r r  r ro t l c l r  w i thout  p rcd ic to rs .  I r r  a

scr ( ) r l ( l  phasc ,  J r r t :d i t ; lo ls  !vc lc  c ] l ten id  in to  t l rc  rno t lc ls  i r r  b ivar ia te

a r r d  r r r u l t i p l c - r c t r r ( i s s i o n  i r n a l y s c s . ' l ' h c  d c u r e c  o l  r c d u c t i o r r  i r r  v u r -

a rec  assoc ia tcc i  u ' i lh  e ; rc l r  p r  t :d i t : lo r  rvas  ca lcu la tec l  I>v  cornpar i r rg  thc
( ; ( )n l l )oncnIs  c i l  var ia r rcc  in  r rncor rd i t io r ra l  r r rodc ls  rv i t l i  t ] rosc  in  cor rd i -
t i o r r a l  t t r r i r l c i s  c o t r t a i t r i r r g  l ) r  r d i c l o t  s . " { r

Rrsur-rs
Gharacterist ics of the Studies

'fablc 
I  shor.r 's selcctecl chalacterist ir ;s ol '  thc studies

that met the cri tcr ia for analysis. 
' l 'he 

29 art icles chosen
included the f incl ings of 3{J cl inir:al studies; somc art i-
cles reporte(l  data for di l l 'erent subgroups ol '  subjects
trom onc study (e.g., those wit l .r  normal and th<-rse with
high cholesterol concentrat ions); othcrs reporlec{ on
trvo t l i f f i l t :nt cl inical studies. ]-he 3U cl inicai studies
werc analvzerl incleJrender.rt ly. ln , l  studies the subiects
$,ere chi ldrel i ,  whercas in 3 1 t l iey wcfe adults. Most
stucl ies incluclcd both n'ren al)d rvomen. but the data
r)ecessar\/  to analyze ef l 'ects of soy protein according to
scx \\ 'ere not avai lable" I \ , Iost studies used random as-
sigument \ . f  i th crossover desigri .  Tr.vcnty studies used
isolated soy protein, l5 used textured soy protein, and
3 usecl a combination o{ the two. Soy protein irrtake av-
eragcd 47 e per day (range, i7 to l2, l) ;  in l4 stucl ies (37
percel i t)  intake was <31 g per day.

In most studies the iDvestigarors artcrnptecl to pro-
vide sirni lar al.nounts of total Iät and saturatcd lat in
the  cont ro l  a r )c l  soy-conta in ing  d ie rs .  In  l4  s tud ies  the
diets werc sirni lar to conventional \ ! 'estern diets in Iät
al ld cl iolesterol conLent (thesc u,ere ternted "usual" cl i-
ets). and in l{J studies the ci iets were low in fat conrenr

'21 ,1

(<30 percent of '  energv) and low in cirolesterol corrtcnt
(<200 rng pel day). In 29 studies the aniorrnts of toral
fat and saturated fät u'ere sirni lar in thc r:ontrol anrl
soy-corl taining t i iets ( i .c.,  they dif l i : red by less than l0
percent); { l  ot}rer studics \ l ,elc ( le signe<l to l l rovide sinr-
i lar total fat ancl saturated lät intake but t l re sirni lar i ty
ol '  the cl iets was not docunrented. In 20 studies r:holes-
terol intake was sinl i laf in thc tn,o ( l icts; 9 ot l ' rer str ici ies
were dcsigned to provicle sirni lar cholesterol intake but
sinri lar i ty lvas rrot t lor:umentecl.

r\ l i  thc studics exoel) i ,  one37 werc clcsigned to nrairr-
tain rveight; 34 studies l 'eporte(l  similar rveight ohat)ges
for subjccts ingesting the control and soy-containirrg di-
ets. In al i ,  l9 studies l t i rd control an(. l  so),-containing di-
ets that were similar with rcspect to intake of dictary
fat (otal an(l  saturated), intake of dietary cholestcrol.
and rveight chairge. Thcsc l9 studies are l istecl as "sir l-
i l a r "  in  cach o l '  the  las t  th ree 'co lunrns  o{ 'Tab le  l .

Changes in Serum Lipid Concentrat ions
'fhe 

ingestion of diets containin-{ soy protein, as com-
pared with t l ie cont.rol cl iets, was ar:companied by a sig--
ni l i r ;arrt  rcduction iu serum concentrat ions of total cho-
lesterol,  LDL cholestcrol,  an(.I  tr iglvcerides (Table 2).
Thc net change (change during the soy diet rrrinu:,
charrger during the control diet) in serrrnt cholesterol cori-
oentrat ions was a decreasc of 23.2 mg per deci l i ter (0.60
mmol per l i tcr;  95 perccnt confiden(ie interval l i rr  the de-
crcasc, 13"5 to 32.9 nig per deci l i rer [0.35 to 0.tJ5 nrmol
pel l i ter]),  or 9.3 percent. Oi 3U studics, 34 (Bg percent)
reporte(l  i r  r ]et decrease and 4 ( l l  percent) reported a
net incrcaso in serünt cholesterol corrcentrat ions.

' fhe 
net changc in scrum LDL cholesterol corlcentra-

f ions was a decreasc ol '  21.7 mg per deci l i ter (0.56
rnmol per l i ter; 95 pefcent confidenr:e interval fbr the
der : rease,  l l .2  to  31 .7  r rg  per  r iec i l i l e r  f0 .30  to  0 .82
mrnol pel l i ter l) ,  or 12.9 per(:ent. I , ' igure I i l lustrates
t l ie  nc t  e  l l ' ec ts  o1 '  the  consumpt ion  o{ ' soy  pro te in  o r r  se-
runl LI)L cholesterol cor)centr ir t ions as rcported in 3l
studies. 1'wenty-six studies (84 percent) reported a net
rcduction, I i rur studies (13 percr:nt) reported an irr-
cleaser ai ld onc study (3 percel)t) repolted no charlge.

Soy protein intake did not signif icantly aff 'cct serun-r
IIDL r:holestcrol concentrat ions, but the r let cl iange was
alr i l rcfeasc of 2.4 pert:ent. Serum ver),- low-density l ip-
oprotein (VLDL) cholesterol concentrat ions \,vere r lol
signif icantly altcred by so1, protein. 

' f  
i re consunipt ion ol

so)'  protcin signif icantly decreasecl serum tr iglyceridc
concentrat ions, by 13.3 mg per der: i l i ter (0.15 mmol per
l i ter; f)5 peroent conndence interval fcrr the r. lecrease,
0.3 to 25.7 mg per r leci l i ter 10.()03 to 0.29 urmol per l i -
te r ] ) ,  o r  10 .5  percent .  C) l  30  s tud ies ,22  (73  pe lcent . )  rc -
porte(l  a net declcase in serum tr iglyr:eride concetrtra-
t iorrs, rvhereas I (27 perccnt) reported an incrcase.

Effect of Init ial  Serum Lipid Concentrat ions
-I'able 

3 summarizes the effgcts of varior,rs factols on
cl-ranges in serum cholesterol concentrat ions" In thc
compicte regression rnodel, the irr i t ial  senrm choles-
tet 'ol  concentr:rt ion was t] le only signif icant prcdictor
ol '  the change irr the serum cholesterol <:oncentrat ion
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Table 1. Characteristics of the 38 Sfudles.i'

A u g . 3 ,  1 9 9 J

S I U D T

Bakhr t  c t  a l . *

BakIit ct al.*'
Carroll ut al." '
Carroll et al. " '
Descov ich  e l  a l . r l
Funiagall i et al. 'o
Fur raga l l i  e t  a l . rB
Gadd i  e t  r l .  "

C i ldd i  e (  i l . ' "
(i iovannetti et al. l

Go ldberg  er  a l .  r '

Co ldberg  e l  a l .  ' '

Ho lmes e t  a l .  '

H O l m e s  e i  a l . '
f luff et al.: '
Jcnkins et ai.r?
Laur in  e t  u l .  " '

Lova( i  u t  a l . !
Lleinertz ,:t al. ' '

N'lci lcrtz et al."
Nlurcer et al. t '

Po t te r  e t  a i . ' l
Sacks  e t  a l . "
Shorey  e t  aJ . r5
S i r to r i  e t  a l . '
S i r to r i  e t  a l . r l
S i r to r i  c1  a l .13
Steele'l

S tce le 'L

v i rn  Rr r i j  u t  a l . rb

van llaarj et a).r"

van l{aaij et al.?rr

Verri l lo et al.re
Verri l lo ct al.r '
Vessby  e t  a l . r '
Widha l rn ' r

Widha i rn  e t  a i . ' '

Woiti: et al.rt

20
t 2

l 2
.1

1 2
l 0
5

t l
I

NIALE/
h\o. oF Feuarr

SusJEcTs lc/a);

21 100/0
I 00/0

6 0/100
t0 0/100

121 53t41
4 15i25
3 67 t33

16  56 t1a

40/60
0/ 100

58/1?
75 /25
15t25
60/10
I 00i0
0 /100
50/40

1 2  1 2 / 5 8
10 50 /50
l 1  . 1 5 i  5 5
5 Unkrorvn

25 100/0
1 3  6 9 / 3 1
21 100/0
20 50/5t)
65  45 /55
65 ,15 /55

t 4  N I t

1 8  N R

21 NR

20 h\R

20 NR

19 12t58
38 50 /50

6 61  /33
1 1  6 1 1 3 6

CriARAcrERlsrrcs of S]UDY
S l r B  r E c r  s ;  D E s l o N A

o r  S r r v  
' f Y P E  

o F
( 8 / d u y )  D r r i r  I

25 t_trc

25 t_l:c
17 Usual
4-1 Usual
17 LFC
39 L|C
39 LI;C
56 LFC

15 LFC
7 l  Usua l  o r

I ,FC
90 Usual
90 Usuai
21 t_FC
E I ,FC
4l I-L^
28 flypocaloric
3 I  LF 'C

Frce- l i v ing ,  NC
ar id  I lC

Frcc-livirig, HC
Free-living, NC
Free-living, NC
Free-livin_q, HC
HC
HC
Childrcn, free-

living, ! lC
F'rec-living, l{C
Frcc- l i v ing .  NC

Frce-)iving, HC
Free living, NC
Free-living, HC
Free-living, HC
Free-livi lg, HC
Irree-living, obese
Children, free-

livürg, HC
Irree-living, HC
Free- l i v ing .  NC
l;ree-living, NC
Free- l i v ing ,  HC
H C
Frcc-iiving, NC, V
Free-living, HC
H C
Free iiving, HC
Irree-living, HC
Free-living, NC and

H('t O, LOV, and V
Frcc- l i v ing ,  NC and

HC: O, LOV, and V
Iiree-living,

NC and llC
Free-livin8,

NC and HC
I r ree- l i v ing ,

NC and HC
Free-living, HC
Free-living, HC
H C
r^hildrel. free-

living, HC
Childrcn, free-

l rv ing ,  HC
Free- l i v ing ,  HC

I ) lE  r  A  RY

l l r [T^RY CHor-Es-  WErcr r r

F A T : , .  t E l ( ( ) l _ + *  ( l H A N c E * .

Si rn i la r  S imr la r  S i rn i l r r

S in r i la r  S imi l r r  S imi l r r
Sirniiar Decreased Decreased
Similar Sirnilar Sinri lar

'N,{ NA Similar
Sirnilar Sinri lar Similar
Sirnilar Sirnilar Sinri lar
NA NA Sirnilar

S imi la r  l )ec reased S i r r r i la r
S tmi la r  S in t i la r  S i rn i la r

S in i i la r  Srmi la r  S in r i l r r
Sinrihr Srrnilar Sirl i iar
S imi la r  S imi la r  S imi ia r
Similar Sirnilar Sirnilar
Similar lncrcased Sirnilar
lncreased Decreased Decreared

Simi la r

S imiLr r

[{c, f\'ll)

i ic. Nll)
l rc .  M l )
RC,  Ml )

FC
I:C, RW
lrc. Rw

lr(l

Irc
RC,  N l t )

Itc
RC
FC
RC
RC
RC
RC

RC
RC, LFD
I{C, I,FD

RC
RC], RW

RC
R P

RC, RW
FC

RC

RC

RP

RP

RP

RC
RC

FC, llw
F(l

IIC

RC

S ( )  Y
P R  E P

AR,\TfuN.JI

I S P

I S P

tsq ]'sP
ISP, TSI'

1'SP
'ISP
'ISP
.fSP

, I 'SP

ISP

ISP
ISP
TSP
T'SP

TSP. ISP
ISP
l S P

T'SI'
ISP
ISP
ISP
ISP
ISP
ISP
't5P
'ISP
'I 'SP

ISP

ISP

ISP

ISP

TSP

64 LFC Similar Sinri ltr Similar
i  l l  LFC S inr i la r  Inc reased S inr i la r
121 l -F  S in i la r  S imi la r  S i r r i la r

l7  Usra i  S i r r i la r  S i rn i la r  S i rn i la r
50 l-FC Similar Srmilar Sinri lar
27 Vegetarian Similar NA NA
5-5 Usual Similar Similar Similar
41 LC NA NA Sinrilar
47 LirC Sinri iar Decreased Similar
23 LFC Similar Decreased Sirni. lar
2l Usual NA NA Sinrilar

26  Usua l  NA N, \

5'1 Usual S imi la r  S i tn i lu r

TSP
TSP
TSP
ISP

53 Usual Similar Similar Similar

55 Usual

3 l  Usua l
I I Usual
17  l_C
20 I ,FC

Sirnilar Sirri lar

]8  L I iC  NA NA NA

NA Sirnilar

S imi la r

Similar Sinilar Simrlrir
Similar Decreased Similar
Similur l)ecrcasetl Similar
NA NA S inr i la r

23 52/48

t 1

a\,r i lable t i ) r  conrparisons of total  cholestgrol  c()ncenlraüons.

tNR denotes not reported; both nrale and fenrolc subjects were included

rnodonrized parr l le l .

l l lSl)  denotes isolr tcd srry proteur,  and TSP tertured soy protern.

I ILFC t jcrrotes l i )w I ! l  ind choleslerol ,  I -C |nv cholcsterol ,  and l- i i  bw tat.

ihe soy containing dict ,  and a di f ferent subject recerved only the con!r, l  d iet .

(P<0.00 l) .  The relat ion betrveen t irc ini t ial  serum cho-
lesterol col lcentrat ion an(l changes in serurn cholesterol
was nlodele(l  as ü cluadraticr polynornial function. 

' l 'he

itropo|t ion re(luct ion in variancc arnong studies betn,ecn
condit ional ancl uncoridit ional rnodels indicated that the
base-l ine cholesterol concentra'. ior) accounted {br ap-
pfoximately 77 percent of the or;eral l  variancc. Hr.rw-
cver, signif ir :ant heterogeileity eontinued to be prescnt

in the model e",cn after adjustment {br hyp<-rthesizeti
predictors of  var izr t ion (var iance componer l t  :  0 .131,
P<0.(x) l ) .

' l -able 
I presents changes in senrm cholesterol anrl

Ll)L cholcsterol concentrat ions,according to quart i les of
the init ial  cholesterol concrentrat ion. Subjects with nor-
rnal cholestelol levels, rvho had init iai  values below 200
mg per deci l i ter ' ,  had nonsignif icant lccluct ions of '  3.3

-
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Table 2. Net Change in Serunt Lipids and Lipoprotein Concen-
trations rn SubTecfs lngesting the Soy-Containing Diets, as Com-

pared with the Control Diets.r'

)7::i

protein further, we perlbrri led a r:ornplete regrcssicrl
analysis using changes observed rvith the soy diet alont
irrsteaci o[' net changes (soy ciiet rr-rinus cor]trol cliet) as
the outcomc variable" In tl-ris model, signi{icant effecti.
were obtainecl lbr the init ial senrm ciiolesterol concelr
tration (P<0.00 l; proportion of reduction accounte(i
Ior ;  0 .69)  and the amount  o{ 'soy prote in (P:0.02;  pro-
portion of reduction, 0.13). This model preclicted tl iat
soy protcin intakc would be associated r'vith the {bllow-
ir-rg clecreases irr serur-r-r cholesterol concentratiorrs, after
adjustrnent for t ire init ial values and other varialt les:
25 g per day of soy protein, a decrease of' 8.9 mg per
clecil i ter (0.23 n-rmol per l i tcr); 50 g per day o1'soy pro-
tein,;t clecrcase o1-174 mg per clecil i ter (0..15 mmol per
liter); and 75 g per day ol'soy protein, a clecrease oi'26.3
nig pel decil iter (0.68 mrnol per i i ter). The t1,pe ol'soy

Net  Change (mg/dl )
-170 -120 *70 -2A 30 80

N,IETA-ANAI-YSIS OII-I ' I I I ]  EFFEC'TS OT'SOY PII.OTEIN INTAKE ON SI,RUNI LIPII)S

N ( ) .  ( ) F  N { ) .  o F  C H A N o E

INDEX S ' fL rDrEs Sus jEc ls  ( i l rg /d l ) j  95" / (  C l

TERCEN' i

C ) r A N c !

Total cholesterol

I-DL chclesterol

HDL choiesterol

V l -D[ -  cho les tero l
' l 'r igJycerides

38 130 23.2 -32.9 r0 -  13.5 9.3
31  56 ,1  2 ) . i  - 31 .1  t o  - 11 .2  - ' 12 .9

l 0  5 5 1  , L j  J . l ! 0 r 5 . , 1  , 2 . J

2A 255 -0. .1 -a.6 to +3.9 -2.6

30 628 -13.3 -25.7 ic .  -0.3 -10.5

rNet change rs expresset l  as the chrnge durrng the soy containi lg diet nr i lus lhe chaDge dur-
i rrg thc control  diet .  VLDL deiotes very low t lensiry l ipoprolein. and Cl conhrlence interval .

t ' lb colvert  values for cholesterol  to mi lLrndes per l i tet  ntul l ip ly by 0.025116: ro convert
values for t r i8 lycef ides to nrr l ] intoles pcr l i rer,  nlul t ip ly by 0.01 129.

percent wl i i le receiving thc soy protein cl iet.  Those with
ni i ld hypercholesterolernia, 'who hari ini t ial  values of
200 to 255 mg per deci l i ter (5.2 to 6.6 mmol per l i ter),
l iacl nonsignif icant reductions ol 4.4 percent. Subjects
rvit l i  moderal6 |11'percholestcroiemia, u'ho l iacl ini t ial
values of 259 to 333 mg per deci l i ter (6.70 to 8.61 mmol
per l i ter),  had signif icant decreases ol '  7.4 perr;ent. Sub-

. jccts rvi th se\rere hypl:rcholesterolernia, whose init ial
values lvere above 335 mg per dcci l i ter (8.66 mmol per
l i ter),  had signif icant reductions of 19.6 percent.

' l ' l rc 
pattern ol '  changes in serum LDl, r:holesterol

concerltrat ions, accorcl ing to quart i les of the init ial  se-
rurn oholesterol vaiues, rvas sirni lar to the pattern lbr
scrum cholesterol concentrat ions: f i rst quart i le, a de-
r:rease ol '  7.7 pcrcent; second quart i le, a dccrease of 6.8
percent; third quart i le, a decrease ol '9.8 percent; and
Iourth quart i le, a decrcasc of 24.0 perccnt. Changcs rrr
scrum II l)1, cholesterol r;oncentrat iorrs were sirni lar for
al l  quart i les. Changes in selunr tr iglyceride concentra-
t ions rvcre signif icantl l ' related to the init ial  sclum tr i-
glyceride concentfat ior-rs (P<0.05). Flowever; changes
irr indiviclual quart i le groups were not statrst ical ly sig-
nif icant.

Effect of Other Variables

As shown in 
' Ihble 

3, the type of 'st-ry protcin did rrot
have a signi{ icant ef{ 'ect on the net change irr serunr
t:holesterol concentlat ions and accountt:d for only ap-
proxirnately i .0 percent of the variance . 

' f l . re 
amount

ol '  so1' protein in the ci iet rvas also not signi l icant
(P :0 .39)  l r 'hen  ne t  changes were  assessed.  

' fhe  
type

ol '  cl iet.  although not stat ist ical ly signif icant, account-
ed  fo r  approx imate ly  12 .6  percent  o1 '  the  var iancc
(P:0.07); larger changes tenrieri  to oLrcur wiren ihe
control diets rvcre "usual" diets rather than lort ' - f i i t  and
lor.v-choicsterol diets. 

' l 'he 
results o{ '  stucl ies ol '  adult

subjects dicl not cliffer signifir:antly lrorn tl'rose of' the
four studies of cir i ldren; the age grou;l  of the subjects
thus had a negl igiblc ef lect on variance. The changes
in the 19 studics with similar cl icts in terms of fat and
cholesterol intake arrd rveigl i t  change did not r l i f f 'er sig-
nif ir :antly from the changes in the remaining studies, irr
rvirich tl.re diels lvere not similar; this lar:tor accounteci
fbr rregl igible varian<:e.

' lo 
examine the cffccts ol ' the type and arnount o1'soy

Bakhi t  et  a l .aa -  A
Bakhi t  et  a l .oo -  B
Descovich et  ä1.12

Gaddi  et  a| .33

Gaddi  et  a l .3e
Giovannett i  et  a| .31

Goldberg et  a l . le -  A
Goldberg et  a l .1e -  B

Holmes et  a| .13 -  A
Holmes et  aI .13 -  B

Huff  et  a l .2a

Jenkins et  a| .37
Laur in et  a l .ao
Lovati et al.3

Meinertz et  a l -36
Meinertz et  a| .38

Mercer et  a| .35
Potter  et  a l .a2
Sacks et  a1.23.
Sirtori et al.e

Steeleal  -  A
S tee lea l -  B

van Raai j  et  a1.16
van Raaij et al.2o - A
van Raai j  et  a l .2o -  B

Verr i l lo  et  a l .2s -  A
Verr i l lo  et  a l .2e -  B

Vessby et  a| .21

Widhalm32
Widhalm et  a i .a3

Wolfe et  a| .17
Al l  s tudies

(weighted mean)

Figure 1. Net Changes in Serum LDL Cholesterol Concentra-
tions in 31 Clinical Trials of the Effects of Soy Protein on Serum

Ltptds.
These 31 trials presented data on LDL cholesterol for a total of
564 subjects. The values shown are the mean changes in LDL
cholesterol concentrations while subjects received the diet con-
taining soy protein minus the changes during the control diet,
with 95 percent confidence interval\. A and B indicate separate
studies reported in a single published adicle, listed here in the
same order as in Table 1. To convert values to millimoles per li-

ter, multiply by 0.02586.
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Table 4. Changes in Serum Cholesterol and LDL Cholesterol Concentrations Accord
ing to Quarliles of the Study Group for lnitial Cholesterol Concentration.i'

prote in (P:0.  i6) ,  the t1,pe o i '  c l ie t
(P:0.11) ,  the age group of  t l ' re  sub-
.jects (:rdults ol cl-ri ldrerr) (P:0.39),
anci the sirnilarit l '  of the ciiets
iP:0.2u) i l id not have signi{icant el-
lects on this model.

Drscussron
'f 

his analysis of 38 controllccl
clinit:;r l stuclies repolted in 29 scren-
tif i t: artit: les inclicated that the re-
pJar:i:nrent of'anirnal protein in the
cliet rvith sov protein rvas associated
rv i t h  a  s i gn i I i t  an t  r l ec rease  i r r  se ru rn
cholesterol anrl LDL cl 'roleslelol con-

Cholesterol (mg/dl)

In i t ia l  range l2? . i  to  i97 .8

Qhange -  5 .2
954/a  C l  -  l7 . l  (o  1  6 .7
o/o Change -3.3

Lt)L chctlcsterol (mg/dl)

QuÄR- f l l .E

Change
95c/a CI
c/o Change

. 1 . 1
-20.0 10 +6.0

-1.- l

:

201.?  to  255. ,1
i 0 . i

- 2 1 , 8  { o  +  l . ' i
-4 .1

- ta.7
-21.3 to *2.9

- 6.1{

259.3  to  332.8  >335
-22.2 .  - ' ,1 l ,  ,5

31 .3  to  -7 . I  -  86 .6  ro  -56 .5

1 . 4  - t 9 , 6

-  I  8 . 3  - 6 8 . 1

3 5 . 3  t o  -  1 . 3  -  9 0 . 2  r u  -  1 5 . 9
- 9 . 8  - 2 4 . 0

nExaüt rangcs arc givcn t i ) r  ch( ' les{err, l  i lnd k)tr l  ch() lester$l  crnl ien!rr t i (ns i l )  lhe quart i les. ' lb uonvrrt  valucs l i l  ehoits
teß)l  tu nr i l l iDolcs pcr l i teq nrul t ip ly by 0.0251i6 ( ' l  dcuolcs ror l idercc rnterval.

centrat ions. This rvas a lair l l '  consistent f inding, srrrce
decreases in scrum cholesterol cor)centrat ions wcrc ! 'c-
ported in 3{ ol 3f} stuci ies; in ther 4 stu(l ies15'20'2r '3b tha+
did not report such reductions, the subjects had iäir ly
lorv init ial  serutn cholester"ol values (a.. 'erage, l l15 rng
pcr { leci l i ter [ '1.78 mmol per l i ter l)" Changes in serr.rm
liyr id concentrat ions rvele indepcnrient of changes in
bocl1, , 'veight antl  <l ietary intake of total fat,  saturatcd
fät, and cholesteroi.

' l 'hc 
strcrrgt lr  an{l  consisterrcv o{- these obscrvatiuns

are surprising in the l ight of the conclusion o{ '  the Nu-
t l i t ion Conrni i t tec of the Anrericzrr i  I Ieart Asst.rt : iat ion
that the "<.onstrmption o[ '  vegctabls proteins leads to
lou'er cholestert>l levcls than ct-rnsunptiou of anin-ral

l)rotei irs in rabbits br-rt  not in humans."; This conrn.rerrt
was supporred b1, only one sturl ; ."5l

Init ial  serun-r cholestcrol corrcer)trat ions had a porv-
erfül el ibct on changcs in serurn cholestcrol and LI)L
<:lrolesterol concc;ntrat ions ancl accounted ibr appruxi-
matc ly  77  percent  o l  thc  var iance a lnong s rud ics .  T l i c
ari lount of soy protcin ingcsterl  harJ a signif icant ef lect
on scrum cholestcro. l  concentrat ions r.vlrcn the effccts oi '
the soy cl iet r.vere exanrined alonr:,  rvi thout the ef l 'ects of '
thc contro) dict.  So1,protcin intake avcragcd '17 g per

Table 3. Fixed-Effects Eslmales from the Regressron Madel Pre-
dicting Net Changes in Serum Cholesterol Concentrations as a

Function of Characteristics of the Studv.+

PIoPoR'frcN
REcREsstoN Stenoent REDUcrr()N tN
C()EFFICIE^*T l l t tor Va&lANcE It  V,\L! !

day,  anr l  37  percent  o { ' the  s tud ies  used 3 l  g  per  day  or
less. 

' fhesc 
ol lservations suggest that thc dai ly cc,n-

sunrp t io l r  o f '31  to  {7  g  o { ' sov  pro t r in  can s ign i l i t :a r r t l y
ciecrease serurn cholesterol and LDL choiestcrol c()n-
cet)trat ions. AItcr acl jr"rstrncnt lbl  ini t ial  serlu'n ciroles-
terol c<inr:entrat i<lrrs al)d other variables, t l te ingcsl iurr
o{ '  25 or 50 g ol '  so) '  protein per day \vas cst imate(l  to
decrease scnlm cholestclol conccntrat ions by {J.9 or
17. ' l  mg per- deci l i ter, respectively. Persons rvith moder-
a tc  o r  severe  l rypercho lcs te ro lemia  (>250 mg per  d t :c -
i l i tcr [6.46 mmol per l i ter l  )  should havc even largcr r le-
crcases in selur-n chr>lesterol concentrat ions wlien soy
pro te in  rcp laces  an imal  p ro te in  in  the  d ie t .

So1' proteirr products are r 'videlv avai lable in super-
ma|kets, arrr l  lorver-Iät sr iy products are easi iy obtain-
able . Pcrsons r,r, i th hypercholesterolemia can achieve an
in take  o1 'more  than 30  g  o f ' soy  pro te in  per  day  by  cou-
surning tu.,o to t lrree servings of 'soy proclucts dai lr ' .  Tht '
anlount of soy protcin in a single serving ()1'varrous so)
produots is as fol lorvs: t l  oz (226 g) oi 'soy milk cont:r ins
4 to l0 g o1'soy pr<itcin; 4 oz (1,1.1 g) of tofu, [J to 13 g.
I oz (2t) g) of sov Houq l0 to 13 g; I  t>z (2f) g) ol ' isolatcd
so) ,p ro te in ,  23  g ;  l /2  cup ( l l3  g )  o i ' t cx tu rcd  sov  pro-
te i r r ,  l l  g ;  and 3 .2  oz  (91  g)  o f  meat  ana loguc ,  l t )  g . t r
' fhus, 

substi tut irrg tu'o cups (473 rnl) of soy milk lbr
regular milk and c"onsurning one serving of meat arra-
logue rvould providc approximately 30 g of soy pl-otr irr
p r : r 'day .

' l 'he 
nrechanisms rcsporrsible for the ef lbcts of soy

protein on serum l ipoproteins ale ut lknown{"{ } and
were not addressed in this study. Carrr,r l l ' j  rccer.rt ly re-
vielved ancl discussed various hypotheses. In cxpcl i-
ments in animals, the anrino acid composit ion of the
diet ai lbcts serurn cholesterol concentlat ions; increascs
in arginine arc accolnpanied by decreases in serum
r:holesterol concentrat ions.u Although sunrc studies sug-
gcst that alterat ions in bi le acit l  or r:holesterol absorp-
t ion may contr ibute to altered cholcsterol hotneostasis,{ '
Fun-ragall i  et al.r8 lound no cl i l l 'ererrces in the fecal ex-
cret ion of bi le acids or sterols by human subjer:ts.
Some obse lvers ,  as  d iscusscd by  Car lo l l , ' r  suggest  tha t
aiterat i<-rns in the rat io of serum glucagon to serLlm ln-
sul in lnay al lect hepatic cholesterol synthesis; othersb'r ' t
suggest that serum ft 'ee thyroxine concentrat ions may'

Itr iercePt

Squarc of initral cholesteroi
valuc (ntg/dl)j

- l 'ype 
of soy protein

Amounr 0t soy pro{ein (g/day)

Type of diet

Age Broup of subjectr

Similarity of diets

0, I  9.1 0.381
-0.020 0.00.5

- 0 _ l t 5  0 . 1 3 3
-0.001 0.003

0.322 0.  173
0.024 0.331

a.132 0.169

0.713 <0.00t

0.010 4.27
- c.39

0.126 0.cr7
0.39
0.29

sFinal cslnrate of randon ef lccts f i r r  Det change: var iancc conrprnent=0.134; chi-
scluare 1U0.,1: P<0.(Xl l .

i l r  rhe regression analysrs, lne fol lowing values w.re assigned to c:ateSoi lcal  vä.,ables: lvpe

o i s o y p r o t e i n , 0 - i s o l a t e d s o l p r o t c i n , l = i s o l a l e d a n d t e x ( ü r e d s o y p r o t e r n s , a n d 2  l e x l u r e d

suy oroLein: type ofJiet ,0 urual anci  I  = h,w fär and choleslerol :  age group,0=cht lJren anci

I  adults:  srmi lar i ty.  0 = not sini iar or data unavai lable, and i  = siDri laf .

iNlddelcd as a qua,Jrarrc polynorr ial  funcr iorr .
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l l e  h igh t : r  \ vhcn  the  d ie t  con ta ins  so \ .  p ro tc in .  f lu f f
and co l leagucs?+ suggest  tha t  tu rnover  o { ' \ /L I )L  apo-
protcin B is increased in hurnans rvhe:r soy l)r 'otcl l)  ls
substi tutecl I i rr  n-reat ancl dairv Drotein. Lovati  and col-
l cagucs : l r  repor t  t i ra t  the  LDL- r  c ,  cp tor  ac t i v i r l ' o f 'n ro r ro -
cvtes is eight t inres greatef in hurnan sulr jer:ts lrr :civr lrg
sov  p lo te in  than in  thosc  ca t ing  cont ro l  d ie ts .

Sctchel l53 suggcsts that soy estrogens may contr ibute
to the cholestelol lou,ering elI 'ects o1' so;,protein. N,Iost
soy protein prociucts contain soy estroger)s ( isof lavones
or pl i l ' toestrogcns),;1 which have r.veak estrogenic el-
lbcts unclcr certain circumstances anci antiestrogerric
l l l c t l s  L r r r r le r  o t l re ls . t t  l ' 1 , "  a t l rn i r r i s i la t i r rn  o l  . r .a - l  

" r -
[rogens: '{ j  or t l ' re synthetic antiestr-ogen tanroxifeniT de-
oreases serum cholestcrol and LD], choicsterol concen-
trat i<.rns; so), estrogens mav havc sirni lar act ions. This
suggcstiou is sLr;rpor-teci in studies bv Anthony and col-
lcagues. ' i l f"( l  ln three stucl. ies us.ing cvnomolgus or r l ie-
-*us rnonke)'s, soy protein r ir :h irr  soy r:strogens fävorably
aflbcteci serum l ipids, n,hcreas so1, protein fron'r rvhich
the soy estfogcrls hatl  beerr cxt lactcd had a mir.r irnal ef-
lect. 

' [ ' l resc 
prirnate sturl ies suggest that soy estrogerrs

rla) '  ; lccount for 60 to 70 pert:ent <;f the h,vpor:holester-
, r l cnr ic  r [ ' f r t  t s  o l ' so t  l t lo t< ' i r r .

In si.unrnaly, this meta-analysis o{ '  3tJ stucl ies indi-
r:ates t i tat t l te consunrption <-rf soy protein is associatcd
rvith signif ir :ant declcases in serum cholesterol,  LI)L
r: irolesterol,  ancl tr igl ;r :eridc r. :orrccntrat ions and lvi t i r  a
nonsrgnif icant increase in scmrn IIDL cholesterol coII-
cenl lat ions. ' f fr t  r lecreirscs irr scrunr t :holesterol ancl
LDl, cholcsterol concerrtrat ions u,erc strongiv relatcd to
t l ie subjects'  ini t ial  sclunr cholcstcrrr l  cont:errtrat ir .rns.
Soy estrogens rnay be responsible f irr  most of ' the hypo-
cholcstcrolernic r: f l 'ects o1' soy proteirr"
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Effects of the phytoestrogen genistein on hot f lushes,
endometr ium, and vaginal epi thel ium in postmenopausal
women: a 1-year randomized, double-bl ind, placebo-
control led study.

D'Anna R, Cannata ML, Atter i tano M, Cancel l ier i  F,
Corrado F, Baviera G, Tr iolo O, Ant ico F, Gaudio A,
Fris ina N, Bit to A, Pol i to F, Minutol i  L,  Al tavi l la D,
Mar in i  H ,  Squadr i to  F .

Depar tment  o f  Obste t r i ca l  and Gynaeco log ica l  Sc iences ,  Un ivers i ty
o f  Mess ina ,  Mess ina ,  I ta ly .

OBJECTIVE: To evaluate in a 12-month, prospect ive,
randomized,  doub le-b l ind ,  p lacebo-cont ro l led  s tudy
whether  pure  admin is t ra t ion  o f  the  phy toes t rogen
gen is te in  (54  mg/d)  migh t  reduce the  number  and
severi ty of hot f lushes in postmenopausal women with no
adverse effect on the endometr ium. DESIGN: A total  of
389 part ic ipants met the main study cr i ter ia and were
randomly  ass igned to  rece ive  the  phy toes t rogen gen is te in
(n=198)  o r  p lacebo (n=191) .  About  40o/o  o f  par t i c ipants  in
both groups did not suffer f rom hot f lushes, and the
eva lua t ion  was per fo rmed in  a  subgroup o f  24V
par t i c ipants  (gen is te in ,  n= I25)  p lacebo,  n= \22) .
Reduct ions from basel ine in the frequency and severi ty of
hot f lushes were the pr incipal cr i ter ia of ef f icacy"
Endometr ial  thickness was evaluated by ul trasonography.
The matura t ion  va lue  was a lso  used to  de termine
hormona l  ac t ion  on  the  vag ina l  ce l l s .  RESULTS:  There
were  no  s ign i f i can t  d i f fe rences  in  age,  t ime s ince
menopause, body mass index, and vasomotor syrnptoms
between groups  a t  base l ine  (4 .4  + / -  0 .33  ho t  f lushes  per
day  in  the  gen is te in  g roup and 4 .2  + / -  0 .35  ho t  f lushes
per day in the control  group).  The effect was already
evident in the f i rst  month and reached i ts peak after 12
months  o f  gen is te in  therapy  ( -563% reduc t ion  in  the
mean number  o f  ho t  f lushes) ,  Fur thermore ,  there  was a
signif icant di f ference between the two groups at each
eva lua t ion  t ime (1 ,  3 ,  6 ,  and 12  months) .  No s ign i f i can t
d i f fe rence was found in  mean endomet r ia l  th ickness  and
maturat ion value score between the two groups, ei ther at
base l ine  or  a f te r  12  months .  CONCLUSIONS:  The
phytoestrogen genistein has been shown to be effect ive on
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vasomotor symptoms without an adverse effect on
e n d o m e t r i u m .
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Estrogen (Cenest in@, Enjuv ia@ ,
Es!1age@ , ...) Estrogen is used to treat
hot f lushes ('hot f lashes'; sudden strong
feelings of heat and sweating) in women
who are experiencing menopause
('change of l i fe', the end of monthly
menstrual  per iods) .  Some brands of
estrogen.  . .

Eg!1999p Vagi19! (E911q99@ ,. Estring@ ,
Femlng@ , ..,) Vaginal estrogen is
used to t reat  vaginal  dryness,  i tch ing,
and burning;  painfu l  or  d i f f icu l t  ur inat ion;
and sudden need to urinate immediately
in women who are experiencing or have
experienced menopause (change of
l i fe ;  . .  ,
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Effect of soy-derived isoflavones on hot flushes,
endometr ial  thickness, and the pulsat i l i ty index of the
uter ine and cerebral  arter ies.

Penot t i  M,  Fab io  E ,  Modena AB,  R ina ld i  M,  Omode i  U,
V igan6 P.

Second Department of Obstetr ics and Gynecology of the
Universi ty of Mi lan, Mi lan, I taiy.  mauropen@tiscal inet. i t

OBJECTIVE; To determine the effect of  soy-derived
iso f lavones on  ho t  f lushes ,  endomet r ia l  th ickness ,  and the
vascular react iv i ty of uter ine and cerebral  arter ies.
DESIGN:  Doub le-b l ind ,  randomized,  p lacebo-cont ro l led
t r ia l .  SETTING:  Hea l thy  vo lun teers  in  an  academic
research environment.  PATIENT(S): Sixty-two
postmenopausa l  women aged 45-60 years  a t tend lng  the
Outpat ien t  Menopause C l in ic  o f  our  gyneco log ica l
depar tments .  INTERVENTION(S) :  The pa t ien ts  were
admin is te red  72  ng  o f  soy-der ived  iso f lavones or  p lacebo
under  doub le-b l ind  cond i t ions .  The da i l y  number  o f  ho t
f lushes  was recorded in  a  d ia ry .  Endomet r ia l  th ickness  was
measured by  means o f  tnansvag ina l  u l t rasound;  the
uter ine ,  in te rna l  caro t id ,  and midd le  cerebra l  a r te r ies  were
eva lua ted  us ing  Dopp ler  u l t rasound.  MAIN OUTCOME
MEASURE(S) :  The da i l y  number  o f  ho t  f lushes ,
endomet r ia l  th ickness ,  and ar te r ia l  pu lsa t i i i t y  index  (P I ) .
R.ESULT(S): Both treatments led to a 40olo reductron in the
number  o f  ho t  f lushes .  Soy-der ived  iso f lavones had no
effect on endometr ial  thickness or the PI of the uter ine
and cerebral  arter ies. CONCLUSION(S): The dai ly
administrat ion of 72 mg of soy-derived isof lavones is no
more effect ive than placebo in reducing hot f lushes in
pos tmenopausa l  women.  I t  a lso  has  no  e f fec t  on
endomet r ia l  th ickness  or  the  PI  o f  the  u te r ine  and cerebra l
a r ter ies "

PMID:  12738504 [PubMed -  indexed fo r  MEDLINE]
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Patient Drug Information

Estrogen (Cenest in@, Enjuy ig@ ,
Eslrace@ , ..,) Estrogen is used to treat
hot f lushes ('hot f lashes'; sudden strong
feelings of heat and sweating) in women
who are experiencing menopause
('change of l i fe', the end of monthly
menstrual periods). Some brands of
estrogen.  . .
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A pilot study of the effects of phytoestrogen
supplementat ion on postrnenopausal endometr ium.

Balk JL,  Whi tes ide DA, Naus G, DeFerrar i  E,  Roberts
J M .

Departmeni  of  Obstetr ics,  Gynecology,  and Reproduct ive
Sciences,  Magee-Womens Hospi ta l ,  Univers i ty  of  Pi t tsburgh,
Pen nsylvan ia 1 5213,  USA. rs i j lb@mai l .  magee.  edu

OBiECTIVE: This s tudy was designed to assess
endomet r i a l  h i s to logy  i n  pos tmenopausa l  women  no t
tak ing  ho rmone  rep lacemen t  t he rapy ,  t o  eva lua te  s i de
ef fects and ef f icacy of  phytoestrogens in t reat ing
menopause-associated symptoms,  and to determine
whe the r  6  mon ths  o f  phy toes t rogen  supp lemen ta t i on
al tered endometr ia l  h is to logy.METHODS: We per formed a
p rospec t i ve ,  doub le -b l i nded ,  randomized ,  p lacebo -
contro l led t r ia l  compar ing the ef fects of  6 months of
d ietary phytoestrogen supplementat ion versus p lacebo in
pos tmenopausa l  women .  Base l i ne  endomet r i a l  b i ops ies
were  pe r fo rmed  and ,  i f  adequa te ,  nonhype rp las t i c ,
noncancerous,  and nonovulatory,  subjects were randomly
ass igned  to  rece i ve  da i l y  p lacebo  o r  soy  ce rea l
supp lemen ta t i on  f o r  6  mon ths .  S tudy  sub jec t s  comp le ted
base l i ne  and  week l y  d ie ta ry ,  symp tom,  and  s ide  e f f ec t
l ogs "  Repea t  endomet r i a l  b i ops ies  we re  ob ta ined  a t  6
months.RESULTS; Subjects were recru i ted f rorn January
1998  th rough  l une  2000 .  Twen ty -seven  sub jec t s  we re
randomized ,  and  19  comp le ted  the  s tudy .  One  (3 .7o /o )
base l i ne  endomet r i a l  samp le  was  weak l y  p ro l i f e ra t i ve .  A l l
o the r  base l l ne  and  f i na l  b i ops ies  we re  cons i s ten t  w i t h
a t roph i c ,  i nac t i ve  endomet r i um.  The  max in rum r i sk  o f
endomet r i a l  s t imu la t i on  w i t h  phy toes t roEens  i s  35o /o .  Ho t
f lushes,  n ight  sweats,  and vaginal  dryness were
s ign i f i can t l y  l ess  seve re  a t  t he  f i na l  week  o f  t he  s tudy
compared  w i th  base l i ne  i n  t he  p lacebo  g roup .  I nsomn ia
was  more  common  i n  t he  t r ea ted  g roup .  The re  we re  no
other  s tat is t ica l ly  s igni f icant  d i f ferences in  symptoms or
s ide ef fects,CONCLUSION; Phytoestrogens d id not  cause
s t imu la t i on  o f  t he  endomet r i um.  I nsomn ia  was  more

i l : :  ! .  5  [  \ . '  i  i :  i { l  L rnks
f-üiffitrgäfrffiträrä
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f requent  over  the  6-month  s tudy  in  the  soy  group,
whereas  ho t  f lushes ,  n igh t  sweats ,  and vag ina l  d ryness
improved f rom base l ine  in  the  p lacebo group bu t  no t  in
the  soy  group.

PMID:  12113884 [PubMed -  indexed foTMEDLINE]
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E9t1 o gqn -V-ag inal (Es_trace@, Estring@

Fqmr ing@, .  )  Vaginal  est rogen is
used to t reat  vaginal  dryness,  i tch ing,
and burning;  painfu l  or  d i f f icu l t  ur inat ion;
and sudden need to urinate immediately
in women who are experiencing or have
exper ienced menopause (change of
i i f e ; . . .
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Lack of effect of isoflavonoids on the vagina and
endometr ium in postmenopausal women.

N ikander  E ,  Rutanen EM,  N ieminen F ,  Wah ls t röm T,
Y l ikorka la  O,  T i i t inen  A.

Department of Obstetr ics and Gynecology, Helsinki  Universi ty
Central  Hospital ,  Helsinki ,  Finland. eini .nikander@pp.f imnet. f i

OBJECTIVE: To determine the effects of soy-derived
iso f lavones on  vag ina l  ep i the l ium and the  endomet r ium,
DESIGN:  Doub le-b l ind ,  randomized,  p lacebo-cont ro l led
crossover tr ia l .  SETTING; Outpat ient c l in ic of a universi ty
hosp i ta l .  PATIENT(S) :  S ix ty - four  pos tmenopausa l  women
wi th  a  h is to ry  o f  b reas t  cancer .  INTERVENTION(S) :  The
women took  ( in  a  randomized order )  114 mg o f  i so la ted
iso f lavono ids  or  p lacebo in  tab le ts  da i l y  fo r  3  months ;  the
treatment regimens were crossed over after a 2-month
washout period. The subjects were studied before and on
the  las t  day  o f  each t rea tment  per iod ,  MAIN OUTCOME
MEASURE(S) ;  Vag ina l  d ryness ,  matura t ion  index  (MI )  o f
vag ina l  ep i the l ium,  endomet r ia l  th ickness ,  h is to logy ,  and
expression of estrogen (E) and progesterone (P) receptors
and the  pro l i fe ra t ion  marker  K i -67  in  the  endomet r iu rn .
RESULT(S) ;  I so la ted  iso f lavones d id  no t  re l ieve  vag ina l
d ryness .  Matura t ion  index  va lues  remained unchanged
dur ing  the  iso f lavone reg imen,  bu t  decreased dur ing  the
p lacebo reg i rnen"  No changes were  found in  any  o f  the
var iab les  measured in  the  endomet r ium.  CONCLUSION(S) :
Dai ly administrat ion of I t4 mg of isolated isof lavones for
3 months had no effect on the subject ive percept ion of
vag ina l  d ryness  or  on  ob jec t ive  f ind ings  in  the  vag ina  or
endometr ium. This impl ies safety with regarci  to the
e n d o m e t r i u m "

PMID:  15652899 [PubMed -  indexed fo r  MEDLINE]
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Patient Drug Information

Estloggl (Ce1es!in@, Enjyvlq@ ,
,Estracg@ ,., .) Estrogen is used to treat
hot f lushes ('hot f lashes', sudden strong
feelings of heat and sweating) in women
who are exper iencing menopause
('change of l i fe', the end of monthly
menstrual periods). Some brands of
estrogen. . .

Pl19ge9tg19ne (P1om9!r!9m@ )
Progesterone is used as a part of

hormone replacement therapy in women
who have passed menopause (the
change of l i fe) and have not had a
hysterectomy (surgery to remove the
uterus). Hormone replacement therapy
usua l l y  i n . . .

.Fllrqg-el v-Agilq| (Esti.acg@., .Est1i1g@ ,
Fe.1111ng@, ...,) Vaginai estrogen is
used to treat vaginal dryness, itchlng,
and burning; painful or diff icult urination;
and sudden need to ur inate immediate ly
in women who are experiencing or have
experienced menopause (change of
i i f e ; . . .

Source.  AHFS Consumer Medrcatron
lnformation
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Time Course of Inactivation of TPO" Those flavonoids
tlrat inactivated TPO by more than 50o/o in the above experiment
were studied fur ther.  TPO (1.0-5.0 tM) was incubated wi th
kaempferol, 8-40 pM; morin, 10-50.all; naringenin, 6-30 pM;
or quercet in,  10-50 AM at  25 *  0.1 "C in 0.1M phospbate buf lbr
(pH 7.4), and hydrogen peroxide (200 pM) was added to initiate
the reaction. Aliquots were withdras'n at various tirne points
and diluted 1000- to 2000-fold, and the rernaining enzlrne
activity was determined. The half-tirnes for inactivation were
estimated graphically front plots of activity remaining vs time
(cf. Figure 3 inset and ref 20). The inactivation of TPO by the
solvent ethanol (final concentratton <2ck, v/v) and H:O:l was
minimal during the incubation period.

Hydrogen Peroxide Concentration Dependence of In-
activation. TPO (1.0 pM) was incubated with excess narin-
genin (150 pM), and enzyme activity was titrated by addition
of varying but limiting concentrations of hydrogen peroxide.
After 4 min ol'incubation, aliquots were s,ithdrawn and diluted,
and residual activity was measured. Soret spectral changes
were monitored by second derivative UV-vis spectrophotometry
to maximize sensitivity using a Hewlett-Packard 8452A diode
array spectrophotometer as previously described ( /5,.

Steady-State Kinetics of Inhibition of TPO-Catalyzed
Tyroslne Iodination by Myr'icetin and Naringin. The
inhib i t ion of  TPO Q.25-2.5 nM) by myr icet in (0-2.0 pM) or
naringin (0-6.0 7rM) was studied in the presence of varying
concentrat ions of  e i ther iodide ion (0-100 /M) or  HzO: (0*160
pM) at  f ixed concentrat ions of  HzOz (25 l rM) and iodide ion (150

1lM), respectively. MIT formation was rnonitored spectropho-
tometrically at 289 nm.

Iodination of Biochanin A. TPO (2.5 nM) was incubated
with varying concentrations of biochanin A (0-501lMl at a fixed
concentration of iodide ion (250 pM) in 0.1 M phosphate l-ruffer
(pH7.4) at 25 * 0.1 "O, and the reaction rvas started by addition
of hydrogen peroxide (50 aM). The increase in absorbance at
290 nm was monitored for 1*2 min spectrophotometrically.

Competitive iodination kinetics were determined in the
presence of an enzpnatic hydrogen peroxide-generating system.
Biochanin A, TPO (2.5 n1\{), iodide ion (150 pM), tyrosine (150
pM), glucose (1.25 mM), giucdse oxidase (10 nM), and biochanin
A (0-20 pM) were incubated in 0.1 M phosphate buffer (pH ?.4)
at25 * 0.1 "C. The reaction was followed by monitoring MIT
formation.

For determination ofreaction products, biochanin A (50 aM)
was incubated with TPO (2.5 nM), iodide ion (0.4 mM), and HzOz
(50,nM) at 25 * 0.1 "C in 0.1 M phosphate buf{er (pH 7 .4). AJter
3 min ofincubation, biochanin A and its products were extracted
with 2 volumes of ethyl acetate. This rvas repeated twice before
concentrating the combined aliquots ofthe ethyl acetate extract
by Speed Vac (Savant Instrurnents Inc., Farnripgdale, NY). The
concentrate was reconstituted with 400 pL of HPLC mobile
phase. HPLC analysis of 2O-40 4L aliquots was performetl

solved in Tris-HCl-KI buffer containing catalase and dialyzed
against the same buffer. 'Ihe dialyzed enzyme preparatiorr was
subjected to trypsin (0.02%) digestion for t h at room ternper-
ature. The digeslion was stopped with soybean trlpsin inhibitor
@.02o/c), the mixture was centrifuged at 1000009for t h, and

$e supernatant was fractionakd again with ammonium sulfate
ß described above. The precipitate frorn anmonium sulfate

.. Gactionation was dissolved in and dialyzed against 0.02 M

! pf iosphate bu{ ier  (pH 6.8)  contain ing 0.1 mM Kl  and catalase

I €OO unitsÄ). 'lire enzyme solution was concentrated by ultra-'>.ftltration 
(MWCO = 30 kDa) and subjected to gel fiitration on

€ qE Bio-Gel A 1.5 m column (2.0 x 40 cm). 'fhe column was
5 @ui l ib lated and eluted wi th 0.02 M phosphate buf fer  (pH 6.8) .
S 'ffhe flactions containing guaiacol oxidation activity were pooled
i {ird rechromatographed on a hydroxylapatite column (1.8 x 20

I ch) equilibrated with 0.02 M phosphate buffer (pH 6.8) contain-
Z igg O.t mM KI. The errz;,'rne was eluted with a linear gradient
-  qTl  Of -O.Zf  M phosphate buf fer  (pH 6.8)  contain ing-O.t  -nt

$ $t. fire inclusion ofcatalase in the buffer during homogeniza-
F gon and in i t ia i  pur i f icat icn,  and 3- l (3-cholamidopropyi)d im-
5 Shylammoniol-1-propanesulfonate (CHAPS), a zwitterionic

!srrfactant, for solubilization g:'eatly increased the yield (ca. 6

I gL9 of ourified enzyme/ kg thyroid slices) of the purified enz}'me.
€ $re R value of the enzJrme preparations used in the current
! Sudies ranged from 0.32 to 0.42. The concenhation of the

i 6,r:"ne was measured spectrophotometricaily by using the

ö $t inct ion coef f ic ient  1.12 x 105 M-lcm-l  at  4!2 nn ( lV.

Quaiacol oxidation activity was determined at pH 7.0 as

ft scribed previously ( l8).

f lnhibition Assays. TPO (2.0 nM) rvas incubated with
f,frosine (150 7rM), iodide ion (150 aM), and hydrogen peroxide
(50 trM) with different fixed concentrations of flavonoid, and
iodination to 3-iodotyrosine (MlT) was monitored spectropho-
t.onelrically at 289 nm. MIT 'rvas quantified using HPLC for
those flavonoids ivith absorbance maxima that interfered with
spectrophotometric monitoring. It was deterrnined that MIT
forrnation rat€s were identical within experirnental enor whether
detennined by the UV or HPLC methods. although the UV
method was more precise. HPLC analysis was performed
immediately using a Radial Compression l\lodule equipped with
a NovaPak C18 cartridge (5 x 100 mm, 4-4m particle size,
Waters Associates, Milford, MA) using UV detection at 289 nm
essentially as described earlier ( 1B).

Inactivation Experiments. TPO or Iactoperoxidase (LPO,
1.0 zM) was preincubated with the flavonoid (f 00-150 4M) for
1 min prior to initiation of the reaction by the addition of
hydrogen peroxide (200 pM). After 4 min of incubation, aliquots
were removed and diluted 1000- to 2000-fold, and the residual
enz)Trle activity was measured using lhe tyrosine iodination
assay as described previousll' (.1q. h was determined that,
following dilution, the concentration ofllavonoid remaining had
a minimal effect on the enzl'rne activity assay. A minimum of
triplicate analyses was performed.
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Table l. Effect of Flavonoids on TPO Activity"

conpound ICso (aM)b 9ä inact,ivation'

Divi and Doerge

380 400 420 4fi 460

WAVELENGTH (nm)

Flgure 2. Second-derivative Soret spectra ofnative TPO and
flavonoid-inactivated TPO. TPO (1.0 aM) was incubated with
or without kaempferol (150 lrM )/naringenin ( 150 ,aM l and HzOz
(200 ,riM). After 4 rnin of incubation, spectra *,ere obtained
between 380 and 460 nm. Spectra 1,2, and 3 are native TPO,
kaempferol-inactivated TPO, and naringenin-inactivated TPO,
respectively.

murn at 428 nrn (a red shift of 15 nrn) and about 60-
70o/o decrease in the Soret absorbance. Similar changes
were observed during inactivation of the enzyme in the
presence of catechin, fisetin, morin, or quercetin. In
contrast, analogous incubations with flavanone, flavone,
myricetin, or naring'in resulted in no spectral changes.
Control experiments in which the flavonoid was omitted
from the incubation mixture resulted in no change in
absorbance. It is likely that the 390/393 nm peaks
observed wele due to the presence of oxidized flavonoids.
The ievels formed were low in these cases because of the
enzJrne inactivation that occumed; however, with phenol
and pyrogallol, which are good substrates, prominent
absorptions in this spectral region are observed (data not
shown). As predicted for mechanism-based inhibitiors
(20), a linear relationship was observed between the
concentration of kaernpferol, lnorin, naringenin, or quer-
cetin versus the product of inaetivabion half-times and
the flavonoid concentration. Values for k; and K; ranged
flom 1.4 to 6.7 and 6.2 to 72.9, respectively. A typical
piot obtained with naringenin is shown in tr'igure 3. The
saturafion kinetics obserwed are consistent with forma-
tion of a reversible complex between enzyme and the
flavonoid prior to inactivation. The apparent enzy.rne-
inhibitor dissociation constants (K;, Table 2) for the
flavonoids are approximately one-half to one-third the
apparent K. value for iodide ton (22.4 ,rrM, tyrosine
iodination) determined under siuiilar conditions for TPO.
The apparent maximal inactivation rate constants (&)
for these flavonoids are ca. ?00- to 3000-fold lower than
the turnover number for the norrnal erlzyme reaction
with iodide ion (tyrosine iodination, -4800 min-r).

Figure 4 shows the titration of TPO activity by varying
limiting concentrations of HzOz in the presence of nar-
ingenin under aelobic or minimal oxygen conditions.
Inactivation was increased by hypoxia at all HzOz con-
centrations tested. Extrapolation of the linear portion
ofthe curves yieided approximate partition ratio values
of 8 and 42, respectively, in hypoxic and aerobic condi-
tions. Addition of other TPO substrates (e.g., pyrogallol,
iodide ion) reduced the inactivation ofTPO by kaempferol
(see Table 3). The presence of pyrogaliol, a potent
substrate for 'IPO, in the reaction mixtqre at > 150 pM
completely protected the enzyme from inactivation by
kaempferol. The presence of iodide ion (5.0 mM) in the

> 1500
>2000
40.6 + 3.88
36.4 + 3.86
12.6  +  1 .56
8.3 + 0.93
6.3 .l 0.63
6.2 + 0.84
2.7 + g.9g
2.4  +  0 .64
2.7 ,x 0.82
1.2 + 0.48
0.6  +  0 .18

2.1  r  0 .13
6.8  +  0 .34

36.5 + 4.26
42.9 t 6.32
2.3  r  1 .52
8.3 + 1.76

3 1 . 1 +  3 . 9 7
14.6  *  2 .01
72.4 t 5.89
63.9  +12.59
52.2 + 6.43
76.9 r 10.6?
8.9 + 1.02

'The assay system containing TPO (2.0 nM), tyrosine (0.15
mM), iodide ion (0. l5 mM), and the appropriate concentration of
test compound n'as preincubated in phosphate buffer (pll 7.4) for
2 rnin. The conditions for HPLC analysis are described in Materials
and Methods. b IC5e values (mean .t SIJ) are baseil on 2 5
experiments in which the compounds rvere tested at 8-12 con-
centrations in duplicate. 'Inactivation experiments were canied
out in the presence of TPO ( 1.0 4M), test compound (150 4M), and
HzOz QOO pM) at 25 "C in 0.1 M phosphate buffer (pH 7.4). After
2-3 min of incubation, aliquots of the reaction mixture rvere
withdrawn and diluted 1000 to 2000-fold, and t1:rosine iodination
.fttivity was measuteci spectrophotometrically"
r

(sing a reversed phase column (3 cm x 2 mm, 3 pm particle
q {ze, Pelkin Eirner, Norwalk, CT) using 60Vo aceLonitrile in H:O

F Eith a flow rate of 1.0 mL/rnin. The detection was carried out
.- 4! 230 nrn, and UV spectra (220-350 nm) were obtained using

ä'ESpectra Focus rapid scanning detector (Spectra Physics, San
-; 

'$se, OA). Individual product peaks were collected for further

I malysi" (see below).
p ! The products ofthe biochanin Aiodination were investigated

$ li$, using ES/MS w'ith a VG Platform mass Epectr'ometer (Fisons

f 6;strunents, Aitrincham, U.K.). The mass spectrometer was
'i 

@erated at the following conditions: capillary voltage 2.63 kV,

! $V lens voitage 0.57 kV, cone voltage 45'75 V, and source

F ftmpelature 60 'C; and scanning was canied oul aL an n,/z

E &"g" of 100-600 at a rate of 1.49 s/scan for both positive and

! {tgative ion acquisitions. A 10 prl sample containing ca. 150

;'h-g ofthe products (separated offJine by LC as described above)

! #as introduced b.y flow injection analysis using a syringe pump

! ,{äli"ering 50u/o aceionitrlle in water at 10,rzl,/min"
= fr The rnajor prod uct of biochanin A described above was further

.i Qtutu.t"tir"d by IH-NMR (llruker AM1 spectronieter operated
- 

ö 500.13 MHz) in CDC13.

i
E Results

All of the flavonoids tested except flavanone and
flavone inhibited tyrosine iodination by TPO, but with
markedly different potencies (see Table 1). ICso values
ranged from 0.6 to 40.6 4M with the following order of
potency: myricetin > kaempferol > morin > quercetin
> naringenin > biochanin A > fisetin > baicalein >
naringin > catechin > nltin. Subsequent studies were
r.rndertaken to detennine the mechanistns for the ob-
served inhibitory effects.

Time-Dependent Inactivation of TPO by Fla-
vonoids. Incubation of 1'PO with kaempferol, n)orin,
naringenin, or quercetin in the presence of HzOz showed
time-dependent loss of enzlrne activity in an apparent,
first-order process. No loss of activity was observed in
the absence of HzOz, and the rate of inactivation was
dependent on the concentration of the flavonoid. Inac-
tivation was associated with spectral changes in the Soret
absorbance band (Figure 2). Native TPO had an absorp-
tion maximum at 413 nm, whereas naringenin- or
kaempferol-inactivated TPO had an absorption maxi-

{lavanone
flavone
rutrn
catechin
naringin
baicalein
fisetin
biochanin A
naringenin
<luercetin
mor in
kaempferol
mylicetin
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Figure 3. Kinetics of inactivation of TPO by naringenrn.
Inset :  TPO r . l 'as incubated rv i th (O) nar ingenin (6 l rM) orwi thout
( O) naringenin and hydrogen peroxide (200 /M) at 25 * 0.1 "C
in phosphate buffer (pH 7.4), and the activity remaining at
valious time points t'as determined (n : 6). Half-times for
inact ivat ion of  TPO (1.0-5.0 pM) by nar ingenin (6.0-30.0 pM)
rvere determined graphically from lhe time course ofinactiva-
t10n.
5
STable 2. Kinetic Const,rnts for the Inactivation of TPO
{ b5r Flavonoids'

5-
C

j  compound 6; furM) . / i ,  ( m l n  ' l
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lH,orylrPol
Figure 4. 4. 11202 dependence of inactivation of TPO by
naringenin under aerobic and hypoxic conditions. 'l 'PO (f .0 7.rM)
N'as incubated rvith naringenin (150 pI\{) in 0.1 M phosphate
buffer (pH 7.4) at 25 + 0.1 "C, and the enzyrne activity was
titrated by addition of limiting amounts of hydrogen peroxide
(r ). Minimal oxygen conditions (l) were maintained by flushing
with nitrogen and keeping the solutions under nitrogen atmo-
sphere during the reaction. Partition ratios were estimated ):y
extrapolating the linear portion of the curves to the abscissa
(.42 and 8 lrM). Inset: Correlation between HrOz added and the
inactivation of TPO by naringenin (O) and loss of Soret absor-
bance (O).

Table 3. Inactivation of TPO by Kaempf'erol in the
Presence and Absence ofAlternate Substratesa

reaction conditions
activity remaining

(% of control)

I
\
r \

300

=
3 zoo

-t
'  t 5 0

.=
d l

E

z 5 0

_p

ü
s

s

100 -

3 u b

n S

l
1 0 0753Ut2

t ! c

- o

6.23
t2.87
7.06
7.09

2.61
1.36
6.68
1.69

kaemplerol
morln
naringenin
quercetin

j ä " ReactionmixturesconsistingofTPO (1.0 5.01M), kaempferol
cz t8.0 40.0 7rM)/mor in 110.0 50.0 rrM)/nar ingenin (6.0-30.0 7rX{) /
I {rrercetin (f 2.0-60.0 lrM), and HzOz1C.2 mM) were incubated at
\ft + tt.t "C in 0.1 M phosphate buffer (pH 7.4), and aliquots were
Ü *ithdrawn at various tirne points and residual activity of TPO
j fas measured. The ratio of TPO/flavonoid rvas maintained at

llEtZS,0.1, 0.i67, and 0.083, respectively, for kaernpferol, nrorin,
4 Sringenin, and quercetin. Hall'-tinre for inactivation was deter-
! $ined from the time course plots as previously described (19, 20.
i ' ;
? -
n i .
! $action mixture partiaily protected the enzyme against

X iiractivation.
E 5 Dialysis of inactivated'lPO was performed in order to

Sstinguish between covalent or reversible binding of'

färingenin or kaempferol. Dialysis of enzyme alone
&sulted in 2-8Vo loss of e\zyme activity with little or
no change in the spectral properties. Incubation ofTPO
rvith the flavonoids in the absence of H2O2 caused no
significant changes in either activity or spectra compared
to control incubation. ltrowever, in the presence ofHzOz,
kaempferol or naringenin produced -70o/o itactivation
of TPO arrd -650/o decrease in the Soret absorbance that
|emained after diaiysis.

Inactivation of Different Peroxidases try Narin-
genin/Quercetin. Table 4 lists the activities of different
enz)rynes remaining after incubation of these enzymes
rvith naringenin or quercetin in the presence of HzOz.
TPO, LPO, and CcP were found to be more susceptible
to inactivation by quercetin coülpared to other enzJ,'rnes,
although significant inactivation of MPO and HRP was
obseryed.

Effect of Myricetin and Naringin on the Kinetics
of TPO-Catalyzed'fyrosine Iodination. My.icetin
and naringin, the glycoside of naringenin, did not inac-
tivate TPO, but low concentrations did inhibit tyrosine
iodination- The iodide ion concentration deoendence of

" TPO (L0 pM) was incubated with 5.0 mNI iodide ion, 150 1rM
kaempferol (KAE), 200 pM pyrogallol (PYG), and 2001M hydrogen
peroxide (HzOz) in the combinat ions indicated at25 I0.1 'C in
0.1 M phosphate buffer (pH 7.4) for 4 min, aliquots were with-
drawn and diluted 1000- to 2000-fold, and the tyrosine iodinat,ion
activity was measured. The values are rnean + SD (n: 6).

Table 4.  Inact ivat ion ofVar ious Peroxidases by
Naringenin/Quercetina

TPO
TPO + H2O?
TPO + KAE
TPO 1.KAE + H2O2
T P O + I
TPO + PYG
T P O + K A E * I  * H z O r
TPO + KAE * PYG'f HzOz

99.2 + 3.77
97.4  *  5 .86
96.3 + 4.89
18.2  +  8 .96
96.8 + 4.59
99.6 + 3.92
63.8  +  8 .46
94.3 + 7.29

o/a inactivation
(naringemn)

?o inactivatton
(quercetin)peroxidase

73.2  t2 .36
82.7  a  3 .18
48.5 r 1.45
24.8 + 9.83
24.6 + 15.43
2.0  +  8 .25

3 Peroxidases (1.0,aM) except CcP were incubated with narin-
genin or quercetin ( 150 pM) and HzOz (200 pM) for 3 min at 25 "C
in 0.1 M phosphate buffer (pH 7.4). In the case of CcP, 5.0 pM of
enzyrne was incubated with 250,1M test compound. Aliquots were
withdras'n and diluted 1000-fold, and residual guaiacol oxidation
activity was determined. The values given are mean a SD (n :
4). The aciivity in the absence oftest compound, but corrtaining
\Vo ethanol, was taken as l00o/o.

TPO-cataiyzed tyrosine iodination was measured in

incubations with myricetin and naringin. For both
compounds, the inhibition was noncoppetitive with
respect to iodide ion concentration since 7**, but llot Kn,
was affected. The Dixon plots shown in Figure 5A,C

LPO
TPO
MPO
CPO
CcP
HRP

61.4  +  6 .32
73.3 + .1.96
51.8  +  6 .32
17.1  +  10 .53
61.0  +  8 .67
13.7 + 7.93

0
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Figure 6. Time course of tyrosine iodination in the presence
ofbiochanin A. 'Ihe reaction was carried out in the presence of
2.5 nM TPO, 150 4M iodide ion,  150 aM tyrosine,  1.25 mM
o-glucose, l0 nM giucose oxidase, and 0 lrM (O), 4.0 7rM (r), 8.0
lM (r) ,  12.0 1rM (v) ,  or  20.0 pM (0)  b iochanin A at  25 + 0.1 "C.
The reaction was stalted by addition of glucose oxidase to the
reaction nixture. MIT forned was monitored bv LC as described
in Materiais and Methods.

Scheme 1" Iodinat ion of  Biochanin A by TPO
I

"HO HO
l t o

^ ^ . F  -
l /Lnl  H2Or, l -  I

mined using the Michaelis--Menten relationship to be
17.30 pM and 0.0283 AU/min at a fixed concentration of
iodide ion and HzOz.

Characterization of Biochanin A Products Using
ES/MS and NMR" TPO catalyzed the convercion of
biochanin A into at least three products as deterrnined
by HPLC-UV. The peaks were collected off-line and
analyzed by ES/MS in positive and negative ion modes.
The major product (retention time 11.9 min) gave a
deprotonated molecule at nominal mass 535 Da with
plominent fragment ions at m/z 52L (M - CH2) and 127
(I ). In positive ion mode, the protonated molecule had
a nominal mass of 537 Da, consistent with a diiodinated
derivative. Both rninor producbs were sirnilarly anaTyzed
and were consistent with isomeric monoiodinated t(M -

H) , m/2409; (M + H)+, m,/z4lll. Insufficient amounts
of purified monoiodinated products plecluded additional
means of structure proof.

The structure of diiododinated product was further
identified using 1H-NMR. All proton resonances for
biochanin A (see Scheme 1) were tentatively assigned as
fol lows: 3.83 (s, 3H, H"); 5.45 (bs, lH, Hr); 6.28 (d, 1H,
Hu, Juu,rre :  2.2 Hz);6.35 (d, 1H, Hr); 6.96 (d, 2H, Ha,
jr",ua : 6.7 Hz);7.43 (d, 2H, H"); 7.84 ß,1H, Hr,);  12.90
(s, 1H, Hr,). The assignments for H" and H4 were
confirmed by selective NOE inadiation experirnents:
NOE was observed for H. upon irradiation of H5 and for
H6 upon irradiation of H"; the resonances for lI, and H,
were assigned based on known effects of ahydroxyl
groups and the observed 2.2 Flz coupli.ng. 'l'he assign-
ment of Hi was based on the observed line broadening
expected {br a hydrogen bonded proton. H6 was assigned
based on the expected acidity and its resulting extreme
downfieid resonance. The diiodinated product had simi-
lar proton resonances except that the twq protons in the
resorcinol moiety (Hu and Hr), and no others, were
eliminated (data not shown).

60
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Figure 5. 5. Dixon piots showing the inhibition of TPO-
caialyzed t1.'rosine iodination by myricetin and naringin. (A) The
incubation system contained 2.5 nM TPO, 150 pM tyrosine,
12.5-100 4M (r-O) iodide ion, 25 pM H2Ol and 0*1.6 prM
myricetin. In (B) 2.5 nM TPO, 150 pM tyrosine, 150 pM iodide
ipn, 10-160 tNI HrOz (f -O) and 0-2.5 pM m;ricetin were
fi'esent. (C) 1.25 nM TPO, 150 pM tSrrosine, 25 pMHzOz,12.5-
$O.Z rrU (a-t), iodide ion, and 0-6.0 7iM naringin were present
rt the incubation mixture. In (D), 2.5 nM TPO, 150 4M iodide

- &n, 150 pM t1'rosine, 5-80 pM H:Oz (a*ö), and 0-6.0 pM
! ppringin were present.

i'üelded an apparent value for the enzyme-inhibitor

! össociation constant, K, of I.4 and 4.8 pM, respectively,

i üor myricetin and naringin when measured in incubations

! drntaining 25 pM HzOz. These K vaiues are ca. 5- to

t F fold iower than the respective K* for iodide ion.

fr f;'fne HzOz concentration dependence of TPO,cataIyzed

I furosine iodination was also measured in incubations
i Eith m5n'icetin and nar-ingin. The Dixon plots (Figure

E F,D) of the reciprocal rate of tyrosine iodination as a
ä frnction of flavonoid concentration yielded families of
-äfrrrves intersecting above the x-axis. 'fhis pattern is

! @nsistent with either competivive or linear mixed-type
ji i$trifition (21), and an appalent Ki value of 0.54 and 1.7

i,AVI, respectively, for myricetin and naringin was obtained
ö 6hen measured at 150 lM iodide ion. Reolots of the

pixon plot slopes revealed that myricetin wäs a mixed-

$rc inhibitor and naringin was a competitive inhibitor
frith respect to H2O2 concentration. The Ki values are
20- to 63-fold lower than the K," determined for HzOz (34

,zzM).
Inhibition ofTPO-Catalyzed Tyrosine Iodination

by Biochanin A. Figure 6 shows the time course of
iodination of tyrosine in the presence of different con-
centrations ofbiochanin A when glucose/glucose oxidase
was used to produce a steady state concentration ofH2O2.
The presence of biochanin A in the reaction müture
resulted in initial blockade of iodination followed by a
linear increase in MIT forrnation alter the lag phase. The
length ofthe lag phase was dependent on the concentra-
tion of biochanin A. However, the rate of MIT formation
following lag phase was unchanged from the controi rate.
TPO-catalyzed iodination of bioichanin A (0-50 pM) was
measured at fixed concentrations of iodide ion (250 pM)
and H2O2 (50 4M). Reactions were started by the
addition of HzOz to the reaction mixture and rnonitored
spectrophotometrically at 290 nm. Reciprocal velocities
(1/ÄA per minute) were plotted against the reciplocal of
biochanin A concentration, and K- and l/** were deter-

,,/
, l r

./ ,/ ,t'./.4--' __

- 450

f
.E 300
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Discussion

Ttre flavonojds investigated in this study fit into several
broad groups based on ICro values for inhibit ion of l 'PO-
ca^talyzed tyrosine iodination (see Tabie l) .  While i t  is
not val id to colnpare ICso values for compounds wit lr
rrnl<nown inhibition mechanisnrs, the abilit_v to differenti-
ate grossly f lavonoid potency was a useful screening
procedure in t ire ini t ial  phase of this study. In previous
lvork, we have demonstrated several mechanisrtrs can be
responsible for inhibit ion of TPO- and LPO-catalyzed
reactions: suicide inactivation (19), rapid equi l i trr iur ir
(reversible) binding (221, and alternate subsrrate conr-
peti t ion for the enzyntatic iodinating ir l termediate (. /B
23. These exper. imental approaches rr,ere used to de-
terrnine inhibit ion mechaDisms and struciure-ac,t ivi ty
relat ionships for these typical dietary f lavonoids.

When the more potent inhibitors were investigated
further, i t  was seen that naringenin, quercetin, nrorin,
and kaempferol caused irreversible inactivation of TPO
(see ' fable 

I,  column 3). The kinetics of irreversible
enzyn)e inactivation (see Table 2 and Figule 3), the
altered visible absorbance spectrum of inactivated TPO

$igure 2), and, the corresporrdence of spectral changes
f ith loss of enzymatic activity (Figure 4) were consistent

f i th mechanism-based inhibit ion as previously described
q frr the action of resorcinol and derivatives on TPO and
i EPO ( I  0. ln the previously prolrosed rnechanism, neac-
- Eve resorcinol radicals are formed in the active site by
= compound I-mediated oxidation of the phenolic suicide

3 grbstrate, and inactivation occurs by covalent binding ol
3 $ese radicals to catalytic amino acid radical(s) on
i rpnrpound II  (19 This conclusion was supported by the
! {rserved binding of l0 mol of resorcinol/mol of LPO
5 

"iftactluated. The-spectral changes observed for flavonoid-

! hactivated TPO (see Figure 2) are similar to those seen
E 6 resorcinol- inactivated TPO and l-PO, suggesting a
ä $nrnron mechanisnr of inactivation. At the present time,
? ttre cause for t l re observed spectral changes is not clear
5'hut rnay result from herne modif icat ion in addit ion to
p {4t ive site arnino acid residues. The lack of comntercial

€ Surces for radiolabeled f lavonoids precluded further
i iirvestigation of the covalent binding of flavonoids to TPO.
ö € I.r agreement with our previous stucly, a free resorcinol

gfuoiety is present in al l  of the f lavonoids (nar ingenin,

iiiuercetin. morin. kaempierol.) that cause substantial
i i ract ivat ion (>40"/o) under the condit ions (see l-able 1).
Tfre srnal ler amounts of inactivation. observed for f la-
vonoids that do not contain a resorcinol moiety (f lavone,
I'lavanone, baicalein, fisetin), were similar to the low level
inactivation caused by the action of rnonoptrenol ic radi '
cais (e.g., guaiacol),  as was observed in the previous study
( 1 9 .

However' ,  the presence of a resorcinoi rnoiety in f la-
vonoids lvas not suff icient to cause substantial TPO
inactir ,at ion, as rut in, biochanin A, and myricetin were
wegk inactivators Possible mcdity' ing factors fbr these
compounds are as follows: the presence of a sugar moiety
on the resorcinol hydroxyl group in naringin completely
blocked the inactivation observed for the aglycon, nar-
ingenin; the presence ofa sugar lnoiety in the pyranone
ring of rut in; the presence of a pyrogallol moiety in the
Z-aryl substi tuent of rnyricetin appears to make this
flavonoid a potent substrate and competitive inhjbitor of
TPO-catalyzed reactions; biochanin A, in which the aryi
substi tuerrt is attached to the 3-posit ion of the pyranone
rirrg, is an alternate substrate inhibitor of iodination (see

Clu'nt. Res. Toxicol., Val 9, No. I. 1996 2L

Scheme 2" Proposed Formation and Reactions of
Flavonoid Radicals
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below); the change in goirig from a hydroxypyranone ring
in kaernpferol to a hydroxydihydropyran in catechin
produced a marked reduction in IC50 and TPO inactiva-
tion; however, the same change from the hyclroxypyra-
none in kaempferol to a di lrydropyranone in naringenin
produced a minimal change in inactivation potency.

Reversible (rapid equi l ibr iurn) inhibit ion of TPO-
catalyzed tyrosine iodination was observed in the pres-
ence of nryricetin and naringin. Figure 5 shows the
Dixon plots for inhibit ion of tyrosine iodination in the
presence of varying arnounts of the two substrates, iodide
ion (A, C) or FIzOz (8, D). The inhibition by rnyricetin
and naringin was consistent with a nonconlpeti t ive
nrechanisnr wit l t  respect to iodide ion and l inear n'r ixed-
type with respect to H2O2 Ql). In both noncompetit ive
and l inear n'r ixed type nrechanisms, inhibit ion results
fronr the binding of inhibitor and substrate to dif ferent
sites or enzyme forms. A minimal mechanism consistent
with these kinetics and the known propert ies of peroxi
dases is shown in Scheme 2. In this proposed rnecha-
nisrn, myricetin and naringin interact wlth TPO conr-
pounds I and II  but not EOI (the enzyrnatic iodinating
species) or native TPO. Further interpretat ion of the
inhibit ion kinetics in this mult isubstrate ping-pong
systern is beyond the scope of this discussion.

Figure 6 shows the effects of increasing amounts of
biochanin A on TPO-catalyzed tyrosine iodination in the
presence of a corttinuous sorlrce of ll,zOz produced by
glucose/glucose oxidase. As the concentrat ion of biocha-
nn A was increased, ti-re iength of the )ag phase in-
creased. Fol lowing the lag, tyrosine iodination resumed
at the corl trol rate. f)uring the lag phase. or in the
absence of tyrosine, biochanin A (tr, ,"* 262, 322 nm) was
converted to products with red-shif ted UV absorptiorr
maxirna (, i . , , ,^" 280, 340 nnr), and HPLC arralysis demon
strated the fornration of at least three products with
altered UV spectra (data not shorvn). The identity of the
nrajor product was establ ished by ES/MS and rH-NMR

as the diiodinated resorcinol cierivative shown in Schenie
l. The two rninor products observed by HPLC were found
to be monoiodinated, presumably result ing frorn iodina-
t ion of either posit ion on the resorcirrol r ing. These data
are consistent with alternate substrate inhibit ion of
rodination as previously reported for inlr ibi t ion of TPO-
catalyzed iodination reactions by ethylenethiourea and
N,N'-disubsti tuted benzirnidazole-2-thiones (18, 2$. Irr
this rnechanism. competit ion between tyrosine and the
alternate substrate for tlie enzymatic iodinating species
(EOI, see Scheme 2) results initially in cornplete blockade
of tyrosine iodination because of the higher affinlty for
biocharrin A. Horvever, after the alternate substrate is



22 Chem. Iles. Toxicol., Vol. 9, No. 1, 1996

consunred, tyrosine iodination resurnes at an unchanged
rate.

Resolcinol-mediated inactivation was previously in-
vestigated for a series of peroxidases, and it was deter-
mined that TPO, LPO, and CcP were highly susceptible.
but HRP and other peroxidases were resistant (19).
These observatior)s were col 'rsistent with the presence of
catalyt ic amino acid radicals in the susceptible peroxi-
dases but not in HRP. A similar trend was seen in the
present study for naringenin, except that MPO was also
signif icantly, inactivated (see ' Iable 

4)" This latter ob-
servation could be consistent with the suggestion that
IvIPO also forrns protein-centered radicals following reac-
t ion with H2O, (24). Inactivation by quercetin was
highest for TPO, LPO, and CcP, but signif icant inactiva-
t ion of al l  peroxidases tested occurred, including l{RP.

Most compounds tested inhibited the TPO-catalyzed
oxidatior.r of guaiacol with ICscs of a rnagnitude sirni lar
to that seen for tyrosine iodination. I lowever, low
concentrat ions of myricetin and naringin (.10 pM)
caused a st inlulat ion of guaiacol oxidation, and the
kinetics slrowed an increase ln V",o" (data not shown).
These observations are consistent rvith preferential TPO-

$ediated oxidation, by either compound I or compound

$, ofthe f lavonoid to a phenoxyl radicai that abstracrs a
bydrogen atom frorn guaiacol to fornt the guaiacol radical

9 Ehich produces the colored oxidation product, presui l l -

i  SIV u dirnel ic species (see Scheme 2,ref 25). Regenera-
'"-.tion of the flavonoid cornpletes a catalytic pr-ocess that
E gives guaiacol oxidation at an increased rate due to
5 Eigher enzynratic turnover of the flavonoid relative to
I dilaiacol
( p Other evidence for the part icipation of f lavonoid radi-

f  6' ts ln TPO-nrediated rear:t ions is seen in Figure 4. I t

!  qas observed that TPO inactivation by naringenin was
I ei.rhancecl when Oz was rernoved li'om the incubation

I frediunr. Excluding 02 decreased the part i t ion rat io, the
4 ütio between rate constants for suicide substrate turn,
< gyer and inactivation (20) ,  by ca. 5-fold froln 42 to 8 4M.
! Einri lar results were observed with resorcinol (data not

! dlown). These observations are corrsistent with a reac-

f Qon betr,r 'eerr 02 and the phenoxl, l  radicals lorrned by

J SPO-catalyzed oxidation that diverts the inactivating
o 

$dicat to a pathway leading to turnover of the suicicle
s$-rbstrate and not enzyme inactivation (see Scheme 2).
Similar reactions have been proposed for l ight emission
dtut u..o-panies peroxiclase-metl iated nrÄtabolisnr of
tetracycl ine and oxicanrs under aerobic condit ions (26).

The inhibitory eff'ects on TPO derrronstrated for these
dietary flavonoids are sufficient to exltlain the antittryroid
effects reported in humans and experimental animals (12,
tB). The dif f 'erent rnechanisms identi f ied here fon TPO
inhibit iorr do, however, suggest dif ferences in the poten-
t ial  hazards to humans cortsuming t lrese contpounds. ln
vivo, tlavonoids tlrat are TPO suicide substrates are likely
to exert a long-last ing depression of t l ryroid horrnone
synthesis because cle novo enzynre synthesis is required
to restore lost act ivi ty. However' ,  the inhibitory effects
of flavonoids that are alternate substrate iodination
inhibitors would be attenuated by TPO-catal-yzed iodi-
i lat ion to inactive products, and the effects of reversibly
binding inhibitors would be attenuated by extrathyroidal
metabolism and excretion. Therefore, interrnitteüt or
lorv-dose exposure to suicide substrates in the diet,  but
not alternate iodination substrates or reversible inlr ibi-
tors, could have signif icant impact on thyroid hormone
status. However, chronic exposrlre to anv of these

Diui and Doerge

flavonoid inhibitols, especial ly at high doses, could el ici t
prolonged blockade of thyroid hornrone synthesis. Any
compound that causes chronic inhibit ion of thyroid
horrrrone synthesis is a potertt ial  thyroid carcinogen t l tat
acts by long-terrn st imuiat ion of thyroid growth induced
by elevated levels of thyroid st imulat ing hornrone (TSH)
(27). Alt trough t lrere is considerably less evidence of a
role for TSII st imulat ion irr the et iology of thyroicl cancer
in humans as opposed to experirnental animals, t l rree
case-control studies in the U"S. consistently showed
thyroid cancer rvas strongly associated with preexist ing
goiter and thyroid nodules (for a review, see ref 27).
However, studies relating iodide intake levels and human
thyroid cancer in endemic goiter regions of the rvorld are
equivocal (27). Nevertheless, our results do suggest that
the consumption of foods rich in flavonoids, especially
those t lrat inactiuate TPO. has the Dotential to induce
goiter and in this nranner nray be invotved in the etiology
of human thyroid cancer.
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r\bstract

Somc dietary l lavonoit is inhibit  thyroperoxit lase and hepatic derodinase activi ty, indicatrng that these corrpounds coult l  be cl i is-
sif ied as anti- thyroid agents. In this study, we evaluated the in vitro effect of 'various f lavonoids on thyroid type I iodothyronine
deiot l inase activi ty (D1). D1 activi ty was measured in murine thyroid microsome fract ions by the release of r25l fromrl5l-reverse
T3. Di act ivi ty was signif icantly inhibited by al l  the f lavonoids tested; however, the inhibitory potencies on thyroid Dl act ivrLy
dif lered greatly arnong theni. A 50% inhibit ion of Dl act ivi ty (1C50) was obtained at l l  l rM baicalein. l3 pLn quercetin. l7 ;url
calechin,55 pLtvt rnorin,68 pttr l  rut in,70 pr 'r  l iset in,72 pu kaempferoi and 77 prr l  biochanin A. Our data reinfbrce the concept that
dietary f lavonoids rnight behave as anti thyroid agents. and possibly their chronic consumption could alter thyroid I 'urrct ion. O 2002
Elsevrer Sciencc Ltd. Al l  r ights reserved.

Keytords: Deiodinase; Flavonoids; Thyroid

l .  Introduction

The enzynre 5'-iooothyronine deiodiriase is responsible
for converting thyroxine (T4) to tri iodothyronine (T3),
the biologicaliy active hormone. Based on several func-
tional criteria and on <lifferent protein sequences, 5/-
deiodinases is classified into two isoenzymes; type I
(Dl) and type 2 (D2). The type I enzyme is pre-
dominantly fbund in the l iver. kidney and thyroid and is
responsible tbr generating most ol ' the circulating T3
(Leonard and Korhle, 1996). ln humans, T3 production
by the thyroicl is increased in patients with Basedow-
Graves disease, due to stimulated intrathyroidal T4
deiodinat ion (Salvatore et  a l . ,  1996).  In  addi t ion,  under
physiological conditions in rats, as reported by Cha-
noine et  a l .  (1993),  the thyro id g land is  an important
source of serurn 

'I3.

Flavonoids are widely distributed in plant-derived
lbods, as l iuits and vegetables, and have a variety of
biological activit ies, including antioxidant (Middleton,
1981) and ant i thyro id ef l 'ects  lCody et  a l . ,  1989;  L indsay

, , Ihbret ,ut ions:  l )1,  deiodinase act iv i ty ;  PTU, propylrh iouraci l
T3,  t r ; iodothyronine: ' f4,  thyroxine;  TPO, thyroperoxidase.

*  Co r respoud ing  au tho r .  Fax :  +55 -21 -590 -7147 .

E- tna il rdtlr es s. dcncarvig.r biof .ufi.br (D. P. Carvalho).

027t t -6915102rS -  see l ' ront  mal ter  ("  2{)02 Blsevie l  Science Ltd.  Al l  r ights reservcd
P l  I :  S 0 2 7 8 - 6 9  I  5 ( 0 2 ) 0 0 0 6 1 - 9

et  a l . ,  1989;  Doerge and Div i ,  1995;  Div i  and Doerge.
1996). Previously. in experimental animals, it has been
described that tho high consumption of f lavonoids an,l
other xenobiotics diminishes thyroid iodide uptake anci
thyroperoxidase (TPO) activity, inducing enlargeffrenr
and histological ohanges in the thyroid (Moudgal et al.,
1958;  Cody et  a l . ,  1989;  L indsay et  a l . ,  1989;  Gai tan"
1996). Recentiy, it was demonstrated that Kalanchoe brer
sil iensis aqueous extract, a Brazil ian medicinal herb that rs
known to contain flavonoids (Rossi-tsergmann et al.,
1997),  causes in  v i t ro TPO act iv i ty  inh ib i t ion and sca-
venges H2O2, an essential TPO cofastor (Ferreira et al.,
2000).

Synthet ic  f lavonoids such as EMD2l388,  and natura l
plant derived l lavonoids seem to inhibit T4 5'-deiodi-
nase act iv i ty  in  v ivo (Schroder-van der  Els t  et  a l . ,  l99 l )
and are potent inhibitors of hepatic deiodinase actrvity
rm vitro (Koehrle, 2000). However, f lavonoids are less
potent inhibitors of pituitary and brain D2 (Koehrle,
2000). Hence. the studies about the effects of l lavonoids
on tlryroid hormones metabolism are restricted to their
peripheral metab<ll isrn and there are no data about a
possible direct effect of f lavonoids on intrathyroidai
deiodination. Thus, the aim ot, the present study was to
investigate the in vitro role of some dietary flavonoicls
on thvro id Dl  act iv i tv"
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2. Nlatcrials and methods

Aclu l t  male Wistar  rats  weighrng 200 250 g were
sacri|ced by decapitation and their thyroids were excised
and processed lbr Dl activity rneasLrrement, as previously
described (Curty et al., 2000). Briefly, thyroids were
homogenized in 50 rru Tris HCI buffer pH 6 8, con-
ta in ing l0  mru d i th iot re i to l  ancl  I  rnu EDTA. us ing an
Ui t ra-Turrax (Staui 'en,  Germany) homogenizer . ' l 'he
homogenates were centrif 'uged at 1500 g, 4 'C lbr 30
rnin. Supernatants were centrifuged at 190,000 g, 4 'C

for 90 min and the pellets, containing mrcrosomai
fraction, \vere resuspended in the homogenizing buffer
and stored ar  -10 .Cl  (Berry et  a l " ,  1991;  Curty  et  a l . ,
2000).

Dl  act iv i ty  was measured using l2s l - rT3 as substrate,
based on rnethods previously described, rvith slight
modifications (Visser et al., 1979; Leonard and Rosen-
berg,  1980r Berry et  a l . .  1991;  Curty  et  a l . ,2000).  F la-
vonoids (Sigrna Chernical  Co. .  St  Louis,  MO, USA)
were dissolved in propylene gly'col and dilutecl in phos-
phate bufi 'er. A screening of inhibitory flavonoids was
done measuring a knorvn Dl activity in the presence ol-
I 00 pu of each flavonoid; then, lorver concentralions of
flavonoids were used in order to evaluate their inhibitory
potencies. Equal aliquots of puril ied r25l-rT3 (l.07 mCi/pg;
Nerv England Nuciear-Dupont, Boston, MA, USA)
rvere added to each assav tube. The mixture '"vas incu-
bated on a shaking-bath a[  37 ' 'C.  and the react ton w: ts
stopped al.ter 30 min by the acldit ion oi 8% bovine
seruln albumin and 10 mru propylthiouracil (P[U). fol-
lowecl by cold 20% trichloroacetic acid. Sarnples were
centrifuged (1,500 g, 4 'C, 5 min), and the supeu)atants
were appl ied to Dorvex 50 W-X2 oolumns (100 200
mesh hydrogen tbrm BioRad, Richmond, CA, USA).
Free t25I was eluted from the column with l0% acetic
acicl and the radioactivity was measured in a gamma-
counier. Specific enz)'me actir, ' i ty was expressed as
pmoles of  rT3 deiodinated.h-1. /mg-r  prote in.

Protein concentrations in the microsomal l iaction
\\ 'ere measured by the Bradford rnethod (Bradford.
t916).

'fhe experirnents were done at least three times and
the results are expressed as meantstandard error and
rvere analyzed by the Mann Whitney non-pararnetric
i-test Ibr assessment of' signil icance o1'data. Inhibitory
curves with each flavonoid were done in triplicate and
were analyzed by the statistical curve-litt ing package
Enzfitter (Elsevier-Biosoft, Cambridge, UK).

3. Results

Thyroid DI activity (control activity ranged from
127 ,100+  12 ,200  to  39 -5 ,000+31 ,810  pmo l  t : s1 .6 - r . /mg- r

protein) was significantly inhibited by all the flavonoids

-1.('.F. [;errtiru t'! ul.1 Rnti nul L'hentical Toriuthigr'40 (2002) 913-9]7
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Fig.  1.  Ef fect  of  f lavonoids on thyroid Dl  act ivr ty.  Dl  act iv i ty  in rat
thylo id microsornal  t iact ions was evaluated by the deiodinat ion ol '
i25l - rT3 antJ l25l  re lease.  Enzyrne act iv i ty  was measurcd in the absence
(con t ro l  :  I 00%,  r ' anged  f l om  127 ,  100 t12 ,200  t o  395 ,00013 i . 810
plnol  r25l .h I  

/mg 
I  protein)  and in the presence of  100 pu f lavonoids

or the di luent  propylene glycol .  Al l  the l lavonoids tested s lgni l lcant ly
inhib i tcd thyroid Dl  act iv i ry (P <0.05).
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Fig.  2.  El)cct  of  catechin on thyroid I )1 act iv i ty .  In rat  thyroi i l
microsomal l iact ions Dl  act iv i ty  was evaluated by the deiodinat ion or
l2sl - r 'T3 and lzs l  re leasc.  Enzyme act iv i ty  was nreasured in the pre.

senoe o{ increasing corrccntrat ior ls  of 'catcchin-  Resul ts ate exprcsset l  as
nrean *  S.  E.  M.

tesled at the concenlration of 100 ptrl (P <0.05); pro-
pylene glycol alone did not inhibit Dl actir, ' i ty (Fig. l).

In order to compar€ inhibitory potencies (1C50), Dl
activity was assayed in the presence of lower concentra-
tions ol'the flavonoid. Inhibitory kinetics were difTerent
among the flavonoids tested. Catechin, quercetin and
baicalein inhibitory curves showed residual velocity,
demonstrating that the enzyme could not be completely
rnhibited by these flavonoids in our experimental con-
ditions (a representative curve of catechiu is shown cln
Fig.2). Besides, Dl inhibit ion by rutir.r and biochanin A
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F ig .3 .  E f f cc t  o fh i ochan in  A  on  t hy ro r t l  t ) l  a c t i v i t y .  l n  r a t  t hy ro i d
microsomal l iact ions I ) l  act iv i ty  rvas evaiuated by the derodinat ion of
r25l- r ' f l  änd125l  re lease.  Enzyrne act iv i ty  was measured in the pre-

scnce of  increasrng concentrat ions of  b iochanin A.  I lesul ts are expres-
sed  as  rncan lS .E , .M .
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Frg.  4.  Ef fect  of  mor in on thyroid Dl  act iv i (y.  ln rat  thyroid mioro-
sornal  f ract ions DI act iv i ty  was evaluated by thc deiodrnat ion of  l25l-

rT3 and I25l  re leasc.  l inzyrne act iv i ty  was measured in the presence of
increasing concenl fat ions of  b iochanin A.  Resul ts are expressed as

mean t  S.E.N{.

- fable 
i

Ef l 'ect  of  f lavonoids on thyroid type )  S ' -deiodinase (Dl)  act iv i ty .
Thyroid l ) l  act iv i ty  was evaluated in lhc presence of ' increasing eon-

centrat ions of  f lavonoid.  Concentrat ions necessary to inhib i t  Dl

actrv i ty  by 50% (tC:o)  are shorvn

Flavorroid lC51 (g l r  )

showec'l sorne co-operative activity demonstrated by the
kinetics of inhiir it ion (a representative cirrve ol'biochanir.r
A is  shown on Fig.  3) ,  as thei r  inh ib i tory curves show
that  at  lower concentrat ions of  f lavonoids the act iv i ty  rs
mainta ined and then abrupt ly  decreases.  The curve- f i t -
t ing analys is  of  D I  in t r ib i t ion by kaempfero l .  rnor in and
fisetin presumed r1o residual activity (a representatire
curve of  mor in is  shown on Fie.  4) .

Inhibitory potencies also'dlffered amorlg the flav,;
noids tested as 50% inhib i t ion of  Dl  act iv i ty  (1C56) wi . i . .
obtained at dil ierent concentrations of f lavonoic;
(Tabie l)" Baicalern and querLretin were the most poter:i
inhibitors and biochanin A the less potent D1 inhibitorv
s ubstir nce"

4. Discussion

Flavcrnoids are universally present rn vascular
plants ancl in l iuits, grains and vegetables. 

' lhey 
are

present in high concentrations in various staple foods
such as millet, soy, beans and nuts. Following inges-
tion, f lavonoid glycosides are hydrolyzed by intestinal
microbial glycosidases to flavonoids aglycones. These
may be absorbed and undergo further metabolisrn by
many tissues. It has been reported thtrt each meta-
bolic step increases their antithyroid efl 'ects (Gaitan,
I  ee6).

The inhibit ion of hepatic T4 5'-deiodinase by flavo-
noids has already been dernonstrated in vitro (Spanka et
al., 1990). In the present study we used microsomal
preparations; however, we do not believe that our find-
ings are due to an artifact of dislupted cells. ln vrv,-r
inhibit ion of T4 5'-deiodinase has also been suggestecl.
since T3 is decreased in many tissues alfer long-ternr
administration of a synthetic f lavonoid, despite normai
T3 serurn levels  (Schroder-van der  Els t  et  a i . ,  l99 l ) .  l t  is
a lso in terest ing to point  out  that  a i l  the f lavonoids te: -
ted here were active; however, the inhibitory potenciLi
were very dil lerent among thern, again indicating thai
inhibit ion was l.rot an artifact.

Divi and Doerge (1996) denronstrated tlrat sorne fla
vonoids are potent inhibitors ol thyroperoxidase iodi
nalion activity in vitro; however, their mechanism o:
action and inhibitory potencies diflered. In their study,
the most potent TPO inhibitory {lavonoids were
kaelnpl'erol, morin anci quercetin. ln our study, catecirn
showecl a lower IC.5e fbr thyroid Dl inhibit ion than that
ciescribed for TPO by Divi and Doerge (1996), suggest-
ing tlrat catechin might be a more potent inhibitor of D I
than TPO activity. Baicalein and rutin showed similar
inhibrtory potencies on TPO and thyroid Dl activity.
All the other flavonoids tested were at least l ive times
more potent on TPO than on thyroicl D I inhibit ion. We
have no data on whether every flavonoid tested inhibits
Dl by the same mechanism. However, sincc there is nc.
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paral le l is ln  in  the dose-response curve on Dl  inh ib i t ion
we car l  speculate that  these f lavonoids might  a lso inhib i t
this enzyme by difl 'erent mechanisms.

l 'he wel l -known ant i thyro id agent  propyl th iouraci l ,
rvh ich produces TPO inhib i t ion in  v i t ro ancl  in  v ivo,  is
a lso a potent  Dl  inh ib i tor .  So,  f lervonords that  can
inhib i t  both thyroperoxidase and Dl  act iv i t ies could
also behave as anti l.hyroid agents in vivo

Recently, for the first t ime in hunrans, the phanraco-
kinetic behavior of naturallt, occurring isoflavones has
beer)  repor tec l  (Setchel l  e t  a l . .  2001).  f l r is  s tudy con-
firmed the extensive distribution of these substances
af ter  absorpt ion.

The present paper refers to in vitro findings that can
be relevant under reai exposure conditions, since there is
some previous reports showing that orally administered
f lavonoids are d is t r ibuted and agcumulated in  var ious
endocrine organs, including the thyroid (Chang et al",
2000). Furthermore. f lavonoids can cross the placenta
and accumulate in  [eta l  t issues (Schroder-van der  Els t  et
a l . ,  1998 ;  Doe rge  e t  a i . , 2001 ) "  l t  has  a l ready  been
repcrrted that the concentrations of genistein (the prin-
cipal soy isoflavone) acli ieved in plasrna l iom hurnans
consurning soy products <;an reach approximately 1 pu
(Div i  e t  a l . ,  1997),  a concentrat ion s imi lar  to  the IC56
for l PO inhibit ion in vitro. Some recent f indings have
demonstrated that  

' fPO 
inhib i t ion occurs in  v ivo,  as

preclicted by the in vitro stuclies (Chang and Doerge,
2000). Hoil 'ever, further stuclies on the bioavailabil ity of
these compounds are ctearly sti l l  required,

This is the first report on the in vitro inhibit ion of
l lavorro ids on t l iy ro id Dl  act iv i ty"  h i t rathyro idalT4 5 ' -
deiodination is relevant lbr'I '3 production and secretion
by the thyroid. Thr,rs, apart l iom diminished local T3
production, chronic consumption ol' l lavonoids might
also induce decreased T3 serurn levels, mainly baicalein,
quercetin and catechin, the most polent inhibitors.
Hou,ever, it has to be established whether the in vitro
effects are also relevant ln vlvo.

In cor.rclusion, w'e demonstrate the inhibitory effect of
some flavonoids or.r thyroid type I deiodinase activity in
vitro. This infonnation, added to previous studies, sug-
gest that f lavonoids can impair thyroid i irnction and
might act as goitrogenio agents.
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Dietary Genistein Inactivates Rat Thyroid Peroxidase in Vivo
without an Apparent Hypothyroid Effect. Chang, H. C., and
Doerge, D. R. (2000). 'I'oxicol. 

Appl. Pharmacol.168,244-252.

Biological effects of genistein are currently under investigation
by the National Toxicology Program because of widespread and
increasing soy consumption by humans and evidence for modula-
tion of endocrine function" Rats were exposed to genistein agly-
cone in soy-free feed fortified at 0, 5, 100, and 500 ppm starting ln
uterothrough 20 weeks. Thyroid glands and serum were analyzed
for total genistein (aglycone * conjugates) using HPLC with
electrospray mass spectrometric detection. Microsomal thyroid
peroxidase (TPO) activity was measured spectrophotometrically.
The total genistein content in rat serum was as high as 8 pM, and
sigrrificant dose-dependent increases of genistein in thyroid tissue
up to I pmol/mg were found in male and female rats. The activity
of TPO in male and fenrale rats was found to be reduced by up to
80% in a dose-dependent manner. Male and female rats consum-
ing a standard soy-based rodent diet (NIH 3l) had TPO activity
approximately 507o lower than rats consuming a soy-free diet and
this loss was commensurate with measured serum levels of isofla-
vones. Suicide inactivation of rat, porcine, and human TPO was
observed in vitro at concentrations of genistein aglycone compa-
rable to those measured ilr rat fhyroids. Thyroid hormone Ievels
(T3, T4, TSH) in serum, thyroid weights, and histopathology
showed no differences between treated and untreated groups.
These findings suggest that, even though substantial amounts of
TPO activity are lost concornitant to soy isoflavone consurnption
by normal rats, the remaining enzymatic activity is sufficient to
maintain thyroid homeostasis in the absence of additional pertur-
bations.

Key Words: genistein; soy; thyroid peroxidase; mass spectrom-
etry.

A long-standing association between soy consumption and
goiter in animals and lrumans is doclinrented in the scientific
iiterafure. Beginning over 70 years ago, many sfudies have
shown the goitrogenic effects of soy in rats and the protective
effect of dietary iodide sr.rpplementation (McCarrison, 1933;

'To 
whom correspondence should be addressed. Fax:  (870) 543-7120.

E-mail : ddoerge(qnctr. fcia. gov.

Block e/  a | . ,1961,  Nordsiek,  1962;Koni jn  et  o l . ,1972 Kimura
et al., 1976;,Kay et ai., l9il8). Other studies have docurnented
the goitrogenic effects of soy formula in infants and subsequent
reversal upon switclring to cow milk or iodine-supplemented
diets (Van Wyk et al., 1959; Hydovitz, 1960; Shephard et tt l.,
1960;  Ripp,  1961;  Pinchera et  a l . ,  1965;  Labib at  a! . ,  1989.
Chorazy et al., 1.995; Jabbar et al., 1997). Antithyroici ef]'ects
were also reported in a study of 37 healthy, iodine-s'"rflicient
adrrlts without known thyroid disease (lshizuki et al. 1991)"
These workers obseled goiter and elevated individu:; TSHr
levels, although still within the normal range, in 37 irealthy
adults fed 30 g of pickled soy beans per day for as l it i le as I
month. Changes in serum thyroid hormone (T3 and T4) levels
were not observed. One month after stopping soy consumption.
the individual TSH values had decreased to the original levels
and goiters were reduced in size. Duncan et ol. (1999) de-
scribed a statistically significant ciecrease in T3 levels in l4
premenopausal but not l8 postmenopausal women consuming
up to 2 mg total of soy isoflavones per kg body weight per day
for about 3 months (Duncan et al., 1991)a,b). The data regard-
ing possible antithyroid effects of soy isoflavones and related
cclmpounds in hnrnans were summarized in a recent review
anicle (Fitzpatrick, 2000).

A previons report from this laboratory identified genistein

and daidzein as the componeuts in soy that inhibited TPO (Divi

et al., 1997) and described the suicide inactivation of bovine
Iactoperoxidase (bLPO) and porcine thyroid peroxidase
(pTPO). These findings, coupled with the history of soy's
antithyroid effects in humans and animals, prornpted au eval-
uation in vivo of possible antithyroid effects of the principal
soy isoflavone, genistein. As part of a multigeneration study of
the endocrine-rnodifuing properlies of genistein, several thy-
roid endpoints were evaluated in maie and femaie Sprague--
Dawley rats, including rTPO activity.

I  Abbreviatr txrs:  ANOVA, analysis of  var iance;  ES, e lectrospray;  t -OD,

l inr i t  o i 'dctect ion wi th s igna)Äroise rat io of  3;  t -PO, lactop, : r t>xida,e:  PNI) .
pustnatal day; MMI, rr.rethimazole; PTU, 6-n-propyl-4-thiouracil; I,ilNl, se-

iected ion rrcrni tor ing;  TPO, thyroid peroxidase;  TSH, thyroid s l i ' ru lat ing

honnonc:  T4,  rhyror ine:  f3.  t l i iodot l iyroninc.
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MATERIALS AND METHODS

lle0genls

Gcnistein, with purity greater than 99u% Iiom 'll- and 'tC-NN,lR., EI/MS,
rnelting pornt, and "fl-C analysis, was obtained liom Toronto Research Chem-

icals (Ontario, Canada); daidzein, calalase, crude glucuronidase/sullatase from
Helix ponatia containing l0! units/ml glucuronidase activity + 5 x t0r

unils/ml sulfatase activity, gcnistin, and guaiacol wele obtained from Sigma
Chernicai (St. t-ouis, MO). Human goiter TPO was oblained from CalBiochem
(Torrey Prnes,  CA).  [ )euterated daidzein (6,3 ' ,5 ' -d3,  95%) and geniste in

(6,8,3',5'-d4, 95%) were purchased frorn Carlbridge lsotope Laboratories

(Andover,  MA).  Ai l  solvents were HPLCI grade and Mi l l i -Q water was used

throughout.

Animal F eeding Procedures

Al l  procedures involv ing care and handl ing of  aninrals were reviewed and

approved by the NCTR Laboratory Anirnal Care and Use Comrnittee. CD
(Sprague-Dawley) rats were from the NCTR colony. Pups were taken fiom

darns that had been consunring soy- and alfaifa-fiee diet fortified with genistein

aglycone at various lcvels (0, 5, I 00, or 500 pglg) continuously since weaning.

Alter weaning, 48 pups rverc placed on the same genistein-supplemented chow

received originally by the rnother and were rnaintained on this food source

r.rntil the time of tcrmination at postnatal day (PND) 140. Thc basal diet was

inzrdiated 5K96 r leal  (Pur ina Mi l ls .  St .  [ .ouis,  MO).  This d iet  is  s i rn i lar  to the

standard NIH 3 | rat chow (Knapka, 1983), except that the soymcal and alfälfä

componenls are rep)aced by casein, soy oii is rcplaced by com oil, and the

vitamin content is adjusted to compensale lbr inadiation eft'ects. The genistcin

(0,5a pglg) and daidzein (0.a8 pglg) oontcnts in this feed were determined

using LC-ES/MS/MS analysis af ter  cornplete hydrolysis of  g lucoside conju-
gates (not shorvn). The genistein-fbrtifiod feed concentrations were verified

using LC-UV (260 nm detection). Rats in the diet comparison study were fed

the standard NIH 3l leed from weaning unlil 6 rnonlhs ofage.

Sample collection procedures. Anirnals (PND 140) were removed liom

f'eed early rn the moming (7 a.m.) in a randomized manner with respect to dose

group. lSlood (- 100 pl) was renroved fiom the tail vein irnrnediately lbllowing
rernoval flonl lood and transferred to Microtainer serum separator tubes
(llccton Dickinson, Franklin l-akes, NJ) lor preparation ofscrum by oentrif-

ugation after r:lotting, and the serum was stored frozen at -60'C. Anirnals

were then allowed access to tirod overnight betbre termination fiom carbon

dioxide asphyxiation on the following morning r.vithin 3 h after rernoval from
food. Blood was removed by cardiac puncture, Thyroid glands were surgically

disscctcd and fi'ozen in liquid nitrogen befbre storage at -70'C.

In the diet  compar ison study,  animals were nrainta ined on c i thcr  Nl l i  3 l  or

5K96 diet  unt i l  tenninat ion at  190 days (n = 6) .  l l lood was renioved by
cardiac puncture, allowed to clot at 4"C, and centrifugcd at 30009 f,or 25 rnin;

serurn was then collecled and storecl at -70"C until analysis. Thyroid glands

werc oollected as described earlicr.
' 

Intrathyroidal and serum genistein analysis. The procedures previously

described by Chang et al. (2000) were used. Briefly, rat thyroid tissue was

weighed {*10 mg frorn one lobe) and hornogenized in citrate buf}'er (200 pl

of 25 mM, pH 5.0). f)euterated genistein (l pmol/mg tissue) and 800 pl

nrethanol wele added and the suspension was sonicated. The sarrple mixtures

were then diluted with 2 ml citrate bufl'er and divided into two equal portions

fbr detennination oftotal genistein (after enzyme deconjugation) and aglycone
(rvithout dcoonjugation). Deconjugation was performed by adding 100 pg of

an enzyrne rnixture from Helix pamatia (40 60 units glucuronidase activity

and 1.5-.* units sulfatase activity; Sigma) and incubating at 3?uC for 60 min.

Samples were centrifuged and then cleaned up by using solid-phase extraclion
(SPE) prior to LC/MS analysis. Total genistein levels in serum were measured
using on-line SPIJ coupled with [-C-ES/MS as desoribed previously (Chang el

a| . ,2000: I )oerge et  a l . ,2000).

140ss Spectrometrv

A Platform Il single quadrupole mass spectrometer (Miorornass, Manches-
ter', U.K.) equipped with an liS interfäce was used rvith an ion source ternper-
ature of  150'C. Posi t ive ions were acquired in selected ion moni tor ing mode
(SIM) f i r r  t rSI /MS (dwel l  t ime = 0.3 s,  span :  0.02 I )a,  and interohannel  dclav
l imc = 0.03 s)  fcrr  the protonated molecule (M+H) '  ions lbr  geniste in ( rn l - -
271) and geniste in-d4 (nt tz 275),  whioh wr ' rc rnonikrred at  a sarnpl ing
cone-skimmer potent ia l  of  30 V.  Val tdat ion ot ' the isotope di lut ion MS teoh-
nique for  analysis of  geniste in and chalacter izat ion of  the deuteratecl  genistc in
were previously relortetl in detail (Holcier et at., 1999).

The sensi t iv i ty 'of  BS/MS detect ion al lowed the use of  smal l  volumes of
plasrna (50 pl )  or  t issue (10 mg) and the detecl ion l imi t  ( t .OI) ,  s /n = 3)  lor
genistein in serum was approximately 20 nM, and in thyroid was approxi-
matc ly 0.0- l  pnrol / rng l issue

Preparation und assa1, oJ microsomal rTPO" Thyroid sarnples (-10 rng
tiom a single lobe) were homogenized at 4'C in 2 ml ol' 5 rnM potassiurri
phosphate butTer (pll 7.4) containing 200 mN,l sucrose, 500 units/rnl r:atalase,
and I mM EDTA. The homogenate was centrifuged at 600 rpm tirr [0 rnin at
4"C. The supematant was collected and then centrifuged at 105,0009 fbr 45
min at 4'C. 

'lhe 
supematanl was discarded, and the pellet was resuspended in

250 prl of200 mM potassiunl phosphate buffer (pli 7.4) then stored at 80'C.
I)rotein concenlration was measured by using the Lorvry rnethod. Microsornai
rTPO was incubated, ,v i th 35 rnM guaiacol  and 300 t r rM H,O, in 100 miVI
phosphate buffer (pH 7.4) at 37"C, and the oxidation of guaiacol was rnon:-
tored speolrophotornetlically (470 nrr, 8432A; Hewlctt Packard, iralo Alto,

CA). The TPO isolalion and assay procedures were validated with.rcspeot to
iinearity ol response vs protein and thyroid tissue wcight using frr,rzen hog

thyroids and untrealed rat thyroids (not shown).

Inactivation of rTPO by genislein in vitro. Mi<;rosornat rTPO, prepared

tiom untreated anirnals (80 pg protein with a specifio activity 01'2 A^urrnin/mg
prolcin), was incubated for l2 rnin at rooln ternperature with various ooncen-
trat ions of  geniste in (10-1000 nM) in the presence of  100 nM HrO, in 0.  1 M
potassiurn phosphate buffer, pH 7.0. The reaction was initiated by addrtion of

H.Or, and at various tirnes, 100-;r.i aliquots werc assayed spectrophotometri-
cal ly  fbr  the rcn.ra in ing guaiacol  oxidat ion act iv i ty .  The guaiacol  assay con-

taincd 5 nrM guaiacol and 500 pM [JrO, in 0.1 M potassiurn phosphate buf]'er,
pH 7.0. lnactivation half'-times were determined graphically and lhen plotted

against  the reciprocal  ofgeniste in.  The inhib i tor-enzyrne dissociat ion constant
K, was detennined fi'om the negativc reciplocal ofthe intercept on the abseissa
and the lnaximal inactivation rate constanl Ä,""", was detennined from thc

ordinate.

Statistical analysis. Trvo-way analysis of variance (ANOVA) was used to

test for main effecls ofdose and sex and dose/sex interactions. Cornparisons of

each dose group against the controls within each sex were rnade using Dun-

net t 's  lest .

RESULTS

Genistein Concentratirsn in Serum and Thyroid

The serum (see Table 1) and thyroid (see Fig. 1) levels of
genistein, determined using isotope dilution LC-ES/MS, in-
creased in a dose-dependent manner (Chang el ul., 200A). The
higher blood levels of genistein observed in female rats as
opposed to males were reflected by the higher thyroid levels
observed in females (Chang el al., 2000). The serum leveis
shown represent total genistein obtained after enzymatic Ce-
oonjugation bec.ause the glucuronide conjugate is the predom-
inant form present in rat serum (-98%) and the remaiirder ls
mostly aglycone (Holder et ä1., 1999). In thyroid tissue, the
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lVIale

I'ernale

TAtsLE I
Total Serum Genistein in Adult Male and Fernale Rats Fed

Genistein-Fortified Diets

Geniste in

Sex Controi 5 ppm 100 ppm 500 ppm

relative to males (p < 0.002). This finding was cLnsistcnt
with the higher serum and thyrord levels of genistein nreasnred
in females. One-way ANOVA showed significant treatment
ef fects fbr  females (p < 0.001)  and males (p (  0.001) ,  and
Dunnett's test indicated that all groups were different from
con t ro l s  (p  <  0 .03 ) .

Additional feeding shidies were conducted to determine
whether the stage of development during genistein exposure
had an effect.on the extent of TPO inactivation. Genistein
concentrations were measured in serum and thyroid along with
TPO activity in male and female rats from dose-range-finding
studies (4,25,250, 1250 ppm genistein in the diet), in which
the F0 females (" : a) were exposed for 53 days and for F I
males and females (n : 4), in which exposure was 14 days in
utero through weaning to PND 63 (77 days total). ln all cases,
significant decreases in TPO activity and elevated concentra-

Fomale Rat ThyrDld

1.26 I aglycone
m totrl

t.00

9,75

0.50

I

5 ppm 100 ppm 500 ppm

1.50

1.e5

1.00

0.7s

0.50

0.25

0.00
control 5 ppm 100 ppm 500ppm

Dletary Genisteln

FIG" 1. Dietary consumption ofgenrstein increases intrathyroidai ooncen-

trations of genistein. The arnounts of genistein present in thyroid tiss,re, both

total and genistein aglycone, were delennined with anci wilhout enzyrnatic

hydroiysis of conjugates using LC-ES/MS. One-way ANOVA detnonstratsd a

signilicant treatment eff'ect (p < 0.05) fbr aglycone and total genistein !n

females and f<rr total genistein in rnales. Statistical significance relative 1o thc

respect ive cont lo l  ( t )  was dctermined using I )umet l 's  test  (p < 0, i i5) .

0.59 + 0.03 6.00 : 0.65
0.94  +  A.z t  7 .94  4  2 .47

Note. Total genistein (conjugates + aglycone) was measurccl using [-C-

ES/MS or MS/MS in serunr from rats terminated at PND 140 as pro,iousiy

described (Chang et al., 2000). The values shown represent (in pM) the

rneaus I SEM (n : 6). The total genistcin in serum of male and f'emale rats

f'ed the soy-free chow conlained <0.02 prM (m : I I ).

percentage of aglycone form was substantiaily increased over
that in serum (18-28% of total; see Fig. i). As previously
reported, one-way ANOVA showed a significant treatment
effect (p < 0.05) on totai thyroidal genistein in males and
f'emales and aglycone genistein in females (Chang et eil.,2000).
Dunnett's test showed significant differences between the re-
spective control values as indicated in Fig. L

Previous work described the in vitro formation of mono-,
di-, and triiodinated genistein derivatives upon incubation of
genistein with TPO, HrOr, and iodide by an alternate substrate
mechanism (Divi el al., 1997). Using the chromatographic and
mass spectrometric conditions previously reported, no iodin-
ated genistein derivatives were obsen/ed in rat serum or thyroid
using LC-ES/MS following enzyrnatic deconjugation (estimat-
ed LOD <50 nM in serum or 0.1 pmol/mg in thyroid tissue).

lnactivation of rTPO in Vivo

During the isolation of microsomal rTPO, catalase was
added to the buffers to minimize possible losses of activity
resulting from H,Or-dependent inactivation in the presence of
genistein (Divi and I)oerge, 1996). However, an additional
control experiment was conducted to demonstrate that artifac-
tual losses in TPO aclivity resulting from interactions with
intrathyroidal genistein were not occurring during the isolation
procedures. Thyroid tissue fiom untreated rats (r : 3) was
divided into two portions and to one was added genistein

aglycone at a concentration greater than those actually mea-
sured in thyroids (l pM; see Fig. l). Both portions were then
processed identically. Measurement of guaiacol oxidation ac-
tivity showed no difference between the two treatment groups
(not shown).

Figure 2 shows TPO activiry determined in thyroids from the
animals fed genistein-fortif ied feed (see Fig. I and Table i). ln
both male and fernale rats, dose-dependent decreases in rTPO
activity, to as much as B0% loss, were observed" Although
control rTPO levels were comparable for male and female rats,
two-way ANOVA showed a greater loss of activity in females

<0.02
<0.02

0.05 rt  0.006
0.10  +  0 .008
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1 .50

1 .75

1 .00

0.75

0.50

o.25

about one-third lower than those measured in the s:rum of

male and f'emale rats consuming the diet fortifi.:d with
genistein at 100 ppm (see Table 1). Additionally, the average

total daidzein content in serum was 0.25 and 0.20 pM. respec-

tively. Intrathyroidai isoflavone concentrations were riot tnea-

sured i r r  th is  s tudy.
Figure 3 also shorvs the TPO activity measnred in rats from

the diet cornparison study. For both male and female rats, a

rnean loss of more than 50% of the fPO activity was observed
and the activiir differencei betu,een the two diet groups were

statistically significant using the two-tailed / test (p < 0.001
and 0.03, respectively). 

' l 'hese 
losses in enzymatic actrvity arc

comparable to tltose obseryed for maie and female r-ats con-
suming the 100 ppm genistein feed (67 and 82% loss, respec-
tively), especially when the respective serum isoflavone con-

centrations are considered.
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5 ppm 100 ppm 500 ppm

Dletary Genisteln

FIG. 2. I)ietary consumption of genistein recluces ral TPO activity. Mi-

crosomal rTPO act iv i ty  was measured using a sensi t ive spectrophotomcir ic

guaiacol oxidation assay. One-rva1, ANOVA tlctnonstrated a sigl)ificant treat-

ment e l l 'ect  (p < 0.05) forboth males and I 'emales and stat is t ical  s igni f icance

rclat ive to the lespect ivc contro l  (*)  was detenuined using l )unnett 's  test  (p <

0.05).  Two-rvay ANOVA showed a s igni f icant  sex di f fercnce (p < 0 002).

[i-- inno I
Lry.l'"'l_J

0.s

0.0

0 .8

l l t ro r  r 'n r :  i
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L I

Oanistain Oaidzein

FIG. 3. Measurement of serunr isoffavones and TPO activity ln rats

collsuming either a standard soy-containing feed or a soy-free feed. Bottom:

Total isoflavone concentrations (conjugates * aglycones) in serunr lrerc

nreasured using LC-ES/MS as described under Materials and Methods. 1'op:

Rats were fed f iom postnatai  day (PNI))  21 through PND 190 wi th Nl l l  31

feed, whictr contained about 30 ppm each of genistein and dardzein, or fi 'om

bir th through PND 190 wi th 5K96 feed,  which contained about 0.5 pprn each.

Microsomal TPO was assayed as described under Materials and Methtrds and

in Fig.  2.
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Diet Comparison Studl,

An additional study was performod in which male and

female rats were fed either the standard soy-containing NIH 31

f'eed that contains approximately 30 ppm each of genistein and

daidzein (see Thigpen et al., 1999). or the soy-free 5K96 l-eed

that contains approximately 0.5 ppm of each isoflavone. This

"was done to determine whether the form of genistein in the diet

(i.e., either as aglycone or glucoside conjugates) could affect

the degree of TPO inactivation. Figure 3 shows the serum

levels of genistein and daidzein measured after contiuuous

feeding of the respective diet into adulthood. The average total

genistein concentration obsewed in females was 0.62 pM and

in males was 0.35 pM (Doerge et a|.,2000)" These values are

-ar-l
5 ppm 100 ppm 500 ppm

I

the thyroids were observed relatir,e to
not shou,n).
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FIG. 4. lnactivation of lat l-PO by genistein in vitro. Miarcsornal rat TPO
rvts prepared fiorn untreated animals (activity = 2 Au/rnin/rng protein) and
incubated wi th the indicated concentrat ions of  geniste in in the presence of
I l ro,  (100 nM) at  nrorr  lenrperature in 0.  1 M phosphate buf t -er ,  p l l  7.0.  Ar
var ious t imes,  a l iquots rvere rcr loved and rernain ing act tv i ty  detennined using
the guaiacol  oxidat ion assay.  The k inet ios of  inaot ivat ion were analyzed
graphical ly  ( ( r  = 50 nM. 1,""" ,  :  0.28 rn in ' ,  

not  shown).  A,  contr .o l  rTpO
aione; B,  rTPO + I l r0, ,  C,  r l - l )O + 1000 nM geniste in;  D,  ITPO I  H:O: f
l0 nNl  geniste in;  E,  rTPO + l1roz + 50 nlv l  geniste in;  F,  rTPO + lJrO, + 100
nM geniste in;  G, rTPO + l { ,O, + 1000 nM geniste in.

Inectivcttion oJ Mammctliuil Peroxidases in Virro

Itat microsomal TPO was prepared from untreated anrmals
and genistein-mediated inactivation was measured in t, itro.
Figure 4 shows the time-dependent loss of rTPO activity in the
presence of genistein concentrations comparable to those ac-
tualiy observed in thyroid tissues (see Fig. 2). The control
experiments shown demonstrate that neither HrO, nor
genistein had an effect on enzymatic activify, which is consis-
tent with the suicide mechanism proposed previously (Dwr et
al., 1997). Not shorvn is the kinetic analysis for inactivation of
rTPO by genistein from which were determined the apparent
inhibit ion constant K, and the maximal inactivation rate con-
stant k,,,,.r, of 50 nM and 0.28 rnin ', respectively. Daidzein
sirnilarly inactivated rTPO (not shown) with the correspontling
kinet ic  constants of  143 nM and 0.31 min ' .  These k inet ic
parameters were of the same ol'der as those calculated for
bLPO (not shown).

The sensitivity of microsomal rTPO to inactivation by
genistein was cotnpared with several related purified soluble
mammaiian peroxidases under similar conditions. lncubati<ln
of purified bLPO, pTPO, hTPO, and microsomal rTPO wirh
genistein (10 pM) and H2O2 (100 g,M) for 5 min produced
act iv i ty  losses of  53 *  3,  40 - r  5.62 x 3,  and 56 + '79/o,

respectively (means -r SD). This shrdy shows that the inacti-
vation of microsomal rTPO was comparable to that produced
bv genistein with other peroxidases. including hTPO.

DISCUSSION

TPO Inactivation by Geni.ctein in Vitro

Previous results shou,ed that genistein and daidzr.,n were
suicide substrates for bLPO and pTPO in vitro. lhr- results
presentecl here extend these findings to rTPO by shou:ng that
it is similarly susceptibie to suicide inactivation by lo .,, doses
of isoflavones in tt itt 'o (see above and Fig. 4). Furthermore, a
comrnercial preparation of.hTPO was similarly inactivated by
genistein (see above)" These findings in vitro suggest that
isoflavone-rnediated inactivation of TPO is a general phenom-
enon aür 'oss mamtnal ian species.

Int rathy ro idctl G en is te in Concentrat ion

The genistein concentration in rat thyroid increased as a
ftinction of dietary consumption in a statisticaily significant
and dose-dependent manner (see Fig. 1). Both conjugated and
aglycone forms were present in the thyroid, although the pro-
portion of aglycone in the thyroid was eievated relative to that
in blood" This suggests that the nonpolar aglycone forrn,
present at low concentrations in blood, paftitions pret-erentially
into lipophilic tissues such as thyroid. A previous sfudy fiom
this laboratory showed that this occurred in other endocrine-
responsive tissues to an even greater extent (Chanp et ol.,
2000). Using previously published estimates fbr the r:r0ueous
content of thyroid fbll icular celts (60%) (Chow and Wcodirury,
1965) it was possible to estimate intracellular concentrarions o1'
total genistein at up to 1920 nM and up ro 350 nM for rh:
agiycone. These concentrations of genistein aglycone a;: oi 'the
same order as those shown to inactivate rTPO in vll,o (10-
1000 nM; see Fig. 4). We previously showed that bott conju-
gated and aglycone forms of genistein inhibit TPO, a thougli
the aglycone was about 20-fold more potent at blockilg the
TPO-catalyzed coupling reaction (Divi et al., 1997) In the
present study it was demonstrated that genistein, the gl"rcoside
conjugate of genistein, also inactivated LPO, although it was
about i00-fbld less potent (not shown). This result suggesrs
that intrathyroidal genistein glucuronides can contribute to the
obserued TPO jnactivation, especially in the highesr dose
groups.

Although all possible blood was removed from each rar by
cardiac puncture after anesthetization, the eftbct of residual
blood in the thyroid was considered as a possible contributor to
the rneasured genistein content and dismissed for the following
reasons. The distribution of genistein between unconjugated
and conjugated forms in the thyroid was different from that in
blood; 18 28% aglycone in the thyroid (Chang et a1.,2000) vs
20Ä aglycone in serum of adult male and female rats (Holder el
al., 1999)" All t issues examined (brain, l iver, mammary, ovary,
prostate, testes, utelus) showed a similar trend with even larger
proporlions of aglycone. Additionally, a large sex difference in
liver content of total and aglycone genistein was ob,served

1 0

I



;hang et al., 2000).It is deemed unlikely thar a sex,based
Jifference in blood retention in the highly perfused liver is
possible, especially in l ight of the similar relative l iver weights
and the lack of changes from genistein ingestion that were
observed.

Inactivation oJ 7-PO by Genistein in Vivo
'lhe 

consumption of dietary genistein by male and fernale

. rals also led to substantial losses in TPO activify measured in
nricrosomes prepared from isoiated giands (see Fig. 2). In the
highest dose group, 75 80% of control TI)O activity was lost,
and the effect was greater in females, presumably because of
the higher serum and intrathyroidal concentrations (see Fig. I
and'lable l). The results of the control experiment described
tuttder Results gave confidence that the rneasured TPO activi-
ties were accurate indications of those preserrt in vivo. There-
fore, given that the concentrations of genistein measured in rat
thyroids were sufficient for inactivation of rTPA in vin"o, it is
reasonable to conclnde that the reductions observed in TPO
activity were the resuit of euzynle inactivation in vivo.

ln a previous study, TPO inhibition by isoflavones in vitro
rvas described and conditions were identif ied under which
suicide inactivation or alternate substrate iniribition occurred
(Divi el al., 1997). The presence of iodide, at concentrarions
expected in the normal thyroid gland.' attenuated the inactiva-
tron pathway in vitro. ln the present study, no evidence was
obtained from LC-ES/MS analysis of semm or thyroids to
indicate formation of any oi'the iodinated genistein species
previously characterized (Divi et ul., 1997). This finding. cou-
pled with the observation of extensive TPO inactivation, sug-
gests that the inactivation by isoflavones is favored in the rat
thyroid gland over cornpetitive substrate rodination.

These findings, obtained liom a diet fortif ied u'ith genistein
aglycone, were confirmed jn a diet cornparison sfudy rvhere
rats were fed either a standard soy-containing feed (NtH 31) or
a special soy-depleted feed (5K96), which contained approxi-
mately 60 or I ppm total isoflavones, respectively. Soy con-
tains isoflavones as glucoside conjugates (Barnes et ol., 1994),
so this study ad<lressed the issue of whether biological effects
can be altered by the fonri of isoflavone administered. Reduc-
tions in TPO activiry were observed in the rats consuming the
standard soy diet. and the magnitude of reduction was collt-
l"nensurate with the measured blood levels of isoflavones (see
Fig. 3). This observation shows that the form of genistein
present in the diet, either aglycone or glucoside conjugates,
does not afTect the total serum isoflavone concentrations
reached at termination or the dose-dependent leduction in TPO
content. A previous sfudy concluded that administration of

'The 
concentration offree iodide is reported to be lorv, anri using estirnates

for lhe percentage iodide (0.25%) (Taurog, 1996) and rhe fotal iodine content
(Abrams and Larsen.  I  973),  the concentrat ion in ra l  thyroid t issue rs esl i rnatcd
to be l7 pmol/nrg glanci  (approximately 28 ptM).

INACTIVATION OF I{AT TPO t ] \ '  CENISTT.] IN 249

genistein, either as the aglycone or the mixture of glucoside
coryugates present ln soy, had a rninimal effect on total ab_
sorption, although small differences were observed in rhe pelk
concentrations (King et al., 1996). Thigpen el a/. (i9!9) h.ave
shown that the isoflavone confent of typioal rodent ,, iets can
vary from less thau 5 ppm up to about 500 ppm. l 'hese indings
suggest the possibil i ty for additive effecrs on TpO activiiy
between soy in the cliet and exogenous chemicals beii; testerl
for carcinogenicity or other toxicit ies.

T'he trvo preceding studies were performed by l-eer lng rats
the respective diets from gestation through weaning until ter-
mination as an adult. Additional sfudies were perfbrmed to
understand the effect of timing of genistein exposure on the
inactivation of TPO. In dose-range-finding studies, exposure to
genistein aglycone in the diet of 63-77 days duration produced
dose-dependent decreases in 

'IPO 
activity, regardless of

whether it was administered only in adulthood (F0 fernales) or
frorn gestation Day 5 through weaning and adulthood (Fi
males and fernales). This suggests that the developmental
timing of genistein exposure does not affect the extent of TPO
activity loss measured in adulthood.

This stLrdy with genistein appears to be the first in rvhich
chemically induced loss of TPO activify has been demonstrated
bolh in vitro and in vivo. The mechanism for inhibition of
TPO-catalyzed reactions by the antihyperthyroid drugs propy-
Ithiourea (PTU) and methimazole (MMl) has been sfLrdied
previously" Shiroozu et al. (1983) showed that injection of
PTU or MMI into Sprague-Dawley rars produced no i:hanges
in total TPO activity tbllowing either a single- or rnii l t iple-
injection regimen. This observation rvas paradoxical, consid-
ering the fact that FTU and MMI are potent inactivarors tf
porcine TPO in vitro. A reevaluation of this phenomenr.rn led to
the conclusion that the inhibit ion of intrathyroidal icri inaiion
produced by PTU in vivo could be accounted fbr solei by the
persistence of unmetabolized PTU in the thyroid and ;ompe-
tit ion fbr oxidized TPO catalytic species (i.e., con .etit ive

substrate activity; see Taurog and Dorris, 1989). The lack o{'
persistert effects on iodination in vivu by MMi were at . ibuted
to its rapid ciearance from the gland. These findings, c;oupled
with the present study of isoflavones, emphasize the iack <lf
coreiation between in vitro suicide inactivation of pTPO and
in vivtt inactivalion of TPO in rats.

A bsent:e of Ll.y,pothyro id lndicatars

Given the substantial reduction of TPO activity in rars con-
surning genistein-fortif ied and standard soy-containing diets,
decreased levels of T3/T4 and higher levels of TSH were
predicted" However, analysis of sera from all rats in both these
studies showecl no signiflcant differences in the levels of these
hormones relative to untreated rats (data not shown). Further-
more, gland weights and histopathological examination of thy-
roid sections showed no differönces between untreated and 500
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/m genistein-dose rats treated identically in a parallel snrdy

,Dr. John Latendresse, personal conrmunication). A recent
study shou'ed only minor irregularitres of the thyroid foll icles
ibllowing administration of a 20oÄ soy diet to rats (Ikeda et ul.,
2000). These findings were quite paradoxical in l ight of the
dramatic effects on TPO activity.

'I'hyroid 
hormone synthesis requires that TPO activity be

colocated with its sr-rbstrates thyroglobulin, iodide, and H20,
(Taurog, 1996). which is prodrrced by the NADPH oxidase
(Dupuy et al., 1t)91). T'he best evidence suggests that this
occurs at the interface between the apical membrane of the
foll icular cell, which contains TPO and the NADPFI oxidase
(Capen, 1996), and the lumen in which iodide is accumulated
by a sodiurn iodide symporter present in the basolateral mem-
brane (Castro et ul., 1999) and into which thyroglobulin is
secreted (Capen, 1996). However, histochemrcal studies have
shown that l-PO can be more widely distributed in the cell
(Tice and Wollman, 1972). This leave s open the possibil i ty that
an additional pool of TPO could be sequestered, such that
contact with isoflavones and HrOr, but not iodide, is possible.
One possible explanation is the vesicles. shown by histochern-
ical analysis to contain TPO (Capen, 1996); however, it is nor
clear how isoflavones and HrOr, but not iodide. would have
access to this pool of TPO. Another possible expianation for
the paradoxicai findings is that there is a large excess of TFO
present in the apical membrane, such that even substantial
losses have a miniural effect on hormone homeostasis. An
observation that is inconsistent with this idea is the coordinated
stirnulation of TPO gene expression along with that for sodium
iodide symporter and thyroglobulin in response to TSH stim-
ulation of thyroid follicular cells (Rapoport and Spaulding,
1996).

E//et:t of lodine Deficiency on Soy-lnducecl Ilvpothyroid
E/Jects

In all studies described here. the rats received normal
amounts of iodide in the diet. Previous reports have shown that
the additional fäctor of iodine deficiency is crucial in the
genesis of adverse eff-ects of soy in the thyroid gland. Kay et al.
(1988) showed that normal iodide intake could prevent goiter
in rats consuming a soy bean diet. Kimura et al. (1916) showed
that only rats or an iodine-deficient diet containing defatted
soybeans developed goiter that rapidiy progressed to metastatic
carcinoma. Block e/ al" (1961\ showed that iodide could re-
\1erse soybean-induced goiter in rats. A recent shrdy showed
that consumption fbr l0 weeks by f'ernale rats of a diet con-
tairring 20oÄ soy had synergistic effects on antithyroid eff"ects
cansed by iodine deficiency (lkeda et al., 2000). Based on
goiter formation, hormone rneasurements (e.g., T3, T4, l-Sti),
and microscopic analysis, these authors concluded that direct
effects of soy on the pifuitary gland. in acidition to thyroid-
specific actions, were the likely mechanism. Citing only un-

published results, these authors also stated that high isofla-
vone-containing diet did not exacerbate the goitrogenic ef'fects
of iodine deficiency. Taken together, the observaticls froni
these stLrdies suggest that, under abnormal conditions like
iodine deficieltcy, nonnal homeostatic mechanisms in the rat
were overrvhelmed and that loss of TPO activity that occurred
upon exposLrre to soy isoflavones could be involved in the
goitrogenrc responses.

Extrapol ation io Ituman Pöpulations

Based on the concentrations of total genistein present in
serum (see'fable 1), rats fed the control and low-dose (5 ppm)
diets are sinti lar to human adults consuming a typical Western
diet (<0.1 pM). Rats f 'ed the 100 ppm genistein diet are similar
lo hurnan adults consurning a rypical Asian diet (0.1-1.2 pM)
(Adlercrerrtz et al., 1994) or soy nutrit ional supplements (0.5
0.9 pM) (Doerge et u|.,2000b). Rats fed the 500 ppm genistein
diet are similar to infants on soy formuias (2 I p"M) (Setchell
el al., 1997). These comparisons of blood levels make it
reasonable to assume that human consnmption of soli isofla-
vones under the aforementioned conditions could result in
isoflavone transfer into the thyroid gland (see Fig. l ) and
inactivation of hTPO.

These str,rdies suggest that, especially in the presence of
additional risk factors fbr thyroid dysfunction, the acided ef-
fects of long-term soy consumption could be sufhirient to
induce antithyroid effects in humans and animals. 

'fhcse 
fac-

tors include biochemical impairment of hormone synthr,sis and
metabolism, dietary iodine deficiency, and exposure Lo envi-
ronmental goitrogens (e.g., sulfonamides, glucosinola;es, f la-
vonoids, and persistent halogenated aromatic compoullds).

"l'his potential antithyroid effect of soy isoflavones may be
particularly relevant to elderly women, the population sub-
group in which overt hypothyrodisrn and a subclinical hypo-
thyroid state (Woeber, 1997) are most l ikely to occur (rates up
to 4 and 10%, respectively) (Vanderpump and Tunbridge,
1996; Cataris et al., 2000)" Soy products are crlrrently mar-
keted in the United States for relief flom the symptoms of
menopallse, despite the absence of clinical data demonstlating
any hormonal effects beyond the placebo (Duncan et ttl..
1999b)- This comection suggests that elderiy w,onlen should
be cognizant of and monitored for possible thyroid complica-
tions arising from consumption of such products. This is es-
pecially imporlant given the potential for self-administration in
large doses of soy nutritional supplements, which are essetl-
tially unregulated products.
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Gutachten über das Nahrungsergänzungsmittel NADH

N icoti nsäu ream id-Aden in -Di n u kleotid (abgekürzt NAD) ist ein Hyd rid ionen
(Zwei-Elektronen/Ein-Proton) ubertragendes Koenzym, da5 an zah lreichen
Redoxreaktionen des Stoffwechsels der Zelle beteiligt ist. Das H in der
Formel NADH kennzeichnet den Wasserstoff, der in geordneter Form an
Sauerstoff in einer kaskadenförmigen Reaktion bindet, wodurch in der Zelle
ATP, die energetische Grundwährung der Zelle entsteht. Dieses Koenzym
ist an mehr als tausend Stoffwechselreaktionen beteil igt, weshalb es auch
Coenzym 1 bezeichnet wird (1)

Jede Zelle ist in der Lage, sich NADH selbst herzustellen, allerdings sinkt
diese Fähigkeit mit zunehmendem Alter (2), was für altersassoziierten
Problemen in Zusammenhang gebracht wird (3). NAD wird in
unterschiedlichem Ausmaß auch mit der Nahrung zugeführt, weshalb es
seit Jahrzehnten Bemühungen gab, ein NADH angereichertes
Nahrungsergänzungsmittel auf den Markt zu bringen.

Dem FemmeWell zugrunde liegendeZubereitungsverfahren des NADH als
Nah rungsergänzungsmittel wurden 1 995 internationale Patente erleilt.

1. Wirksamkeit

Stabilität und Resorption des Wirkstoffes sind Grundvoraussetzungen der
zu erwartenden Wirksamkeit und wurden durch den Zusatz von Mannit und
Natrium - Hydrogencarbonat in einer definierten Konzentration, wodurch
NADH für mehr als 2 Jahre stabil gemacht werden konnte, erreicht. Für
diese spezielle Formulierung von NADH mit Mannit und Backpulver,
wurde ebenfalls eine Reihe von internationalen Patenten erteilt.(4, 5).

Ursprünglich war man der Meinung, dass NADH als treibende
Kraft der ATP-Produktion nur in der Zelle gebildet werden kann"
An der Universität Graz konnte jedoch gezeigt werden, dass
NADH, wenn es von außen Zellen zugesetzt wird, die ATPKonzentration
in den Zellen erhöht. (5a.) '



In einer an der Freien Universität Berlin durchgeführten Untersuchung
wurde nachgewiesen, dass oral eingenommenes NADH die
Darmschleimhaut mittels passiver Diffusion penetriert und auf diese Weise
in die Blutzirkulation gelangt.(6).

Weitere Arbeite zur Pharmakokinetik von NADH in vivo
haben fruhere Absorptionsexperimente bestätigt. NADH wird vom Darm
resorbiert (7)"

NADH kann auch die Blut-Hirnschranke passieren:
Die Bioverfugbarkeit von NADH nach sublingualer Verabreichung
wurde unter Anwendung der laserinduzierten
Fluoreszenzspektroskopie von NADH dokumentiert.
Legt man im Tierversuch eine NADH Tablette unter die Zunge, kommt es
innerhalb von 15 Minuten zu einem signifikanten Anstieg der NADH -
Fluoreszenz in der Hirnrinde (8).

Pathophysiologische Erklärung der Wirkung von NADH:

L-DOPA ist ein Neurotransmitter der im Laufe des Lebens geringer wird
und im schwersten Fall zum M. Parkionson führt. Die endoEene Synthese
von L-DOPA wird durch die Tyrosin Hydroxylase vorgenommen, dessen
Cofaktor das Tetra-Hydro-Biopterin ist. Zur Bildung von Tetra-Hydro-
Biopterin benötigt die Zelle NADH, das damit die Aktivität der Tyrosin -
Hydroxylase anregt, In Kulturen von Nervenzellen steigert NADH die
Produktion von Dopamin bis auf das 6-fache (9)"



v Kl i nische Beobachtu ngen :

ln der Zeit von 1990 bis 1992 wurden 205 Patienten mit depressiver
Verstimmung und Leistungsabfall in Form einer offenen Studie mit NADH
behandelt, Sie erhielten NADH entweder als intravenöse oder als
intramuskuläre lnjektion oder in Form von NADH-Tabletten, Die Dosis war
10 mg NADH pro Tag. Die Dauer der Therapie betrug 6 Monate. Bei 93 %
der Patienten kam es zu einer Verbesserung ihrer Beschwerden um bis zu
44 % nach der für diese Studie verwendeten validierten Beurteilungsskala.
Nebenwirkungen wurden von keinem der Patienten angegeben. (10)

In einer weiteren, in den USA durchgeführten und genehmigten
Doppelblind Placebo kontroll ierte Cross-over Studie, wurde an der
Georgetown Universität in Washington die Wirksamkeit von NADI-{ beim
chronic fatigue Syndrom (CSF) überpruft.
Die Patienten erhielten 2 Tabletten Smg NADH (total 10 mg) pro Tag
für 4 Wochen, danach war eine gleich lange Auswaschperiode, in der beide
Gruppen keine Tabletten erhielten. Nach diesen 4 Wochen erhielt die
NADHGruppe nun Placebo Tabletten und die andere Gruppe NADH.
31 % der CFS Patienten zeigten nach 4 Wochen ein Verbesserung ihrer
Symptome. Nach 6 Monaten NADH-Einnahme (10 mg NADH pro Tag)
fühlten sich 82 o/" der Patienten wesentlich besser und hatten mehr
Energie. Die Ergebnisse dieser Studie wurden von der
Georgetown Universität veröffentlicht.(1 1 )

ln einer sportmedizinischen, äffi Institut für Sportmedizin der Universität
Freibu rg durchgeführten doppel geblindeten, placebokontroll ierten Cross
over Studie wurde GCP-konform der Einfluß von NADH of objektive
Respirationsparameter evaluiert. Eine Gruppe von Sportlern erhielt 3
Tabletten NADH, also insgesamt 30 mg NADH pro Tag Iür 4 Wochen.
Danach war eine 6-wöchige Pause, ,,eine Auswaschphase", in der kein
NADH eingenommen wrrrde. Anschließend wurden der 1. Gruppe tür 4
wochen 3 Placebo Tabletten pro Tag verordnet. Die 2. Gruppe, die in den
ersten 4 Wochen Placebo Tabletten einnahrn, bekam nach der
Auswaschphase 3 Tabletten NADH pro Tag ebenfalls für 4 Wochen.
Untersucht wurden folgende Parameter:
die maximale aerobe Kapazität (Spiroergometrie)
Sauerstoff Aufnahme
Kohledioxyd-Abgabe ,



Laktat-Spiegel im Blut
Katecholamine im Plasma.

Diese Tests wurden jeweils am Beginn und am Ende der
lnterventionsphase also insgesamt 4 Mal, am Beginn und Ende der
l.Phase und am Beginn und Ende der 2. Phase, durchgeführt.
Unter Einnahme von 30 mg NADH lTag zeigten sich eine Reduzierung
des 02 - Verbrauches und eine Erhöhung des respiratorischen Quotienten
bei definierter Arbeit (12)"

Am Forschungsinstitut der Universität Jyvaskyla in Finnland wurde von
Professor Komi die Wirksamkeit des NADH ebenfalls an Sportlern
uberprüft. Die Ergebnisse bestätigten die vorhin erhobenen Befunde. Unter
NADH war der Laktat-Spiegel im Blut nach einem Lauftest unter anaeroben
Bedingungen deutlich niedriger als nach Einnahme von Placebo. Auch die
Sprungkraft war unter NADH besser und die Reaktionszeit nach einem
Lichtsignal unter NADH signifikant kürzer als unter Placebo (13)

Der Cog Screen ist eine validierte Methode, die auch von der Vereinigung
der amerikanischen Airl ine Piloten (American Assoziation of Airl ine Pilotes )
und von der NASA zur Überprüfung der kognitiven Fähigkeiten von Piloten
und Astronauten eingesetzt wird. In einer prospektiven Untersuchung
wurde der Einfluß des NADH auf Vigilanz and Müdigkeit bei Passagieren,
die Zeitzonen überfliegen, untersucht. Wie erwartet, führte Jet lag zu einer
erhöhten Schläfrigkeit und zu einer Verschlechterung bestimmter
Hirnleistungen. Die häufigsten Fehler wurden bei der Aufmerksamkeit, beim
Gedächtnis und der Geschwindigkeit der visuellen Erfassung von
bestimmten Signalen gemacht.
Die NADH-Probanden zeigten hingegen in den Hirnleistungstests und im
Schläfrigkeitsgrad signifikant bessere Werte als die Probanden, die Placebo
erhiel ten.(14, 15)



2" Sicherheit von NADH

Als VoraussetzunE zur Durchführung von klinischen Prüfungen verlangten
die Amerikan ische Gesundheitsbehörde eine umfassende
wissenschaftl iche Dokumentation über die Chemie,'Pharmakologie und
Toxikologie des zu prüfenden Produktes und des darin enthaltenen
Wirkstoffes. Dabei wird der Sicherheit des Wirkstoffes
besondere Bedeutung beigemessen.
Aus diesem Grund wurden für das Nahrungsergänzungsmittel und die darin
enthaltene Wirksubstanz die behördlich vorgeschriebenen Untersuchungen
uber die akute, subakute und chronische Toxizität veranlasst und von einer
unabhängigen, international Firma in Großbritannien durchgeführt.

Die maximal tolerierbare akute Dosis von NADH:

Zur Bestimmung der maximal tolerierbaren Dosis,( MTD) von NADH
wurden Ratten steigende Dosen injiziert und evaluiert, ab welcher
NADH - Konzentration die Tiere starke Veränderungen in ihrer
Befindlichkeit zeigten.

Als maximal tolerierbare intravenöse Dosis von NADH wurden
500 mg pro Kilogramm Körpergewicht gefunden. Rechnet man diesen
Wert für einen 70 kg schweren Menschen um, so ergibt sich eine Menge
von 35.000 mg oder 35 Gramm NADH. Das entspricht in etwa dem
Volumen von 5 Esslöffeln NADH, die man ohne Beschwerden einnehmen
könnte. Die Ergebnisse dieser Untersuchungen ist publiziert (16)

Die Ermittlung der subakuten Toxizität von NADH wurde, wie von der FDA
und den Europäischen Zulassungsbehörden gefordert, an Hunden
vorgenommen. Dabei verabreichte man wieder NADH in steigenden
Konzentrationen bis zu der vorher ermittelten maximal tolerierbaren Dosis
in Form von Tabletten. 14 Tage nach Verabreichung wurden die Organe
aller Tiere auf pathologische Veränderungen untersucht. Es konnten weder
bei den männlichen noch bei den weiblichen Tieren Organ- oder
Gewebeschäden festgestellt werden. ,



Langzeitanwendung von höheren Dosen von NADH:
Zusätzlich zur Bestimmung der maximal tolerierbaren Dosis verlangten die
Gesundheitsbehörden auch die Prüfung möglicher Nebenwirkungen eines
Oral zugefuh rten Wirkstoffes unter Langzeitbeobachtungüber mindestens 6
Monate , wobei der Wirkstoff täglich apliziert werden musste ( Nachweis der
ch ron ischen Toxizität).
Nachdem dieErgebnisse der subakuten Toxizität ausgewertet waren, führte
das gleiche Institut in Großbritannien auch Studien zur chronischen
Toxizität durch" Dazu wurde Ratten 26 Wochen lang je eine Tablette mit 5
mg NADH pro Tag verabreicht. Einer gleichen Zahl von Ratten wurde je
eine Placebo - Tablette pro Tag verfüttert. 6 Monate nach Einnahme von
täglich 5 mg NADH sind alle Organe der beiden Tiergruppen
makroskopisch und mikroskopisch auf mögliche Veränderungen untersucht
worden und zeigten weder makroskopische noch mikroskopische
Veränderungen. Sie unterschieden sich auch nicht von den Organen der
Tiere, die Placebo verabreicht bekamen.(17) Rechnet man die NADH -
Menge von 5 mg für eine Ratte mit 330 Gramm Körpergewicht auf die
äquivalente NADH - Dosis für einen Menschen mit ca.70 kg Körpergewicht
um, ergibt sich ein Wert von 1050 mg . Dividiert man dieseZahl durch den
NADH - Gehalt von Smg, erhält man die Anzahl der NADH -Tabletten, die
ein Mensch pro Tag fur 26 Wochen einnehmen kann, ohne dabei Schaden
zu nehmen. Dies ergibt einen Wert von 210 Tabletten. Man könnte
demnach 210 Tabletten mit Smg NADH oder 140 Tabletten mit 7.5 mg
NADH oder 105 Tabletten mit 10 mg NADH ein halbes Jahr täglich
einnehmen ohne Organschäden zu er leiden (18).

Bisher sind mit NADH an folgenden Universitäten
Studien mit Menschen nach GCP (Good Clinical Practise) - Richtl inien
durchgeführt worden,
Georgetown Universität in Washington,
Cornell Universität in New York
Lennox Hil l Hospital (NISMAT Institute) in New York Neurologische Klinik
der Universität Zagreb
Institut für Sportmedizin der Universität Freiburg
Birkmayer Institut für Parkinson Therapie, Wien
1st Military University, Guangzhou Hospital, China.
lnstitut fur Medizinische Chemie der Universität Graz
lnstitut fur Physiologie der Universität Graz
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NADH supplementation decreases pinacidil-primed IK(Arr; in
ventricular cardiomyocytes by increasing intracellular ATP
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I The aim of this study was to investigate the effect of nicotinamide-adenine dinucleotide (NADH)
supplementation on the metabolic condit ion of isolated guinea-pig ventr icular cardiornyocytes. The
pinacidil-primed AT'P-dependent potassium current ,111a.1p1 wäS used as an indicator of subsarco-
lemmal ATP concentrat ion and inlracel lular adenine nucleotide contents were measured.
2 Membrane currents were studied using the patch-clamp technique in the whole-cel l  recording
mode at 36 37'C^ Adenine nucleotides were determined by HPLC.
3 Under physiological condit ions (4.3 mM ATP in the pipette solut ion, ATPi) /K(Arp) did not
contribute to basal electlical activity.
4 The ATP-dependent potassium (Krot") channel opener pinacidi l  act ivated /61a1.py dependent on
[ATP]; showing a signif icantly more pronounced activation at lorver ( l  rntr l)  [ATP];.
5 Supplementation of cardiomyocytes with 3001rgml '  NADH (4-6h) resulted in a signif icantly
reduced /s,a1p; act ivat ion by pinacidi l  compared to control cel ls. The current density was 13.8*3.78
(n :6)  uersus  28 .9+3.38pA pF- '  (n :  l9 ;  P<0.05) .
6 Equimolar amounts oi the re lated compounds nicotinamide and NAD * did not achieve a similar
efl-ect like NADFI.
7 Measurement ol adenine nucleotides by HPLC revealed a signi l icant increase in intracel lular ATP
NADH supplementation: 45.6* 1.88 nmol rng-r protein uerr ius control 35.4+2.51 nmol mg I

protein, P<0.000005).
8 These data show that supplementation of guinea-pig ventr icular cardiomyocytes with NADH
results in a decreased activation of 1*,otpi by pinacidil cornpared to control myocytes, indicating a
higher subsarcolemmal ATP concentrat ion"
9 Analysis of intracel lular adenine nucleotides by FIPLC conl ' i rmed the signif icant increase in ATP.
British Journal of' Fhurrnacology (2003) 139,'149 -'/54. doi:I0.1038/sj.trjp.0705300
NADH; A-fP-dependent potassium current; 1x(arpri  pinacidi l ;  patch clamp; whole-cel l  clamp; intracel lular ATP:
guinea-pi g ventricular myocytes

(1rro,.r,r),  ATP-dependent potassium current

Introduction

The reduced nicotinarnide-adenine dinucleotide (NADF{)
plays a central role for the energetic state of a cell. NADI{
carries electrons delived from catabolic reaclions to their entry
into the respiratory chain leading to the synthesis of ATP. This
electron transfer results in the formation of NAD*" The sum
of NADH and NAD' is thought to be rather constant in a
cel l :  thus the NADH/NAD* rat io is a crucial lactor for i ts
energetic state. Therefore, it is conceivable that oral applica-
t ion of NADH might posit ively affect the cel lular energetic
condit ion of humans.

Moreover, NADH serves as a cofactor for various enzyme
reactions, Iurther emphasizing the crucial role of NADH for
numerous cell functions. Recent clinical studies have already
demonstrated a posit ive elfect of NADH treatment on patients

sr,rflbring frorn Morbus Farkinson, chronic fatigue syndrorne
and depression (Birkrnayer & Birkrnayer, 1991; Birkn.rayer
et al., 1993; Kuhn e/ al., 1996; Forsyth et al., 1999). Ir,
addit ion, changes in NADFI levels seem to correspond with
st irnulat ion and inhibit ion of neuronal metabolism, respec-
tively (Rex et al.. 1999). NADH has also been identified as
sensor of blood f low requirement in brain, muscle and other
t issues (Ido et n|. ,2001).

To test whether extracel lular appl icat ion of NADH affects
the energetic state of a cel l ,  we studied NADH-incubated
cardiac ventr icular myocytes by electrophysiological techni-
q Lles.

The electrophysiological properties of a cardiomyocyte are
strongly af l 'ected by i ts energetic condit ion. Especial ly, the
ATP-dependent potassium current (1rto.r.pr) is known to link
bioenergetic metabolism with mehbrane excitabi l i ty by sen-
sins intracel lular concentrat ions of ATP and ADP. Under*Autlror for correspondence; E-mail: bernd.koidl@;uni-graz.at
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physiological condit ions, Kln'py channels are predominantly
closed because of inhibit ion by intracel lular ATP (A1'Pi)
(Noma, 1983; I- leidbüchel et al. ,  1990: Schalfer et al. ,  1999).
However, when the ATP; concentrat ion fal ls belorv certain
values ( l ike in pathological states such as acute rnyocardial
ischemia), the K,a1p, channels open. Certain drugs known as
potassium channel openers (PCOs) are able to shif t  the ATP
sensit ivi ty of Klerny channels result ing in channel openrng even
at physiological levels of ATPi (Arena & Kass, 1989;
Nakayama et al. ,  1990: Tseng & Hoffrnan, 1990, Pelzmann
et a|. ,2001). Thus, the amount of 161a1p1 activation induced by
these drugs serves as an indicator of the cel lular ATP content
(Sasaki et u\. .2001\.

Studying the PCO-primed /K(Arp), we report that supple-
mentation of cardiomyocytes with NADH but not with the
related cornpounds nicotinamide and NAD" results in a
decrease of .fs161-py activation by pinacidil. The NADH-
induced decrease of IK(A.r.p) activalion fits to the increase of
intracel lular ATP content measured by HPLC.

Methods

Myor:yte isolulion

Guinea-pig ventr icular myocyles were isolated by Langendorff
perfusion using collagcnase as described previously (Piper
et al. ,1982). The isolated myocytes rvcre stored in Mediurn 199
(M2154, Sigma, St Louis, MO, U.S.A.), supplemented with
5pgrn l  '  pen ic i l l i n ,  5 tUml  '  s t rep tomyc in ,  0 .5% g lu tamine
and 50Ä fetal calfscrum and were kept in an incubator at37"C.
Experiments were performed within 24h after isolat ion.

Incubution pracedttre

The isolated myocytes were incubated with NADH (p-
nicotinamide adenine dinucleotidc, reduced fbrm, disodium
salt) and the related compounds nicotinamide and NAD* (ft
nicotinamide adenine dinucleotide, oxidized form) in equimo-
lar amounts 4 6 h before electrophysiological parameters and
ATP content were evaluated.

Eleclrophysia;slogical recordings Ltnd data analysis

Membrane currents were recorded using the whole-cel l  single-
electrode voltage-clamp configuration of the patch-clamp
technique (Hamil l  et al. ,  1981) using a l- ist L/M-EPC 7
ampli l ier ( l- ist,  Darrnstadt, Germany) as previously described
(Pelzmann et ul.. 2001). Myocytes were placed in an experi-
mental chamber rnounted on the stage of an inverted
microscope (Axioverl, Zeiss, Oberkochen, Gerrnany) and were
superfused with standard extracellular solution (cornposition
in  mM:  NaCl  137,  KCI  5 .4 ,  CaClz  1 .8 ,  MgCl2  l . l ,  NaHCO3
2.2, NaH2PO" 0.4, HEFES/Na- 10, n( + )-glucose 5.6,
adjusted to a pH of 7.4 with NaOH) at 36 - 37"C with a f low
rate of about 1.5n.r l  min ' .  When f i l led with standard internal
solut ion (composit ion in mM: KCI 110. ATP/K* 4"3,MgCl2
2,CaClz  1 ,  EGTA l l ,  HEPES/K*  10 ,  ad jus ted  to  a  pH o f  7 .4
with KOH) and placed into standard external solut ion, patch-
pipette t ip resistances were I 3 MQ. Oniy quiescent rod-
shaped cel ls with clear cross str iat ion were used for voltage-
clamp experiments. Cell  rrcmbrane capacitance (C*) was

determined by integration of the capacit ive transient el ici ted by
a l0rnV hyperpolarizing pulse from 50mV. C,,,  (up to
l00pF') and series resistance (R,, by at least 50%) were
compensated. Voltage-clamp pulses were generated with a
personal corrputer connected to a D/A and A/D converter
(Digidata 1200, Axon Instruments, Foster.City, U.S.A.). Data
acquisit ion and analyses were perforrned using pCLAMP 5.7.1
software (Axon Instruments). In order to al low equil ibrat ion
of the pipette solut ion with thc cytosol, current recordings
were started 5min after rupture of the mernbrane patch"

Two experiniental protocols were used. Modulat ion of '
I*rotol by drugs was evaluated as the change of outward
current density (current ampli tudes divided by C,,,  (pA pF r) in
order t t l  compensate for variat ions in cel l  size) a1 +30mV in
response to a 2s ramp from 100 to +60rnV (d,,,o). Tinre
course of 1*,o-,. , , ,  act ivatron and blockade was st udicd b1,
recording the holcl ing current at -40mV (/norut oo-ur).

Delermination oJ ndenine nucleotides

The analyt ical method to dctermine adenine nucleoticles has
been reported previously (Hallströrn et al., 2002). Alterations
ol ' this rnethod arc in brief:  separation was performed on a
l - l ypers i l  OI )S  co lumn (5pm,  250mmx4mm ID)  us ing  a
Waters'" 717 plus Autosampler (Waters, Mil ford, MA,
U.S.A.), two constaMetric I I I  pumps, a gradient control ler
(LDC/Milton Roy, Riviera Beach, FL, U.S.A.) and a Waters
969 pholodiode array detector. Detector signals (absorbance
at 254nm) were recorded with an AGC Personal Computer.
The program Mii lennium (Waters) was used for data acquisi-
t ion and analysis. Cardiomyocyles were deproteinized with
2.50 pl of 0.4 M perchloric acid. Al lel centr i lugation
(12,000 x 9), l00pl of the acid extract were neutral ized with
l0pl ol" 2v potassium carbonate (4'C). The superl latant
(1041) obtained afier centr i fugation was used for HPLC
arralysis. The pel lets of the acid extract were dissolved in 1 ml
of 0. I  tr l  sodium hydroxide and further di luted 1:10 wrth
physiologic sal ine for protein determination (BCA Protein
Assay, PIERCE, Rockford, I I- ,  U.S.A.). Percentage of ' l iv ing
cel ls was estimated by determining the rat io of rod-shaped to
total myocytcs. The percentage of rod-shaped myocytes varied
betwcen 28 and 32oÄ in difl"erent cell preparations. At least 600
myocytes were counted in each preparation.

Statistit's

Data are expressed as means+s.e.frr. ,  z: nurnber of cel ls
Error bals in f igures represent s.e.m- Stat ist ical signif icance
was detennined by a two-tai led Sludent's /- test or, i f  more than
two condit ions were compared, by one-way analysis of
variance (ANOVA) with the LSD po.sr hoc tesl. Differences
were considered signif icant at P<0.05.

Drug.s

Stock solut ions of Krr.rpr channel blocker gl ibenclarnide and of
Kra.rpi channei opener pinacidi l  were prepared dai ly in DMSO.
Both drugs were purchased from Sigma.

NADH (f-nicotinamide adenine dinucleotide, reduced
form, disodiurn salt) was purchased from Roche (Mannheirn,
Germany), nicotinamide an(l NAD* (f-nicotinamide adenine
dinucleotide. oxidized I 'orm) from Sigma.

British Journal of Pharmacology vol 139 (4)
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Results

Actival iotr oJ lxrnL pt by pinacidi l

Mean mernbrane capacitance (C,,,) of isolated guinea-pig
vent r i cu la r  myocy tes  used in  th is  s tudy  was 113.6+3. l3pF
(r: 102). Under physiological condit ions (4.3 mM ATP in the
pipette solut ion, ATPi), outward current density of '1.", , .0 was
2J9+0.26pApF I  a t  +30mV (n :  l9 ) .  1* ,o1py  d id  no t
contr ibute to the basal electr ical act ivi ty since gi ibenclamide
(50 pv), a K(Arp) channel blocker, did not affect y',,,"o (data not
shown). Figure 1 shows the eil'ect of pinacidil on 1s,,,161 as,,,y1
and (,, , ,o. Exposure to 304M pinacidi l  caused 1K1a1p1 activa-
t ion, shown as a strong increase in 15.1,31 <o,"vy. Superlusion of
the cel l  with the sul lonylurea gl ibenclamide (1 pu) completely

1 uM olibenclamide
tr.5riT"l

30 pM pinacidil*
-

o

t (min)

Figure I (a) Time course of /a1n1p1 activation by pinacidil (304t't)
and subsequent b lockade by gl ibenolamide ( l  pt r t )  in a guinea-pig
ventricular myocyte. Sharp vertical deviations represent the voltage
ramp-elicited current traces. (b) Original current traces, elicited by a
2-s voltage ramp, recorded at dilferent stages ol lhe experimental
protocol  indicated by let ters in (a)"  The inset  shows the gl ibencla-
mide-sensitive current, that is 1s,^p.,, evaluated by <tigital subtrac-
t i on .

contrOl 30 pM pinacidil

Figure 2 Outwart l  current density (at - 30 rnV) under contrci
conditions and in response to 30 trrtrl pinar;idil at dif'fereni
concenLrations ot ATP. ( l  and 4.3mM). Nurnbers given represont-
n .  * P < 0 . 0 5 .

inhibited /6,a1py aimost inrrnediately, and the holding current
returned to controi level (Figure 1a). Figure lb shows the
original current traces el ici ted by a voltage ramp applied at
r l iJferent stages of the experimental protocol ( indicared by
letters in (a)).  The current - voltagc relat ion recorded under
control condit ions revealed the shape typical for ventr icular
myocytes. During application of pinacidi l ,  a large incrcase in
mernbrane current was observed. Addit ion of I  ,uM gl ibencla-
mide completely reversed this effect. 

'Ihe glibenclamide-
sensit ive current ( inset of Figure Ib) obtained by digital
subtraction represents 151a1py showing an almost I inear
current-voltage relat ion. The reversal potential of about

80mV indicates high potassium selectivi ty. Under exposure
of 30 pM pinacidi l ,  the outwald current density at * 30 mV was
28.9 + 3.38 pA pF-'  (n :  1 9). After a washout period of 5 min.
the currgnt density returned to control values
(1 .81+0.22pA pF- I ,  n :  l2 ) .  F igure  2  shows the  p inac id i l
(30pv)- induced activation of 161n1.py, demonstrated as the
increase in .1,o,,,0 density at +30mV in the presence of a
physiological (4.3rntvt) and a low (l  mv) ATP; concentrat ion.
Under control condit ions (measured 5 min al ler rupture of the
membrane patch), 1,,,,p(+ 30*.v) density was not statistically
dif ferent at physiological and low ATPi (2.19+0.26pApF '

( n : 1 9 )  u e r s u s  3 . 0 2 i A . 5 l p A p F  I  p r : 8 )  u s i n g  4 . 3  a n d  l r n t u t
ATPI, respectively). However, using I mtr.l ATPi, the pinacidil-
induced increase in outrvard current density was signifrcantly
higher compared to 4.3mM ATPi (P<0.05). The currcnl
density was 28.3 + 3.26 (n : 19) and 52.2X 13.8 pA pF I (n :  8)
at 4.3 and I mtu ATP,, respectively. Thus, the pinacidi l-prirnei
. ls1a1.p; is an indirect indicator of subsarcolernmal ATP
concentrat lorl .

E/Jbcts oJ inurbution with NADH ond related compaunds

Figure 3 shows the concentrat ion-dependent e{l 'ect of NADH
on ft1a1py activation by 30ptvt pinacidi l  under physiological
condit ions (4.3 mu ATP;). Guinea-pig ventr icular myocytes
were incubated with different concentrations of NADH (200.

300, 400, 800, l600pg rnl '  cel l  tul ture medium) for 4-.6h
before electrophysiological experiments were perlbrmed. For
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h-igure 3 Concentralion-dependent elfects of NADH incubation
on /*,^to, activation by 301rtvt pinacidil. Numbers given represent n.
*P<0,05 compared to contro l  myocytes.

control experiments, an identical t ime schedule was used.
Under control condit ions. outward current density at + 30 mV
was not dif ferent between control and NADH-incubated cel ls^
The cur ren t  c lens i ty  was 2 . i9+0.26  0r :  i9 ) ,  I  82+0.33  ( r  = .  6 ) ,
1 . 7 2 + 0 . 1 9  ( n : 6 ) ,  t . 7 0 + 0 . 1 8  ( r -  l 5 ) ,  1 . 7 6 + 0 . 3 6  ( r : 6 )  a n d
2.53 +0.49 pA pF-'  (n:7) in control and al ier incubation rvith
200. 100, 400, 800 and 1600pgrnl '  NADH, respectively.
Incubation of the myocyles with 2001rgml -r NADH resulted
in a reduced ,161n1p, act ivat ion by pinacidi l  comparcd to
control cclls, but this effect did not reach statrstical significance
(28.3+3.26  (n :  l9 )  uersus  25 .4X3.97pApF |  (n :6 )  a t
'1.30rnV). However, using 300pgrnl-r,  NAI)H outward

current density was signi l icantly reduced ( l3.f l+3.78 pA pF-' ,
n:6; P<0.05). A further increase ol NADH concentrat ions
did not further diminish the ellect of pinacidil on .lp.n1pi
activation. 

- l-he 
outward current density rvas 13.9 * I  .49

@ : 1 2 ' 1 ,  1 5 . 0 + 3 . 1 9  ( n : 6 )  a n d  1 3 . 2 + 3 . 7 4 p A p F - ' ( r r : 6 )  i n
myocytes incubated with 400, 800 and l600pgml-r NADH,
rcspectively. The elTect ol the K,^1p, channel opener pinacidi l
could be washed out cornpletcly. The outrvard current density
returned almost to the init ial  value and was L8I +0.21
( n : 1 2 ) ,  1 . 2 4 + 0 . 2 4  ( n : s ) ,  1 . 0 9 + 0 . 1 4  ( n : 5 ) ,  1 . 3 7 + 0 . 2 5
( n - 8 ) ,  1 . 7 5 + 0 . 4 8  ( r r - 6 )  a n d  I  2 9  { - 0 . 3 l p A p F - '  ( n : 3 )  i n
control and after incubation wilh 200, 300, 400, 800 and
l600pgml '  NADII, respectively.

To investigate'"vhether this decreased activation of /1,^1p, by
pinacidi l  is a specif ic effect o{ 'NADH or can also be caused by
related compounds, the results with 400pgml' I  NADH were
cornpared rvith equimolar amounts of '  nicotinamide and
NAD* (Figure 4). Under control condit ions, no dif ference
in outward current density was observed (2.19+0.26 (r:  l9),
2 . 0 1 + 0 . 3 6  ( n : 6 ) ,  1 . 9 6 ! 0 . 2 { J  ( , 1 : 7 )  a n d  1 . 7 0 + 0 .  1 8 p A p F  L

(n: l5) in control and after incubation with nicotinamide,
NAD - and NADH, respective ly). 161a.1p; äct ivät ion by
pinacidi l ,  horvever, could neither be reduced by nicotinamide
nor by NAD'. There was no stat ist ical ly signif icant dif ference
between currents in control myocytes and myocytes incubated
rvith r-r icot inamide or NAD-" Outward currenl density at
+ 30 mV after addit ion of 30 pM pinacidi l  was
28.3+3.26pApF- i  ( i r -  l9 )  in  cont ro l  myocy tes ,  30 .5+4.83
(n :6)  and 29 .0+7.01  pApF '  (n :6 )  in  n ico t inamide and
NAD'-incubated cel ls, respectively. After a rvashoul period,

r control

control 30 pM pinacidil wash

Figure 4 l* , , .1p,  actrvat ion by 301rNt p inacid i l  i l r  myocytus nrcu-
batecl  wi th 400irgnr l  '  NADH and equimolar  amounts of  n icot i ,
namide and NAD '  .  Nurnbers given represent rz-  +P< 0.05 cor l lparod
to al l  groups under 30,atvt  p inacid i l .

the outwald current  densi ty returned near ly to contro l  value. ;
( 1 . 8 1 + 0 . 2 2  ( r :  l 2 ) ,  L l 3 + 0 . 1 5  ( n : 5 ) ,  1 . 4 4 + 0 . 2 5  ( r i : 6 )  a n d
L37 + 0.25 pA pF '  (rr :  8) in control and alter incubation wit i .
nicotinan.r ide, NAD' and NADH, respectively).

Siuce /61o1.p1 serves as an indicator ol 'subsarcolemmal ATP
concentrat ion, the most l ikely explanation for the obsen,ed
effects is an NADH-induced increase in intracel lular ATP
content. A direct el lect of extracel lular NADH on pinacidi l-
act ivated Is1a1py cän be excluded. Simultaneous superlusion of
myocytes with 400pgrnl-r NADFT and 30ptvI pinacidi l  did not
change ,/ . , , , ,p (data not shown).

D e I e r m ina t ion o.l int r a c e I ht I u r ude nin e nu c le o t i cle s

To confirm an NADH supplementation-induccd increase in
ATP; concentrat ion. we measured the intracel lular adenine
nucleotide content rn cardiomyocytcs with and rvithout
NADH supplenrentation by HPLC. F' igure 5 shows the
summarized rcsults. The increase in ATP conter)t in cardio-
myocytes af ler 4 h supplementation with NADH was highly
signif icant (45.59+ 1.88 nnrol ntg I protein of l iv ing cel ls rersrrs
cont ro l ,  3535+2.5 ' /  nmol  rng  I  p ro te in  o f  l i v ing  ce l l s ,
P<0.000005.  r :7 ) ,  whereas  ADP and AMP showed no
signif icant alterat ion compared to control.

Discussion

Aimost al l  ol '  the cardiac A-fP is regenerated by respiratorl ,
chain-l inked phosphorylat ion, whereby the reduction potentia;
Ibr thc respiratory chain is rnainly supplied as the reduced
coenzyme NADIJ which is oxidrzed by complex I of thc
respiratory chain. The cel lular NADH conten{ can be
inf luenced by extracel lular suppiy of metabolic substrates.
Recently, Wil l iams et al.  (2001) showed that b,ecause of the
presence oi glutamate during the isolat ion procedure, the
intracel lular glutamate concentrat ion in single isolated rat
myocyles is raised; this in turn increased melabolic f lux as
indicated by a higher NADH/NAI)t rat io and ATP content
as well  as improved recovery { iop simulated hypoxia. The
NADH/NAD" rat io can also be increased by the addit ion of
other rnetabolic substrates i ike pyruvate (White & Wittenberg,
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AMP ADP ATP

Figure 5 Aclenine nuolerrtide content oi cardiornyocytes incubatcd
with 400pgml i NADH t'or 4lt uersus control. Thc values were
calculated as 1007, l iv ing cel ls. n-7 in each group. "P<0.000005"

2000; Wil l iams et ul. ,  2001)- The activi ty of cardiac Kalp
channels is control led by a cytosol ic ATP pool for which
oxidative phosphorylation is the predominat ATP source
(Knopp et al., 2001). Since the respiratory chain is luelled
mainly rvi th NADH, i t  was the aim of this study to investigate,
whcthcr NADH supplementation per se ieads to an improved
metabolic state ol cardiomyocytes. The pinacidi l-primed
y'p,11p, was used as sensor of the sutrsarcolemmal ATP
concentral ion.

Under physiological condit ions, K,o1.py channels are pre-
dominantly in the closed state because of a strong inhibit ion of '
channei act ivrty at an A'fPi concentrat ion in the rni l l i lnolar
range (Noma, 1983; Heidbüchel et ul. ,  1990; Kouni et al. ,
1997). These data are consistent with our observations in
guinea-pig ventr icular myocytes revealing no contr ibution of '
1a1a1p' to the basal electrical activity, since under physiological
condit ions the sulfbnylurea gl ibenclamide (50At' l) ,  a K(A1.p)
channcl blocker, did not al ' lect current voltage relat ion
el ici ted by a voltagc rarnp (data not shown).

In the present study, pinacidi l ,  a K(Arp) channel opener
(Srnal lwood & Steinberg, 1988; Arena & Kass, 1989), which is
known to increase thc open probatr i l i ty 6f the Kla1ey channel
( lsomoto & Kurachi, 1997), act ivated /rrnrpr showing sirni lar
characterist ics as ctescribed in other studies (Noma &
Shibasaki, 1985; Arena & Kass, 1989; Koumi et ul. ,  1991).

Using a physiological (4.3mna) and a low (lmv) ATP;
concentrat ion, we could show that pinacidi l  causes a sig-
nif icantly more pronounced activation of /rrq-r.pr at a low A1-P-
concentral ion. These results are in l ine with previous observa-
t ions report ing the pinacidi l  act ion to be dependent on ATP,
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Ahstract^ Drugs intended to increaso wellness or quality of life ("lil 'esLylc cirugs") have gained popularity and/ol import-
ance over recent  years.  Biogenic substances l ike nicot inamide adenine dinucleot ide (NADH) are supposed to increasc the
physical and intellectual pcr'(ormance without side-effeots. NADH is an energy-delivering co-substrate in the respiralory
chain. Clinical studies showed positive effects of peripherally given NADH in Morbus Parkjnson and majol depression.
NADH can be measured by i ts  f luorescencc.  ln lh is study a pulscd N2- laser combined wirh a f ibre-opt ic  probc and
photomultipliers \vas used to induce and measure NADH fluorescence in the rät cortex. The aims of the study wer-e to
assess the suitability oithe laser-induced spectroscopy for in vh,o and on-line measurement ol'NADH in neuroscience and
the assessrnent of  the cent ta l  avar labi l i ty  <-r f  NADH af ter  per ipheral  adrnin ist rat ion.  NAI)H (50 rngikg) but  not  thc
precursor n icot inamide caused a s igni f icant  r ise ol ' the NADH i luorcscence intensi ty indicat ing an increase oi  the NADH
concentration in the ra1 cortex. In conclusior.r, thc results suggcst that NADH given orally or intrapcritoleally increases
the amounts of  NADH in the brain.  The resul ts rnay thus help to expla in the c l in ical  e l fcots reported.

Nicotinamide adenine dinucleotidc (NADH) plays a central
role as a co-substrate for energy transler in the mitochon-

dlial oxidative phosphorylation, which supplies more than

95%, of the total cnergy requirement in the cells (Erecin-

ska & Wilson 1982). In rnost cel ls NADH is the main source

of reducing equivalents and NADH is therefore an import-

ant f  actor of oel lular metabolism. The vitamin B3 nicotina-

mide is the main precursor for the synthesis ol 'NADH mol-

ecules in eucariot ic cel ls.
There is evidenr:e that an additionally supply of co-fac-

tors or substrates could have beneficial effects in the dis-

eases of the central ner' \ ,ous system. NADH as an energy-
supplying substrate coulcl also support enzymatic reactiolls.

Cl inical studics demonstrate the posit ive effect of periph-

erally administered NADH on serious diseases such as Par-

kinson's rlisease. chronic fatigue syndrom and majol de-
pression (I l i rknrayer & Birkmal,er 1991; Birkmayer er al.

1993; Forsyth et ul. 1999).

In connection with these clinical studies which show cen-

tral effects after peripheral administration, we wanted to

investigate whether peripheral ly administered NADH ntight

change the central concentrat ion of NADH.

Selective determination oi NADH tu vivo is possible due

to i ts spectroscopic propert ies. NADH and the correspond-
ing oxidized molecule NAD+ are natural f fuorophores,

Author for correspondence: A. Rex, Institute of Phannacology and
Toxicology, Sohool of Veterinary Medicine, Freie UniversiLät Berlin,
Kose rs t r .  20 ,  D -14195  l l c r l i n ,  Ge rmany  ( l ax  +49  (30 )  838  53112 ,
e-mai l :  andrerex@zedat. fu-ber l in.de).

which start to 0uoresce after st imulat ion. The reduced and
errelgy-r ich form NADH has two absorption peaks at (1,:

260 nm and 340 nm), the oxidized form has only one ab-

sorption pcak at (1.:260 nrn). Stimulat ion of the molecules
wil"h l ight at wavelengths around 340 nm (ultraviolet-spcc-

trurn) leads to generation of fluorescence signals (maximurn

at 465 nm) that stafl only ft'onr the reduced nrolecules. 
-l-he

strenglh of the NADH fluorescence signal is pr-oporlional

to the concentrat ion of the NADH rnolecules. Various

fluorometric methods have been developed with high pow-

ered light sources such as xenon lamps, tungsten-halogen
lanrps, melcury arc lamps or lasers (Renault er u!. 1984:
Ince et ul. 1992): In this study a nitrogen-laser-fluorescence
detector with spectral filters has been used to induce aud

measure NADH fluorescencc in the cortex of rats. lnclusior-t

of a t ime-gate al lows the suppression of long-l i fet ime f luor-

escence in the deteotion range (c.g. col lagen hbres). The

concentrat ions oi NADPI{ with NADH-l ike f luorescence-
propert ies are very low and do not interferc with the dcter-

mination ol NADH.
The aim of oul study was application ol the laser- in-

duced fluolescence spectroscopy for in vivo and on-line

measurement of NADH in neuroscience and determination
of Lhc central avai labi l i ty ol NADH alter peripheral admin-
istrat ion.

Materials and Methods

.4.nitnul.s. lvlale Wistar rats (Schönlvalde, (iermany) 220:t25 g,
group-housed under a l2 hr l ight-dark schedule were use<j. Al l  ani-
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mal exper iments were carr ied out  fo l lo$ ing the pr incip les of  labora-
ror1,  anirnal  care and the ( lerman Law on Protecl ion of  Animals
and rvere apploved by the trnimal protection board of the Stare of
I ler l in "Landesamt für  Arbei tsschutz,  Gesundhei tsschutz und tuch-
nische Sicherhert  Bel l in,  Fachgruppe Veter inänvesen. Lebensnr j t -
te luesen und ( icntechnik" .

Drugs. The follorving substances were used: Nicotjnamide-adenin-
dinucleot ide rcduced (NADH).  n icor jnamide-adenin-dinucleot ide
oxid ized (NAD+).  n icor inanr ide la i l  obtained f rorn Sigrna-Aldr ich)
and vehic le (sodium bicarbonate but lcr .  as stabi l izcr  ibr .  NAI) l l ) .
AJI  drugs lvere dissolvcd in the vehic le pr ior  to use.  The rn ject ion
volurue rvas I  ml /kg body u,eight .  Fbr orai  appl icat i t>n NADIJ.  n ic-
otinalnide and i,r'hicle in tablet .ir.rrrn wcre used, all delir.,ered llorn
[3 i r -kmayer Lal ]orator ies (Austr ia) .

,4ppurutu.t. For the deternination ol' changes in NADH conoen-
l rat i ( )ns a f luoresce:rce detcctor ' (Laser Fluoroscope 301, IOM, Ber-
l in,  Germany) in cornbin i l t iou wi th dat i t  acquis i t i t ln  sof tware and a
standard personal computer were used (Rex et ul. 1999t|). The detec-
Ior  uscs a pulsed ni t rogen IaseL () , :337 nm, P:30 pJ,  t :350 ps) as
I ight  source.  The laser beam is coupled into an opt ical  f ibre ( fused
si l ica,  O:100 pm) aud appl ied to rhe cortex. , . \  second l ibr .e o l '
thc sarne diameter,  posi t ioned di rect ly  beside the'st imulat ing '  f ibre,
col lects part  01' the i luoresccncc ancl  randomly back-scat tered l ight
1o lcad i t  back to the dcrcct ion uni t .  Temporal  and spcctra l  gat ing
isolates thc NADH l lut r rescence. Cihanges ol '  thc NADH i luor-
escence wore determined rv i th a h igh spat ia l  solut i ( )n,  at  least  for  an
,r |lvr,r method, by the snrall dtameter of thc optical fibre and the
pcnetrat ing dcpth of  the l i iser  l ighL (0.5 nrm) inro the brajn.

7L'.sting prr-tcedure. Oral application clf the tablets was performed
immediately before anaesthesia wi th an adaptcd appl icaror  lbr
smal l  animals (Kruuse,  Denrnark,)  about 60 min.  bel i r re the star t  of
I  he N-.{  DH f l  uorescence rrcasur cmenl .

Then the rats were anaesthetized rvith chloralhydrare (Sigrna-Ald-
r ich,  400 ng/kg intraper i roneal ly)  and al ierwards a catheter  was
piaced in the vena l'emoraljs. 

-fhe 
drugs were injecled at a rate of

50 pl/nrin.
The head oi  the anaeslhet ized animal  was f ixed in a ster .eotaxic

f rame (David Kopf,  USA),  the skul l  t repanated and the opuc prooe
slorvly inselted (4 tnm posterior and 2 urm lateral from the lnlersec-
t ion of  the coronal  and sagi t ta l  sutures of  the skul l  (bregma),  2 rnrn
deep, according to thc srL ' ruoraxic brain at las by paxinos & \ lhtson
1998). Alier the insertion of the optical probe the fluorescence was
rneasured conr inuously.  Duc to the operat ive t rauma of  the brain
Iissuc fluorescerrce data rvcre used for the evaluation afler reachlng
rc lat ively staLr lc Ievcls (approximately af icr  120 nr in.) . ' Io secure
steady exper inentar l  condi t ions,  a col t inuous hurnid i f lcat ion ot '  the
cortical surface with oxygenised artificial cerebrospinal-fl uid (CSF,
p l l  7 . 1 )  con ta i n i ng :  5  r nM g lucosc ,  125  mM NaC l , 27  mM NaH-
C lOr . : . 5  mM KC- -1 ,0 .5  mM NaH2POI ,  1 .2  n rM  Na3HpO. , , 0 .5  mNt
NaSOa, I  mlVl  MgCl2 and I  nrM CaClLz was mair l ra ined.

At  the end of ' thc exper iment the aninta ls were k i l led quickly by
an overdose o1' the anaesthet ic  administcrcd intravcnouslv Fol low-
ing dea1h, rhe ut i l izat ion of  NADH in thc respirarory chai i r  sroppe<J
and thc intcnsi ty of  NAt)H l iuorescence increased rapid ly lwi th in
lhe next  2 min.)  and reached a stable p lateau lor  l5 n in.  ( f ig.  l ) .
Thc mean (n:10 anirnals)  of  th is maximal  incrcase in the NADH
l luorescence was used as the re lercnce point  for  the pharnacr>logi-
cai  rnanipulüt ions i rnd ser to 100 per cent .

All animals, which did not show thrs typicai po,ir uortent itcretse
in thc NADH fluoresccnoe (Mottin e/ ul. 1991), were excluded fr.om
the study:

Dutu luncllitg. The fluorescence data represent the changes in per
cent  of  thc maximal ly  observed changes in the l luorcscence intcnsi ty
(or 'erdose of  the anaesthet ic , )  The basal  level  o1' f luor.esoence rngas-
rured before a phar-ntacologica) nranipulation was set to zero.
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i -br  thc minint izat ion of  haemodynant ic or  t issue-)nodularod cf-
tects on thc lluorescence nreitsured, a compensation nlethod bascd
on rhe rnsasurement ol thc back scattcred light can be used ttt de-
tsct  changes in the l , \At) I i  l luorescence c losely re lared to metabol ic
changes.  We uscd a compel)sat iorr  method gained by subtract ion of
the sc; i t tered l ight  f  ronr the NADFI f luorcsccncc tF r :  1F: l t t  

uur -
SL3r7 in)  (Harbig et  u l .  1()16;  Mayevsky l9g4).' Ihe 

intensi tv o l ' the f luorescence depends on the inrensi ty of  the
cxci tat ion l ight .  To exclude ar tefacrs induced by changes in thc exoi-
(atron rntensi ty by. thc luser encrg); ,  rhc t luor-csccncc rneasur.cd was
set  in re lat ion to the powef 0f ' the laser.

,Stuti.ttit.t. Tlie data ilere analyscd using an one-way ANOVA on
repeated measures. A difference of the nreans rvith an error. pftrb-
i tb i l i ty  of  P<0.05 was considered s igni f icant .  Data al .e preserrred as
mean+S.E.M. To ensu|c c lar i ty  in f ig.  2 and 4 dat i r  are presenred
as mean and the ränge ol ' the S.E.M. is  stated iu the legends to
f igules.

Results

I '-ol lowing insert ion of the optical irrobe into the cortcx the
intensity of the NADI-I fluorescence declinecl for the first
120 min. and then reached a stable level with a variariolt  of
thc f iuorcscence less thirn two percent in untr.eated controls.

Application of NADH (50 mg/kg) inrraperitoneally in-
cluced an inclease in the intensity ol the cort ical NADH
fluorescenoe of about l8*3.8%, Ior approximately 30 nrin.
compafcd to ths nr.t . . .ence intcnsity in the cont|ol group,
while a lower dose of NADLI (10 mg/kg intt .aperitoneally)
did not show any effecr (fig. 2).

Neithel NAD+ (10 rngikg, 50 mg/kg) nor nioorinanride
(10 mglkg,50 mg/kg) had a signif icanr effecr on rhe NADH
fluolescence in the coltex dul ing the entire measurement
(120 rn in .  a f te f  the  Iasr  man ipu la r ion)  ( f ig .  2 ) .

Fol lowing oral appl icat ion of NADH (2 rablets ENADA
of  5  mg NADH:51t1 .1  mg/kg)  rhe  cor t i ca l  f luoresoence
intensity at the beginning of thc mcasuremcll ts (60 ni in.
after appl icat ion) was inoteased comparcd ro the NADH

0 5 1 0 1 5 2 0 2 5

t i rne [min]

Fig. L C-'hange in the inrensity of the cortical N.4.I)H fiuoresccnce
fbl lowing adninist rat ion r i l -  an overdose of  chloralhydrate com-
pared to basal levels. The maxirnal incrgase of NAI)H fluorescence
was set  to l0{)  porcent .  Data are cofrected for  scat tered l ig l r t  and
expre.ssed as rncans:rS.  E.  M. (n = l0) .
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F ' i g . 2 .  E l f bc t s  o f  NADH (1 ,50  mg /kg ,  i n t r ape r i t onea l i l , ,  S .E .M .+4 .1 ' r ; ) ,  NAD+  (V ,50  mg /kg ,
nicot inarnide (n,50 mg/kg,  int raper i toneal l l , ,  S.E, .M.r  4.6%,)  on the cort ical  NAI) [ - l  f luorescencc.
(ONE W'A\ ' -ANOV\ plus Dunnett !  tosr .  *P<0.05.  cornparcd to contro ls,  C.  S.8.Nl .18.2E,) .

40

intraper i toneal ly ,  S.E.M.: !7.8 '%) ancl
Data are expressed as nlean (n:10).

l luorescence in the vehicle-treated controls (f ig. 3). Adminis-
lrat ion ol nicotinarnide had no effect on the intensity of the
measured NADH fluorcscenoe (fig. 3), however. there was
no alterat ion in thc genelal coulse of the f iuorescence inten-

sity over the t ime thc NADH fluorescence was rneasured,
comparing the di l lorent lreatments.

Intravenous application of NADI{ (10 mg/kg) induced
an imrnediate r ise(l l+4.6'% of the maximal incrcasc) in the
intcnsity of the cort ical NADH fluorescence for about 2.5
min. Fol lowing application of a higher dose NADH (50 mg/
kg) this increase in the f luorescence intensity (19+5 l7t,  of
the maximal increase) was prolonged to about 9 rnin. (f ig.

4).
After inlravenous application of NAD+ (10 mg/kg) a

rise in the intensity of NADIJ f luorescence (16*3.9%' of
the maxirnal increase) could be observed lor about 3 nrin.

Application oi 50 mg/kg NAD+ induced an inclcase of
NADH fluorescence (24*4.8"i ,  of the rnaximal increase) for '
about 9 tnin. compatable to thc effect of NADH (l ig. a).

Discussion

Biochemical and histocirenrical rrethods for the deterrni-
nation of NADH in vitro arc routine (Bergrneyer & l lernt
1971'). ln addition to the aiready established techniques,
spectroscopic procedures for nrcasurement of NADH con-

centlatiotrs lrr vi vo were develofred (Chance et ul. 1962. lnce

et ul. 1992; Mayevskt et ul. i996). For selective determi-
nation of the NADLI f luorescence in our study, laser- in-
duced fluorescence spectroscopy was used (Beuthan e/ ,r/.
1990; Fink et ul.  1993).

In a previous study u'e have shown that the measurement

of changes in NADH fluorescence with laser technique
allows detcrnrination of changcs in CNS metabolisrn wilh
high regional select ivi ty and t ime resolut ion zr r lvo (Rex ct
ul.  191)9a). ln the study sodium cyanidc, a potent blocker ol
the respi latory chain, induced an increase in the colt ical
NADI' l  f luorescence cromparable to increased intensity fbl-
lowing administrat ion of an overdose of the anaesthetic
chloralhydlate. Similar changes could bc demonstrated in
it t  vttro expeliments showing inhibit ion of NADI-l  con-
surnption after treatmcr)t with polassiurn cyanide (Gil le &
Nohl 2000). Pathophysiological manipulat ions as the induc-
tion of a cortical spreading depression (Rex et ttl. l9L)9a) or
phalrnacological treatment with the sorotonin agonist 8-
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F-iB.  3.  El l 'ec(s of  NADH 150 mg/kg ola l ly)  and nicol inamide (50
mg/kg olally) on the cortical NADH fluorescence directly afier irn-
plantat ion of  the cpt ical  probe into the cortex (60 rn in.  af ter  drug
appl icar ion) compared to the NAI)F{ f luorescence of  the contro ls.
I )ata are expresscd as mean:rS.E.M. (n:  l0)  (*P<0.05,  comparet j
io contro ls) .
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Fis. 4. Elfects oi NADFI ( l) ,  50 ng/kg, intravenously, S.E.M,+5.6) and NAD+ (V, 50 rng/kg, intravenously, S.E M.*6.1) on rhe corr ical
NADH ffuorescence. i)ata are expressed as mean (n:10) (*1,<0.05, compared to controls, O. S.E.M.*5.2).
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OH-DPAT induces smaller changes in the ini.ensity of the
r\-ADH fluolescence (Rex el al. 1999b)" However, these rela-
tively' small changes may be important for the metabolisnr
and fur-rction of tissues.

Assessment of the bioavai labi l i ty of NADH shows a
possiblc application o1' the laser fluorescence spcctroscopy
in ncuropharmacological studics.

The results ol ' the present study show a signif icant r ise of
thc measured NADH fluorescence intensity in the cortex of
rats after pefipheral appl icat ion of NADH.

To reach thc central nervous system, the NADH mol-
ecules have to pass trvo menrbranes in the processes of ab-
sorption and distr ibution: The membranes in the gastroin-
test inal tract aud the blood-brain barr ier between the cer-
ebral vessels and the blain tissuc. To our knowledge there
are no experimental results on the passage of NADH
through the blood-brain balr ier.

'fo 
show possible central cf l'ccts of a drug, intravenous

administration offers one advarltage. The distlibution ol the
cirug into the brain is hindered only by the blood-brain bar-
rier. An expected effect of the substance in the brain is nor
afl'ccted by reduced absorption andiol breakdown in ihe
peripherl'.

The rapid increase in NADH fluorescence as observed
after intravenous administrat ion of NAD[{ and as shown
in f ig. 4 suggests that NADH leaves the blood circulal ion
and reaches the brain t issue.

It could be algued" however, that the NADH measured
remains in the blood vessels iu the brain, but the fol lowing
argurnents are in favoul for passage through the blood-
brain barrier'.

I t  is known that haemoglobin absorbs both thc excitat ion
light as well as the emitted NADI'I fluorescence, henue
NADH {luorescence ntcasurement in bloori vessels is not

possible. Measurement of NADH fluorescence can be done
only in vessel-free or vessel-poor areas. In addit ion, bloocl-
vesscl restr icted r ise of the NADH conccntlat ion can be
excluded sinoe an increase in the dosage given intravenously
with the same inject ion volume leads to plolonged increase
in fluoresccnce, but has no elfect ou thc intensity of the
fluoresr:ence. I f  the increase of NADH is l imited to tht:  vcs-
sels, only the st length oi the f luorescence signal would in-
crease.

An increase in the NADH fluorescence fol loiving intra-
peritoneal and olal administ lat ion suggests that NADH
molecules might be also absorbed lrom peri loneum and to
a smallel degree also from the intest ine as shown in the f ig.
2 and 3, respectively,

The intraperitoneal inject ion is a standard administrat ion
of drugs to rodents in experimental pharmacology. The big
surface and the good vascularization of the peritoneutn en-
sure a good absorption ofsubstances through the peritoneal
membrane (Scheler 1989). Encoulaged by the intest ine
rnovenents, NADH injected into the peritoneal cavity
spreads fast in the pcritoneurn and thus might be absorbed
quickly. Intraperitoneal inject ion avoids degradation of '  the
NADI'I through enzymes located in the digestion tract.

Absorption ol NADH after olal appl icat ion could be as-
sumed by the clearly raised NADH lluorescence at the be-
ginning of the expcriment, as seen in f ig. 3. The long period
between the application and the measurement ol '  the
NADH fluolescence can be responsible for the relatively
small  changes in the f luolescence intensity of NADH. This
interval however, is mandatory due to the duration of thc
surgery (approximately 60 rnin.).

The slow absorption from the g.astrointestinal tract and
subseqr.rently lower concentrat ions in the portal vein (same

amount ofdrug over a longer t imespan) could also enhance
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the effects of rnelabol izing enzyrnes in the l ivcr leading to a
relat ively srnal l  bioavai labi l i ty of NADI-l  al iel  olal appl i-
cation.

Horvever' ,  i t  has not been veri f ied that the NAI)H mol-
eculcs that cause the increascd f luorescenr:e in the cortex are
identical ivi th the injected NADH molecuies. 

-[-he 
occur-

rence of NADH in the periphery could also inducc a change
in the lactatc/pyruvate rat io, since the Klebs cycle is under
on ly  minor  cont ro l  bv  NADIJ  (Lance er  r r l .  1985) .  Pyruvate
and lactate can pass the blood-brain bari ier and induce an
increase in the NADH formation in the CNS.

The oxidized p1'r ' idine nucleotide NAD+ is converted
rvithin cel ls frorn nicotinamidc. The pyrimidine r ing in the
NAD+ moieculc accepts a hydrogen atom, and is able to
stabi l ize'.he acccptcd electron. Hence, NAD+ cau be re-
duced to NADH, rvhich can proceed in rcactions by carry-
ing an electron and a hydrogen ion.

lntravenous adniinistrat ion of NAD'l- causes a nse in
the intensitv of the NADH fl l iorescence. This inulease in
NADFI f luorescence al ' tcr the intravenous inject ion nray
point to a stead),-sta1e exist ing in idle status bctrveen the
lo$,-enel'gy form NAD+ and the high-energy form
NADH in the t issue so that a rapid and one-sided supply
of NAD+ might lead to a part ial  redr-rct ion of NAD+ to
N A D H .

Afiel int laperitoncal inject ion of the oxidized torm
NAD*, no rnodif icat ion of the NADH fluoresccnco in the
cortex could bc observed. This rnay be altr ibuted to an
irnpaired absorption of the posit ively loaded molecule.

Nicotinantidc (r ' i lanine I)3) is a precursor of NADII in
the biochemical pathrvay and is al i  inlegral comporlent of
the NADH molesuie.

Since we know thir l  niootinan.r icle is absorbed rapidly and
con'rpletell, tbllorving oral application (Stratlord e l a/.
1996). intravenous administrat ion of nicotinamide was not
needed. Nicotinamicle did not have an1, effect on the cor-
t ical NADFI f luorescence. One possible erplanation for the
iack of ef lect of nicotinamide in our invesl igations could be
either the pretreatment t inre iurdlor the single admjnistra-
t ion given. This interpretat ion would be irr l ine with a study
where a single inject ion of nicotinamide i500 mg/kg int la-
pcri toneally) did not increase the cort ical concentral ion oi
NADH in the CNS ol rats (KlaidtnatT at a/.  2001). I t  is
possible thal chronic treatrnent with nicotinamidc coult l  in-

crease thc synthesis of NADI{. blrt  to our knowledge no
clata are available.

Our results stand in accordance with cl inical stucl ies, in
which beneficial central cffects of oral NADH in patrents

s, i th Parkinson\ disease and rnajor depression were veri f led
(l l i rkma-vel ar ul.  1993 Forsyth et ul 19991.

Thc fact that the Jluorescence measurements rverc carricd
out in anaesthetizeci anirnals with leduced metabolic act iv-
i ty shouid not be neglected. These animals have srnal ler
NADH consumption and higher NADII pool. ln principle
measurement of NADH in arvake and fi'eely moving ani-
mals is possibie and should be further investigated.

In conclusion, the lesults prove that the applied method

lor  in v ivo measurenrent  o i  NADH f luorescence by laser-

induced fluorescence spectroscop), is a usefll method for iri

v lvo and on- l ine measurement of  NADH in neuroscience

and could be a sui table tool  for  pharrnacological  and phaf-

maceut icz i l  s tudies.

A c k n o w l e d g e n i c n t s
- fh is 

study was sul . rportet i  by l l i rknral 'er  Labo|ator ies Vi-
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St imulat ion of dopamine biosynthesis in cul tured PC 12
phaeochromocytoma cel ls by the coenzyme nicot inamide
aden ined inuc leo t ide  (NADH) .

Vrecko K,  B i rkmayer  JG,  Kra inz  J .

Inst i tute for Medical  Chemistry,  Universi ty of Graz, Austr ia.

The act iv i ty of the tyrosine hydroxylase, the enzyme which
is  d imin ished in  the  bra ins  o f  Park inson pa t ien ts ,  has  been
measured in  cu l tu red  PC 12 ra t  phaeochromocytoma ce l l s .
In  the  same way dopamine conten t  in  the  med ium a f te r
incubat ing  these ce l l s  w i th  o r  w i thout  NADH was assayed.
The exper iment  shows tha t  NADH is  ab le  to  inc rease the
ac t iv i t y  o f  the  ty ros ine  hydroxy lase  and dopamine -
p roduc t ion  in  PC 12 ce l i s  up  to  6  t imes.  The resu l ts
prov ide  ev idence tha t  NADH is  ab le  to  s t imu la te  dopamine
-  b iosyn thes is  d i rec t l y .

PMID:  8101444 [PubMed -  indexed fo r  MEDLINE]
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Therapeutic effects of oral NADH on the symptoms of
pat ients with chronic fat igue syndrome,

Forsyth LM, Preuss HG, MacDowel l  AL, Chiazze L Jr,
B i rkmayer  GD,  Be l lan t i  JA.

Department of Pediatr ics, Georgetown Universi ty School of
Med ic ine ,  Wash ing ton ,  D .C . ,  USA"

BACKGROUND:  Chron i c  f a t i gue  synd rome  (CFS)  i s  a
d i so rde r  o f  unknown  e t i o l ogy ,  cons i s t i ng  o f  p ro longed ,
deb i l i t a t i ng  f a t i gue ,  and  a  mu l t i t ude  o f  symp toms  i nc lud ing
neu rocogn i t i ve  dys func t i on ,  f l u - l i ke  symp toms ,  mya lg ia ,
weakness,  ar thra lg ia,  low-grade fever ,  sore throat ,
headache ,  s l eep  d i s tu rbances ,  and  swe l l i ng  and
tenderness of  lymph nodes.  No ef fect ive t reatment  for  CFS
is  known .  OBJECT iVE :  The  pu rpose  o f  t he  s tudy  was  to
evaluate the ef f icacy of  the reduced form of  n icot inamide
aden ine  d inuc leo t i de  (NADH)  i . e , ,  ENADA the  s tab i l i zed
o ra l  abso rbab le  f o rm ,  i n  a  randomized ,  doub le -b l i nd ,
p lacebo-contro l led crossover s tudy in  pat ients wi th CFS,
N ico t i nam ide  aden ine  d inuc leo t i de  i s  known  to  t r i gge r
ene rgy  p roduc t i on  t h rough  ATP gene ra t i on  wh i ch  may
form the basis  of  i ts  potent ia i  e f fects.  METHODS: Twenty-
s i x  e l i g i b l e  pa t i en t s  who  fu l f i l l ed  t he  Cen te r  f o r  D i sease
Contro l  and Prevent ion cr i ter ia  for  CFS comoieted the
s tudy .  Med ica l  h i s to ry ,  phys i ca l  examina t i on ,  l abo ra to ry
s tud ies ,  and  ques t i onna i re  we re  ob ta ined  a t  base l i ne ,  4 ,  8o
and  12  weeks .  Sub jec t s  we re  randomly  ass igned  to
rece i ve  e i t he r  10  mg  o f  NADH o r  p lacebo  fo r  a  4 -week
pe r i od .  Fo l l ow ing  a  4 -week  washou t  pe r i od ,  sub jec t s  we re
c rossed  to  t he  a l t e rna te  reg imen  fo r  a  f  i na l  4 -week  pe r i od "
RESULTS: No severe adverse ef fects were observed
re la ted  to  t he  s tudy  d rug "  W i th in  t h i s  coho r t  o f  26
pat ients,  8 of  26 (31olo)  responded favorably to NADH in
contrast  to  2 of  26 (Bo/o)  to p lacebo.  Based upon these
encou rag ing  resu l t s  we  have  dec ided  to  conduc t  an  open -
i abe l  s tudy  i n  a  l a rge r  coho r t  o f  pa t i en t s .  CONCLUSION:
Co l l ec t i ve l y ,  t he  resu l t s  o f  t h i s  p i l o t  s tudy  i nd i ca te  t ha t
NADH may  be  a  va luab le  ad junc t i ve  t he rapy  i n  t he
managemen t  o f  t he  ch ron i c  f a t i gue  synd rome  and  sugges t
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nrNrluss En-ER NADH-sUppLEMENTATIoN
AUF DTE MUSKULARE ENER GIEBERBITSTELLT-IN G

BEIM MENSCHEN

D Gralhvnhl, M Klann, HM MüIIer, H Schlachter und A Berg
Universititsktinihr m F rciburg, Abt. für R ehabilitstive un d Präventive Sportmedizin

Hintergrwd: NADH ist einer der wichtigsten Eleldronen-Trarcporter bei der.(hidotion von Ntihrstffin und als essentielles

Coenzym in jeder fulle vorhanden. Biologisch ist NADH damit unersetzbarfiir die ATP-Produlaion und fullregulalion die

DNA-Repootur, das nlluldre Immnsystem sowie die otioxidaive Regulation Die lzistmgsftihigkeit der klle wd iltte

zetlspzifsche Kompeterc ist also mit ih.em Gehalt an NADH kaneliert. Die von tms untersuchte Substanz ist eite

stabilisiene Form des NADH (rvg.Patent, Birbnayer, Wien), die oral otdgernmmen nnd resorbiert am zelluldren Wirkan

NADH-verbrauchende Vorgtinge utterstützen und das AT?-Angebot begünstigen soll. Es wird angernmmeq daf der

Wirlrstofs einerseits über die Steigenmg der Transmitter-Pro&iAiory andererseits über die Verbesserung des qeroben

Tzllstofwectsels und der Energieawbeüe wirld. Zur Sicherung dieser Hypothese wtden in einem kantrollienen Design
gesunde Sportlern ouf mögliche metabolisch-erergaircle Ei$lißse von stabilßiertem NADH über Puameter der

mushiären l.eistungstähiglceit und systemischen Stressregulation unlersrcht.

Methoden

In einer placebo-kontrollierten Cross-over-Studie wurden 14
Ausdauersportlo (18-49 J., VOä* > 55mllkg/min) mit stabilem
Trainings-, Emätrnurgs- und Crewichtsverhalten mtersucht; die
Einnahme von Placebo. bzw. Verumkompretten (Tages-
dosienmg 30mg als 2x3 Tab.) erfolgte über jeweils 4 Woctren bei
6 wöchiger Wash-out-Phase. Untersudrungen wurden jeweils zu
Beginn und nach der Interventioruphase mit jeweils 2
Untcrsuchrurgen vo und nadr Cross-over durchpliihrt; zu jedet

lJntersuchung wurde die maximale aerobe Kapazität
(Spiroergometrie) mit begleitender t-eistungsdiagnostik
(Herz&equenz, laktat, Catecholanine) bestimmt und eine
Berrrteilung der Muskel- und Gan*öryerantwort im
standardisierten Ausdn"strtssl als Intensiräts-gesteuefle-
Ausdauer-lauftiandbelastung über validierte md definierte
hüfparameter vorgenommen. Trainingsverhalterl Wohlbefinden
r-u-rd Ctesundheilsarstand wurden srcrtokolliert.

Ergebnissc

Im Str,rdienverlar.rf wurden kcine unerwünschte Nebenwirkun-
gen oder Beeinflussungen von Sictrerheitsparametern beobachtet.
Drop-outs lagen ebenfrlls nicht vcrr. Folgendc VerärrdcrungprL
die in dsr vergleidrenden Statistik (avei-seitiger Test für
gepaarie Stichpnoben) im Trend liegende (p<0.1) oder gesichcrte
(p<.05) statistische Unterschiede als Treahnent-Effekt
zufwiesen, können im Sinne der oben g€nannter Wirkhypothese
heraugBstellt werden:
lm metabolisdr-enerptischen Bereich: Die Reduziermg des 02-
Verbrauchs und Erhöhung des RQ bei definierter Arbei! die
Reduziemng der CO2-Abpbe und der Blut-l-aktatspiegel bei
Ausdauerarbeit sowie die Erhöhung der freien Fettsäuren unter
Nüchtem-Ruhe-Bedingun gen.
Im metabolisch-reguiativ Bereich: Die Reduziennrg des
belastungsinduziertcn Plasma-Kaiiumspiegels bei definiertsr und
auch Ausdauerarbeit die Reduzierurrg der Plasma-lfteatinin-
spieget und des Serum{K-Anstiegs unter Ausdarrerarbeitr.
lm Bereictr der s;ntemischeo Stressindikatoren: Die Reduzienrng
der Plasma-ACTH- und Noradrenalinspiegel sowie des
l-euko4tenarstiegs unter Ausdauerarbeit.
Trägt man zaätz-lich die Einzelwerte fiir VCO2 und VO2 pro
Alemng in einern Scattergramm auf (Abb.l) md finet diese
über eine Gleichrmg 3.Grades, so läßt sich über die Koeffizienten
der.ieweiligen Gleichungen mit der Behandhmg ein gesicherter
Treatnenteffekt vcn 7oÄ für die Energiebereitstellung aufzeigen.
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Abh I' Scatlergrarwn fu die im Stdenteil gemessenen ,CO2
und tr/O2 Eiruelwerte (ril/min) mir Ubergang von Placebo zu
Verum; in jeder der Punhwolken liegt eine signi.fikant andere
Kume

Schlussfolgerung

De Reduzienmg das O2-Veörauchs und die Versdriebung des
CO2lo2-Scanergramms deuten auf eine verbesserte zellulEire O2-
Utilisation hin; diese wird möglicherweise über eine vermehrte
zelluläre Verfügbarkeit von NADH und ein danjber erhöhtes
ATP-Angebot erreicht; ais Fazit nimmt dadurch die aerobe
Arbeits<ikonomie unter Körperarbeit zr. Dies wird durch
begleitende Beobachtungrn wie die Reduzierung der tslut-
LaLtatspiegel bei Arsdzuerarbeit sinngemäß unterstütz. Auch
indirekte Parameter zr Beurleilung der zelluliiren ATP-
Bereitstellung (belastunp-induzierter Anstieg für Kalium,
Kreatinin, CK) deuten auf eine mögliche Verbesserung des ATP-
Angebotes bav. der Mernbranstabilitat hin.
Da die hier vorgestellten Ergebnisse allerdinp explorativ
erhoben wurden. *'äre jetä die Bestätigung der postulienen
Wirkhlpothese in einem konfirmatorischen Ansalz sinnvoll.
Ebenso sollten basierend auf den hier vorliegenden Ergebnissen
Snrdien initiert werden, um den mitochondrialen Wirkansatz wrd
dessen klinische Bedeutung experimentell zu überprüfen.
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pated in this dduble-blind, piacebo-controlled study. Train-
ing and baseline testing were conducted on the West Cotist
before subjects flew overnight to the East Coast, where tl'r:.-1,
would experience a 3-hour time difference. Upon arrival, i:r
dividuals were randomly assigned to received either 20 mg oI
sublingual stabilized NADI{ (n = lB) or identical placebo tab-
lets (n = 17). AII participants completed computer-aclminis-
tered tests (inclurting Cog Screen) to assess changes in cog-
nitive functioning, mood, and sleepiness in the morning and
afternoon. Jet lag resulted in increased sleepiness foi over
half the participants and deterioration of cognitive function-
ing for approximately one third. The morning following the
flight, subjects experienced lapses ofattention in additiän to
disruptions in working mernory, divided attention, and visu-
al perceptual speed. Individuals who received NADII per
formed significantly better on 4 cognitive test measures (p <
.O5) and reported less sleepiness compared with those who
received placebo. No adverse effects were observed with
NADH treatment. Stabilized NADII significantly reduced jet
lag-induced negative cognitive effects and sleepiness, was
easily administered, and was found to have no side effects.

Einleitung
Jetlag ist ein Zustand, der auftritt, wenn man mehrere Zeit-
zonen, insbesondere gegen die Uhr, in kurzer Zeit überfiiegt.
Es beeinlluj3t in groJ3er Zahl Vielreisende, F-lugbegleiter wie
Piloten. Die Symptome von Jetlag sind allgemeine Müdigkeit
und Niedergeschlagenheit, gestörter Schlafrhlthmus, ga
strointestinale Beschwerden und verminderte Hirnleistun-
gen. Rosekind schätzt, daß Jetla€ die Fähigkeit, Entschei
dungen zu treffen, was Konrmunikation und Gedächtnis
betrifft, bis zu 7Oo/o reduziert (14). Die Störung des 24-Stun-
den-Rhy'thnrus, der Schlafinitiation und anderer Aktivi täten
des Tages- und Nachtrhy'thmus ist der Auslöser für Jetlag
16, 17). Zu den Vielfliegern zählen neben den Piloten und den
Flugbegleitern Soldaten, Athleten und Manager. Sie müssen
in den meisten Irällen in bester Form ihre Aulpaben am An,
kunftsorl erfüllen. Die Problenre und die Menichen, die a:r
Jetlag leiden, haben in den letzten Jerl-ren deutlich zuq-.r-
nommen, weil viele Berufsreisencle viel öfter fllegen, aber w:-
niger Tage arr ihrem ZielorL bleiben, um sich dort umstellerr
zu können. Die Forschung ar-rf dem Gebiet des Jetlags hat
sich auf Methoden konzentriert, den zirkadiatren Rhythmus
auf die rreuerr Zeilzonen zu adaptieren. Diese Melhoden in-
kludieren Veränderungen des Schlafrhythmus, Photothera
pie, Einnahme von Sedativa und/oder Stimulantien wie Kof-
fein (lO, 13, lB). Diese Methoden haben Nebenwirkungen
urld einige sind äuferst unpraktisch jn derAnwendung (5).
Ein alternativer Zugang, die Symptome des Jetlags zuver-
mindern, ist, Vielflieger rnit zusätzlicher Energie zu versor
gen, während die Person sich an die neue Zeitzone adaptierl.
Eine Mettrode, um diesen Menschen Energie zuzulühren. ist
das energieproduzierende Co-Enzlrm NADH (auf Beta-
Nikotinamid-Adenin-Dinukleotid reduzierte Form, auch Co-
Enzym I genannt). In dieser Studie wurde die Wirkung von
stabilisiertem, sublingual absorbierbaren NADII auf die
llirnleistung von gesunden Probanden am Tag nach einem
F'lug über ganz Amerike untersücht. Die sublinguale Form
von NADI{ (ENADAlert-, Menuco Corp., New York) wurde
ausgewählt, unr die maximale Absorption, optimale Biover-
fügbarkeit und den raschen Wirkungseintritt dieses Co-En-
zyfirs zu gewährleisten. ln früheren Studien konnte gezeigt

Stabilisiertes NADH (ENADA@) verbessert die
durch Jetlag reduzierte Hirnleistung
G. D. Birlonager C. G. Kay und E. Väne

Schlüsselruörter: Jetlag - HirnleistLtttgstesl - NADH - SchIaJ
defviL.

Kegu.;ords: Jet lag - cognitine testirTg - NADLI - Jatigue coun-
termeasures.

Zusammenfassung: Jetlag ist ein Zustand, der eintritt,
wenn man mehrere Zeltzonen, insbesondere gegen die
Uhr, überfliegt. Die Symptorne sind generelle Müdigkeit.
Abgeschlagenheit, gestörter Schlatihythmus und redu-
zierte Hirnleistung. Mittel gegen Jetlag wie Melatonin,
Koffein, Sedativa oder Phototherapie sind von begrenzter
Wirksamkeit oder Praktikabilität. Die Wirksamkeit der
stabilisierten sublingualen Form von reduziertem Nikotin-
amid-Adenin-Dinukleotid {NADH, ENADAlerto. Menuco
Corp.) wurde als Gegenmittel für Jetlag-Symptome in
einer doppelblinden, placebokontrollierten wissenschaft-
lichen Studie geprüft. 35 gesunde Personen wurden von
der Westküste der USA über Nacl.rt an die Ostküste ge-
flogen, was zu einem Zeitunterschied von drei Stunden
führt. AmAbend vor demAbflug und in der Früh nach cler
l,andung wurden alle Probanden einem Hirnleistungstest
unterzogen. Eine Gmppe erhielt 2O mg ENADAlert', die
andere Gruppe identische Placebotabletten. Alle 'leil-

nehmer der Studie beendeten die computergesteuerten
Hirnleistungstests {Cog Screen), die die Hirnfunktion, die
Stimmung, den Schläfrigkeitsgrad am Morgen und zu
Mittag nach clem Flug messen. Jetlag führte zu einer er-
höhten Schlälhgkeit bei mehr als der Hälfte der Teilneh-
mer und zu einer Verschlechterung der Hirnleistungs-
lunktionen. Am Morgen nach dem Nachtflug kam es zu
Fehlern im Aufmerksamkeitstest sowie zu Stömngen int
Arbeitsgedächtnis, der geteilten Aufnrerksamkeit und der
Geschwindigkeit der visuellen Perzeption. Probanden, die
NADrI erhielten, hatten in rrier HirnleistunAstests siAnifi-
kant bessere Ergebnisse (P <.05) und beric[teten ein*e ge-
ringere Schlzitrigkeit im Vergieich zu den Probanden, die
Placebo einnahmen. Die Gruppe, die NADH-Tabletten be-
kam, hat keine NebenwirkunAen beobachtet.
Zusammenfassend kann gesägt werden. claj3 stabilisier,
tes sublingual absorbierbares NADH (ENADAlen'1 die
durch Jetlag induzierten negativen Wirkungen aui die
I{irnleistung und die Schläfrigkeit signifikant verbessert.

(Wlen. Med. Wschr. 2OO2; I 52:45O-4541

Stabilized NADH as a Counter Measure for Jet l^ag
Summar;r: Current remedies forjet lag (phototherapy, mela-
tonin, stimulant, and sedative ntedications) are limited in ef-
ficacy and practicality. The eflicacy of a stabilized, sublin-
gual form of reduced nicotinanide adenine dinucleotide
(NADII, ENADAlerte, Menuco Corp.) as a countenneasure
for jet lag was examined. Because NADH increases cellular
production of ATP and facilil-ates dopamine s1müresis, it may
counteract the effects ofjet lag on cognitive functioning and
sleepüress" Thirtv-five healthy, employed subjects padici-
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werden, da,ß NADI I die Produklion von Doparnin und Norad-
rena-lin in Nervenzellen stimuliert und die zelluläre Energie-
prodllktion durch Bildung von ATP verstärkt ( I, l2). Auj3er-
dem spielt NADII eine Schlüsselrolle bei der Reparatur von
geschädigter DNA und stellt aufgrund seiner biochemischen
Eigenschaften ein potentes Antioxidans dar (19). Alle diese
Eigenschai-en von NADH haben uns verleitet, die Wirkung
dieser Substanz als Gegenmittel für Jetlag zu untersuchen.
Klinische Studien haben gezeigt, da_/3 oral absorbierberes
NADII sehr wirksarn ist, die Sy'rnptome des chronischen Mü-
digkeitssyndroms, der Parkinson-Krankheit, der Alzheimer-
Krankheit und der Depression zu reduzieren (2, 3, 4, 7). In
diesen Stuclien wurde NADH oral bis zu 6 Monate verab-
reicht. Dabei wurde klinisch eine Verbesserung des Energie-
niveaus und der Hirnleistungen festgestellt, ohne da_13 Ne-
benwirkungen beobachtet werden konnten.

Methoden

36 Probanden zwischen 35 und 55 Jahren in gutem Gesund-
heitszustand wurden in die Studie aufgenommen. Aus-
schlufkriterien waren Alkohol- oder Drogenabusus, BMI
>30 kg/m2, Flugkrankheit, Schwangerschaft, Rauchen oder
Schlafstömngen. Probanden war es nicht erlaubt. Antide-
pressiva, ZNS-Stimulantien, Neuroleptika, Ginseng, Ginkgo
biloba, Melatonin, Phosphatylcholine, N-Ace[ll-Carnitin
oder andere Medikamente oder Nahmr-rgsergänzungsürittel,
die die Flirnleistung verstärken können. innerhalb der 9O
Tage vor der Studie einzunehmen. Während der Studie war
es derr Probanden nicht erlaubt, KafIee. Alkohol oder irgend-
welche Medikamente einzunehmen, die die Funktion des
Z,entralnervensystems verstärkten oder reduzierten.

Ablaufder Studie
Die Probanden kar)en um 12 Uhr mittags am'lag des Ab-
flugs nach San Diego, California, USA. Die Ilirnleistungs-
tests wurden den Probanden erklärt. Jeder erhielt einen
l,aptop Computer (lBM Thinkpad Model 760) und wurde in
die llirnleistungstests eingelührt. Um 3 Uhr nachrnittag
ftihrten alle Probar.rden die I lirnleistungstestbatterie durch.
Das Ergebnis wurde als Ausgangswert festgehalten. Die Pro-
banden wurden dann zum Flughal'en San Diego transpor-
tiert nnd nach Phoenix/Anzona geflogen. Dort erhielten sie
ein Abendessen und um 2O:30 Uhr wurde der Computer-
Hirnleistungstest von ihnen nochmals durchgeführt. Da-
nach wurden sie zlrm Flugplatz gebracht und verlieJ3en
Phoenix ürrr 22:30 Uhr Richtung Baltimore/Maryland. 30
Minuten nach dem Start wurden die Probanden gebeten, ei-
nen'leil der Ilirrtleistungstestbatterie durchzuführen. Der
Flug von Phoenix nach Baltimore dauerte etwa vier Stunden.
Die Zeitdifferenz zwischen San Diego und Baltimore beträgt
drei Stunden. Die Lokalzeit in Baltimore bei der Ankunft war
O6:OO Uhr morgens. Dort erhielten die Probanden ein Früh-
stück und wurden mit einem Bus nach Washington ge-
bracht, wo sie etwa um B Uhr norgens ankamen. Dort er-
hielt eine Grypp" der Probanden sublinguales NADII 2O mg
(ENADAlerl'"), die andere Gruppe erhielt die gleiche Anzahl
von identischen Placebotabletten. 90 Minuten nach der Ein-
nahme der'l'abletten, also um O9:30 Utrr Ortszeit, muj3ten
die Probanden den Ilirnleistungstest, den sie in San Diego
unr 3 Uhr nachmittag durchgeführt hatten, wiederholen. Um
l2:3O Uhr Ortszeit wurde der gleiche l{iinleistungstest noch
einmal von allen Probanden wiederholt. Das Ende der Studie
war um l4 Uhr Ortszeit.

Hirnleistungstests
Kay Continous Performance Tcst (KCPT)

Dieser Test mi_J3t die Daueraufmerksamkeit und die Vigilanz.
Bei diesem Test beobachten die ProbeLnden den Cornputer-
monitor und reagieren nur, wenn ein bestirnmtes Sy'mbol
mit sehr niedriger Frequenz [etwa 5old am Bildschirm er-
scheint (9). Die Fehler wurden vom Computer registriert und
danach ausgewertet.

Cog Screcn
Folgende Untertests der Cog-Screen-Testbatterie wurden
von den Probanden durchgelührt:
. Shiftin€ attention ist ein'lest zur Messung des arbeiten-

clen Gedächtnis. Der Proband liest am Computer eine
Z.rvei-Worte- Instruktion und rvend et di ese Instruktion auf
dem nächstfolgenden Bildschirm an. Dieser Test miJ3t die
Genauigkeit, die Zahl der korrekten Antworten pro Minute
und die mittlere Reaktionszeit für die kon'eklen Antwor-
ten.

. Test der früheren Nummer: Dieser Test mijSt das arbeiten-
cle Gedächtnis. Der Proband trä€t die li-riher erscheinen,
den Nummern. i .B. 1.2 odei 5 ein. wenn die nächste
Nummer erscheint. Die Genauigkeit der Antwort und Cie
Ztrhl der korrekten Antwonen pro Minute werden aufge,
zeichnet.

. Vergleichstest (matching to samples test): Dieser Test mij3t
clie Geschwindigkeit, mit der die visuelle Perzeption urrl
das Arbeitsgedächtnis arbeiten. Probanden sehön ein viär
mal vier schachbret.tartiges Muster und am folgendcn
Bildschirm ntehrere ähnliche schachbrcttartige Muster,
wobei eines mit dem vorigen ident ist. Die Genauigkeit der
Antworten und die Zahl der korrekten A-ntworten pro Mi-
nute sowie die mittlere Reaktionszeit der korreklen Ant-
worten werden registriert.

. Vergleich der visuellen Abfolge {visual sequence compari-
son): Dieser Test mift die visuelle Prozessierungvon Zit-
fern- und Buchstabenfolgen. Die Genauigkeit derAntwor-
ten und die Zahl der korrekten Antrvorten pro Minule und
die mittlere Reaktionszeit lür korrekte Antworten werden
registriert.

o Zweifachaufgabentest (dual task test): Er dient zur Mes-
sung der psychomotorischen Funktionsfähigkeit. Die Auf,
gabe des Prob:rnden ist, den Cursor eines Computers, der
auf einer horizontalen Linie nach links und rechts oszil-
liert, durch die Bedienung der linken und rechten Cursor-
taste in eine zentrale Position zu bringen. Der nrittlere ab-
solute Fehler, Abweichung vom Mittelpunkt und die Zahl
der Fehler werden registriert.

o Markierte-Nummern'-I'est (complex cognitive assessment
battery) {CCAB): Dieser Computertest mißt das Arbeitsge-
dächtnis und die geteilte Aufmerksamkeit (I5). Iler Pro-
band identifiziert und markiert eine Ziffer in einem Dia-
gramm entsprechend den Instruktionen (2. B. ,,Markiere
alle geraden Nummern zwischen 20 und 46"). Während
dieser Aufgabe wird der Proband unterbrochen und in-
struiert, die gröfere oder kleinere von zrvei blinkenden Zif-
fern festzustellen und zu markieren. Nach dieser zlveiten
Aufgabe setzt der Proband mit der ersten Aufgabe fort
I)as Gesamtergebnis, das sich zusammensetzt aus der Ge-
samtzahl der korrekten Markierungen, der Geschwindiq-
keit, die Aufgabe zu beenden und der Leistung der zweitr:rr
Aufgabe sowie die rnittlere Reaktionszeit, in der auf iie
zweite Aufgabe reagiert wird, werden registrieft. ,

Automatisierte neuropsychologlsche Assessment Matrl;
(ANAM) (e)
o Running Menrory Test: Dieser Test mißt das Arbeitsge-

dächtnis. Die Probanden werden lnstruiert, ob ein Buch-
stabe, der auf dem Bildschirm gezeigt wird, der gleiche ist
wie der auf dem vorigen Bildschirm. Die Genauigkeit der
Antworten und die Zahl der richtigen Ar-rtwor.ten pro Mi-
nute sowie die mittlere Reaktionszeit der korrekten Ant-
worten werden registriert.

o Mathematischer Test: Dieser Test mij3t das arbeitende Ge-
dächtnis und die F'ähigkeit, nrathematische Schlu-ßfolge-
rungen zu ziehen. Den Probanden werden drei Nummern
gezeigt und zwei Operationszeichen {2. B. 3 + 5 - 2) und er
wird irrstruiert zu entscheiden. ob das Ergebnis dieser Re-
chenoperation gröJ3er oder kleiner als 5 ist. Die Genauig-
keit der Antworten sorvie die Zahl der korrekten Antworten
pro Minute und die mittlere Reaktionszeit der kon'ekten
Antworten werden registdert.
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Selbstbeurteilungsskalen der Stimmung
(Walter Reed Mood Scale)
Die Probanden bekommen an-r Bildschirm eine Abfolge von
Eigenschallswörtern aufgelistet und sollen bejahen oder
verneüren, ob diese ihre gegenwärtige Stimn)ung wiedergibt
(9). Die Eigenschaftswörter reflektieren auch Müdigkeit und
Aktivität.

Schläfrigkeitsskala (Stanford Sleepyness Scale)
Dabei handelt es sich um eine siebenstufige Selbstbeurtei-
lungsskala über die gegenwädige Sctrläfrigkeit mit I = am
wenigsten schl?ifrig und 7 = ant schlälrigsten (B).

Statistische Analyse
Für die statistische Analyse wurden die Varianzanalyse
(SPSSS-PC, Version lO.7) sowie der Cl{l-Square-Test ver-
wendet.

Drgebnisse
Probandendaten
36 Probanden ( l9 Mänr-rer und l7 Frauen im Alter zwischen
35 und 55 Jahren) wrtrden in die Studie aul'genommen. Ein
männlicher Proband. der den Aufnahmetest bestanden
hatte, erschien nicht zur ersten Testserie. Die Probanden
wurden randomisiert der NADH- und der Placebogruppe zu-
geteilt. Beide Grrrppen unterschieden sich nicht in Alter oder
Geschlechtszusammensetzund.

Nebenwirkungen
14 Probanden berichteten über Kopfschmerzen während der
Studiendauer. Die Kopfschmerzen traten jedoch vor der Ad-
ministration von NAI)H oder Placebo auf. Daher waren die
Kopfschmerzen in keinem Zusammenhang mit NADH.

Vigilanz
Beim Basistest, also vor dem Abflug von San f)iego, fanden
sich in dem lrrimären Vigilanztest keine Unterschiede zwi-
schen der NADFI- und der Placebognrppe. Ein Drittel der
Probanden von beiden Gruppen hatte beim Test in der Fnih
in Washington eine Zunahme der Auslassungsfehler. Beim
Mittagstest hatten 85,7 o/o der NADH-Probanden, die O bis I
Auslassungsfehler beirn Basistest hatten, das gleiche Niveau
wieder erreicht. Im Vergleich dazu haben nur 68,8olo der Pla-
ceboprobanden im Mittagstest. ihr l,eistungsniveau des
Basistests erreicht. Der Zustand des Jetlags hat auf die Aus-
lassungsfehler einen geringeren Einflujl. tsei den Probanden
der Placebogruppe machten 82,4o/o 0 bis I Auslassungsfeh-
ler bei j eder Testsitzun g. Im Gegensatz dazv zei Eter' Proban-
den der NADFI-Gruppe eine progressive Verbessemng der Vi-
gilanz, indem sie weniger Fehler beim Test am Morgen nach
dem Flug und am Mittag nach dern Flug machten als beim
Basistest am Abend vor denr Abflug. Am Abend davor mach-
ten 77,8o/o der Probanden der NADH-Gruppe 0 bis I Fehler.
Dieser Wert verbesserte sich auf 88,9olo urn 9 Uhr in der
Früh und um l2:30 Uhr mittags.

Arbeitendes Gedächtnis
Die NADII-Gmppe und die Placebogruppe unterschiedelr
sich beim Basistest nicht. Am Morgen nach dem Nachtflug
konnten die Probanden der NADIl-Gruppe 13,2 mehr Pro-
bleme pro Minute korrekt beantworten im Vergleich zu dem
Basistest am Abend vor dem Abflug. Die Probanden der Pla-
cebogruppe konnten nur 6,8 Probleme mehr korrekt pro Mi-
nute beantworten. Bei der Placebogruppe fiel die Genauig-
keit von 93 o,/o beim Basistest auf 9l 0/o beim Test am Morgerl
nach dem Flug. Für die Probanden der NADH-Gruppe ver-
besserte sich die Performance von92,5o/a beim Basistest auf
95% bei der Morgensitzung nach dem FIug. Beim ANAM
runnjng mernory test llel die Genauigkeit bei den Probanden
der Placebogruppe von 95% auf 9l 0/o in der Früh nach dem
Nar:htflug. Sie blieb auch beirn Mittagstest um l2:3O Uhr auf
dem niedrigeren Niveau von 91 7o. Probanden der NADH-
Gmppe blieben über den garlzen Testbereich in der Früh

nach dem Nachtflr,rg und rnittags nach dem Nachtflug beim
selben Wert wie arn Abend vor dent Abfluq, rtämlich 96 o/o.

Gcteilte Aufmerksamkeit
Die Reaktionszeit, mit der auf die zweite Aufgabe reagiert
wurde, nahm bei den Probanden der NADH-Gruppe um O,1 5
Sekunden ab. Das heij3t, die Probzmden, die NADH einnah-
men, reagierten schneller. Bei den Probanden der Placebo-
gruppe verlangsamte sich die Reaktionszeit um 0,4,'l Sekun-
den (P = 0,016). Der Gesamtscore erhöhte sich bei den
Probanden der NADII-Gruppe um 77,5 Punkte. wohingegen
sich dieser Wert bei den Probanden der Placebogruppe ntrr
trm 19,2 erhöhte (P = O,Ol l) .

Geschwindigkeit und Genauigkeit der visuellen
Perzeption
Die Probanden der NADH-Gruppe komplettierten korrel..t
5,4 Autgaben pro Minute rnehr bei dem Mittagstest nach
dem Nachtflug verglichen mit dem Basistest vor denr Ab{lug.
Zum Vergleich: Die Probanden der Placebogmppe komplet-
t ierten korrekt nur 1,4 mehr Objekte pro Minute (P = 0,O2tl
(Abb. l). Beim rnatching-to-sample-test konnten keine sigr',i-
fikanten Unterschiede zwischen der NADH- und der Placebo-
gruppe festgestellt werden. Jedoch zeigte der Trend [F' =
O,O78) eine Verbesserung in der Durchäihrung bei den Pro-
banden der NADII-Gruppe. 4,9 mehr korrekte Antwoften
pro Minute von den Probanden der NADFI-Gmppe im Ver-
gleich zu 1,O korrekt beantwofteten für die Probanden der
Placebogruppe.

Probanden sehen eine aus 4 schachbrettartigen Figuren"
Danach sehen sie auf den folgenden Bildschirmen die glei-
che oder äihnliche Figur und mtissen feststellen, ob sie wirk-
lich ident mit der zuerst gezeigten Figur ist.

Die Genauigkeit der Antworten, die Anzahl der korrekten
Antworten pro Minute und die mittlere Reaktionszeit werden
dabei registriert. Probanden unter NADII kon)plettierten 5,4
Figuren mehr pro Minute in der Früh nach dem Nachtflug
gegenüber dem Test am Vorabend, wog€gen die Placebo-Pro-
banden nur 1,4 Figuren mehr pro Minute komplettierten.

Psychomotorische kistung
Die Probanden der NADII'Gruppe hatten 3I o/o F'ehler beim
Basistest am Abend vor dem Abllug und 33 0/o Fehler am
nächsten Tag in der Fruh nach dem Nachtflug. Beim Mit-
tagstest r-rm 12:30 Uhr hatten die Probanden der NADIi-
Gmppe jedoch nur I I 7o Fehler. hn Gegensatz dazu hatten
die Probanden der Placebogmppe 29% Fehler beint Basis-
test am Abend und 41 0/o Fehler beim Test am Morgen nach
dem Nachtflug und 29% Fehler beim Mittagstest um l2;30
tihr nach dem Nachtflue (Abb" 2).

Abb. 1. Visuelle Perzeption: Geschtuindigkeit und Genauig-
keit. Visueller Vergleich der Sequenz: korrekte Antuorten pro
Minute.
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Abb. 2. Ps g chornotorlische Leistung. Do ppelJtrnlctionstest [ui-
suelle Perzeption und ArbeiLen des Geclöchtnisses.).

Co g-Screen-Doppelfunktionstest (AblauQ

Die Aufgabe besteht darin, einen instabilen Cursor, der sich
nach rechts und links in einer horizontalen Linie bewegt,
und die linken und rechten Cursortasten in einer zentralen
Position zu halten. Die mittleren absoluten Spurfehler und
die Anzahl der Spurfehler werden registriert. Die Probanden,
die NADH einnatrnren, hatten am Mittag nach dem Nachtflug
I l o/o Fehler gegenüber 310/o Fehler am Abend vor dern FIug.
Die Probanden der Placebogmppe hatten am Mittag nach
dem NachtlluS 29o/o Fehler, da die Fehlerquote am Abend
vor dem Abflug ebenfalls bei 29o/o lag, konnte keine Verbes-
semng der Aufmerksalnkeit registried werden.

Schläfigkeit und Stimmung
Am Abend vor dem Abflug berichteten 14 Probanden [B2olo
der NADH-Gruppe) eine Schlälrigkeit von I oder 2 auf der
Tstufigen Stanlbrd Sleeplmess Skala (SSS) und 3 Probanden
beurteilten ihre Schläfrigkeii rnit 3- 16 Probanden der Place-
bogmppe (94 0/o) beurteilten ihre Schläfrigkeit mit I oder 2
auf der Basis SSS trnd ein Proband beurteilte seine Schläf-
rigkeit mit 3. Am Morgen nach dem Nachtflug hatten beide
Gruppen identische Schleifrigkeitsbeurteilung. Bei der Mit-
tagssitzung urn l2:30 Uhr wurde hingegen ein Trend zu ge-
ringerer Schläfrigkeit bei den Probanden der NADH-Gruppe
(P = O,O8) gefunden.

Diskussion
Die Studie wurde durchgeführt, um den Einflu$ von Jetlag
auf gesunde Menschen festzustellen r-rnd die Effekte eines
Mittels gegen Jetlag zu prüfer.r. Die Ergebnisse der Studie
zeigen, daf ein Flug gegen die Uhr, der vier Znitzonen über-
spannt, Symptome und Jetlag hervormft, inklusive Mü-
diskeit, Schläfrigkeit und verminderte Hirnleistung sowie
verlangsamte Reaktionszeit. Die Hirnleistungstestbatterie.
die in dieser Studie angewandt wurde [Cog ScreenJ, konnte
eine Verschlechterung der kognitiven Leistungen nach dem
Nachtfl ug feststellen. Stabilisiertes, sublingual absorbierba-
res NADH lührt zu einer Verbesserung der kognitiven Hirn-
leistung und veringert die Schiaifrigkeit, wenn es nach der
Landung angewendet wird. Von den Probanden, die NADH-
Tabletten einnahmen, wurden keine wie immer gearteten
Nebenwirkungen berichtet. Das Nichtauftreten von Neben-
wirkungen bestätigt die Ergebnisse von fnlheren Studien,
da_13 nach der Verabreichung von NADH auch über einen läür-
geren Zeitraum von mehreren Monaten keine Nebenwirkun-
gen beobachtet werden (2,3,7l ' .

Jetlag hat, wie diese Echtzeit (real time)-Studie gezeigt hat,
eine verstärkende Wirkung auf die Schläfrigkeit, die durch
die Stanford Sleeplmess Skala gemessen wird. W2itrrend des
Morgentests nach dem Flr,rg hatten 57,1a/o der Probemden
der NADH-Gruppe und 62,50/o der Probanden der Placebo-
gmppe über eine erhöhte Schlzifrigkeit irn Vergleich zum Ba-

sistest am Abend vor dem Abflug berichtet. In der Nachmit-
tagssitzung um I 2 :30 Uhr berichten 57,67 o/o der Probanden
der NADII-Gmppe über keine Verschlechten-rnS der Schläf-
rigkeit relativ zu ihrem Wert am Abend vor dem Abflug. Zum
Unterschied dazu berichten nur 25o/o der Probanden der Pla-
cebogruppe über keine erhöhte SchläJhgkeit. Diese Befunde
weisen, insbesondere in Kombination r-nit den Ergebnissen
des Vigilanz-Tests darauf hin, da-ß NADII die durch Jetlag
verursachte Benommenheit und verminderte Aufmerksam-
keit und Alertness signifikant verbessern kann.

Der EinfluJJ von Jetlag auf die Gesundheit und dle Wirt-
schaft wird meist unterschälzt (8). Die 7a,l'i der Passagiere
auf interkontinentalen Flügen nimmt deutlich zu. Diese Rei-
senden erfahren die negativen Wirkungen von Jetlag, die in
dieser Studie demonstriert worden sind. Reisende, die unter
Jetiag stehen, rnachen mehr Aufmerksamkeitsf'ehler, haben
Schwierigkeiten, sich zu konzentrieren und können Aufga-
ben der geteilten Aufinerksarnkeit weniger effizient durch-
führen. Weiters sind Vielflieger mit Jetlag weniger aufmerk-
sam, weniger aktiv und viel müder. Für Athleten führt c.lie
Wirkung von Jetlag sehr wahrscheinlich zu einer reduzierten
tristung. Piloten und Flugbegleiter, die diese Passagierc
transportieren, sollten über die Wirkungen und Konsequen-
zen vorr Jetlag mehr aufgeklärt werden. Sie sollten eben.:o
über Wirksamkeit und Risken verschiedener Jetlag-Gege:r-
nrittel informierl werden. Manager, Angestellte, Vielflieger
sowie Piloten und Flugbegleiter müssen ihre Erwartungr:n
an diese Ergebnisse anpassen. Es sollte ihnen auch ausrii-
chende und adäquate Gelegenheit gegeben werden, sich vrln
den Wirkungen des Jetlags zu erholen. Die Implikationi:n
dieser Strrdie sind weitreichend. Die Fähigkeit, Entschei-
dungen zu treffen, die athlelische kistungsfähigkeit, erfor-
dert Aufmerksamkeit bei vielfältigen Aufgaben kontinuierli-
che Konzentrationslähigkeit und rasche lnterpretation von
visuellen Eindnicken. Diese werden durch I.-lüge gegen die
Zeitzonen stark reduziert. Stabilisiertes, sublingual absor
bierbares NADFI (ENADAlert") zeigt eine signifikante Verbes-
serung der durch Jetlag hervorgerlrfenen verminderten
llirnleistung. Für Piloten besteht eine kritische Abhängigkeit
von ihrer Vigilanz, ihremKurzzeitgedächtnis und der visuel-
len Perzeption. Nachdem diese Eigenschaften clurch NADII
verbessert werden, ist diese naturlich in jeder Zelle vorkon-
rnende Substanz besonders nützlich lür Piloten oder Fiupbe-
gleiter, die unterJetlag oder Müdigkeit leiden.
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AASTRACT

The ob jec t ive  o f  the  s tudy  was to  de termrne bo th  the  tox ic i ty  o f  the  s tab l l i zed  ora l l y  absorbab le  fo rm o f  n ico t inamide aden ine  drnuc leo t ide  1ruAOH;  l f l tnOA@
the max imum to le ra ted  in t ravenous dose (MTD)  o f  ßNADH ( the  reduced fo rm o f  NADH)  in  beag le  dogs .  The admin is t ra t ion  o f  the  s tab i l i zed  ora l l y  absorbab le
o f  NADH to  t reä9 le  dogs  a t  dose leve ls  o f  20 ,  100,  and 150 mg/kg  fo r  14  days  e l i c i ted  no  s igns  o f  a  tox ico log ica l  e f fec t .  A  t rans i to ry  change in  s too l  fo rmat io r
obseryed w i th  the  in te rmed ia te  and h igh  dose in  ma les .  There  were  a lso  apparent  inc reases  in  adrena l ,  heör t ,  k jdney ,  l i ve r ,  b ra in ,  and thyro id  we igh ts ,
par t i cu la r ly  in  ma les ,  bu t  none o f  these changes were  cons idered to  be  tox ico log ica l l y  s iqn i f i can t .  In  add i t ion ,  four  dogs  ( two o f  each sex)  rece ived in t raveno
in fus ions  o f  100 mg NADH/kq lday  fo r  4  days ,  fo l lowed by  200 mq NADH/kq/day  fo r  3  days .  fo i lowed by  500 mg NADH/kg lday  fo r  4  days ,  and 1000 mq
NADH/kg/day  on  the  f ina l  day .  A t  the  end o f the  l4TD phase,  the  cont ro l  an ima ls  tha t  had rece ived sa l ine  so lu t ion  in  the  MTD phase were  used to  evä lua te  t f
po ten t ia l  tox ic i t y  o f  the  es tab l i shed lv1TD.  These an imals  rece ived 500 m9 NADH/kg /day  fo r  ) ,4  days  ( f i xed  dose phase) .  There  were  no  deaths .  A t  dose leve ls
between 100 and 1000 mg/kg ldaV,  e f fec ts  on  the  card iovascu la r  sys tem and a lso  some ev idence o f  an  e f fec t  on  the  cent ra l  nervous  sys tem and on  the  adre
were  observed.  A t  doses  o f  500 mg/kg lday  and above,  food consumpt ion  and body  we igh t  were  reduced.  On the  bas is  o f  the  observed changes,  the  max imL
in t ravenous dose o f  NADH to le ra ted  by  beag le  dogs  was cons idered to  be  500 m9lk9 /day .  There  were  no  gross  h is to log ica l  f ind ings  ind ica t ive  o f  tox ic i t y  in  t i
o rgans  o f  t i ssues  examined.  Based on  these f lnd ings ,  the  s tab i l i zed  ora l l y  absorbab le  fo rm o f  NADH (ENADA)  can be  regarded as  sa f€ .

DOI :  1O.  1  615/JEnvPathToxOnco l .v23 . i3 .2O

f l  
oowntoaa ar t l c le .  16  pages P lease c l i ck  "ADD To

CART" .  You have to  buy  i t  be fore .

<< Pr€v ious  ar t i c le  Next  a r t i c le  >>

Ar t i c le  o r ice  -  335.00

lrttp:i/wrvw.begellhouse.com/journals/Off459a57a4c08d0,761f17661ef52a52,1893ecd... 06.07.2009



On the Safety of Reduced Nicotinamide Adenine Dinucleoti<le NADH) - Begell IIo.." Seite 2 r'on 2

frttp://www.begellhouse.com/journals/0ff459a57a4c08d0,751f17661ef52a52,1893ecd. "" 06"07.2009



Sal'ety of stabilized. or:ally absorbable, reduced nicotinamide adenine dinucleotide (".. Seite I von I

CAT.INIST l- e i.F{fl5 , fli:!:ttxl lf{iE x , jli I

;r
j

1
,

Tit re du document /  Document t i t le
Safety of slabilized, orally absorbable, reduced nicotinamide adenine dinucleotide (NADH): A 26-week oral tablet administration of
ENADA@/NADH for chronic toxicity study in rats

Auteur(s) / Author(s)
BtRKMAYER J.  c.  D.  (1 z)  14p1|1169p 6 ( t )

Af f i l ia t ion(s)  du ou des auteurs I  Author(s)  Af f i l ia t ion(s)
(1)  Department of  Research and Develöpment,  Birkmayer Laborator ies,  Vienna, AUTRICHE
(2) Departmeni of l/edical Chemistry, University of Graz, Graz, AUTRICHE

R6sum6 /  Abstract
The safety of  the stabi l ized,  oral ly  absorbable form of  reduced nicot inamide adenine dinucleot ide (NADH),  known under the brand name

, ENADA, was investigated over a period of 26 weeks. Eighty healthy rats (40 maies and 40 females) were divided into two groups. One
:.  tablet  ENADA-/NADH 5 mg per day was administered oral ly  to one group whi le ident ical - looking whi te tablets not  contain ing NADH
:r (placebo) were given to the other group. The following parameters were statistically analyzed: body weight, body weight gain, food
.  consumpt ion,  hematology,  c l in ical  chemistry,  organ weight  and organ histo logy Cl in ical  s igns and morta l i ty  were recorded. There were
: no deaths associated with the study drug and no treatment-releated clinical signs No differences in body weight between the placebo
r  and theENADA@{rea tedma leswereobse rved .  l n t hesecondha l f o f t he t rea tmen tpe r i od (weeks13 -26 ) f ema les t rea tedw i t hNADH
l gained significantly (p <0.05) more body weight than the controls. Food consumption in the treated males was similar to that in controls.
, .  F romapp rox ima te l yweek l5 . t he t rea ted fema lesconsumedup to l 0%more food than thecon t ro l s .Nod i f f e renceswereobse rved
:' between the control and the treated groups in teims of hematology or clinical chemistry parameters. There was no apparent treatment-
. related effect on urine analysis parameters or on either the absolute or the relative organ weight Furthermore, no macroscopic evidence
li of specific target organ toxicity associated with the test drug was observed. Histological findings in the treated rats were generally similar
i to those in control rats. A daily dose of 5 mg in a rat corresponds to a dose of 1 75 mg per day in a 70-kg human. This is 1 75 times the
i recommended daily dosage of 1 ENADA@ tablet per day Hence ENADA@/NADH 5 mg tablets can be generally regarded as safe.

, Revue / Journal Title
. ,  Drugs under exper imental  and c l in ical  research ISSN 0378-6501 CODEN DECRDP

Sorr""  /  Source
: '  2002,vo. .28 no5,  pp.1S5-192 i8 page(s) . (ar t ic le) l  (11 ref . )

{  Langue /  Language
. i  Anglais

, :  Edi teur /  Publ isher
:  Bioscience Edipr int ,  ceneva,  SUISSE (1977) (Revue)
' ,  Mots-c l6s anglais /  Engl ish Keywords

Ve r teb ra ta ;Mamma l i a ,Roden t i a ,H i s to l ogy ;C l i n i ca l  chem is t r y , l - l ema to iogy ,Feed ing ;Bodywe igh t ,P rec l i n i ca l  t r i a l  ;Hea l t hy
' '  sub jec t ; Long  t e rm ;Ra t ,  An ima l  ;Tox i c i t y ;O ra l  adm in i s t r a t i on ;Tab le t ;NADH,

:' Mot"-"t6" frangais / French Keywords
, i  Ve r t eb ra ta ;Mamma l i a ,  Roden t i a ,  H i s l o l og ie ;Ch lm iec l i n i que ;H6ma to log ie ;A l imen la l i on ,  Po idsco rpo re l  ;Essa i  p räc l r n i que
:  Indiv idu sain ,  Long terme ,  Rat;Animal  ,  Toxic i te ;  Voie orale ;  Comprim6 ;  NADH ,
'  Mots-c lds espagnols /  Spanish Keywords
:  Ve r t eb ra ta ;Mamma l i a ;Roden t i a ;H i s to l og ia ;Qu im icac l i n i ca ;Hema to log ia ;A l imen tac i ön ;Pesoco rpo ra l  ;Ensayo  p rec i i n i co ,
I  I n d i v i d u o s a n o ,  L a r g o p l a z o ; R a t a ; A n i m a l  ; T o x i c i d a d  i V i a o r a l  ,  T a b l e t a ,  N A D H '

. .  Local isat ion /  Locat ion
t  INIST-CNRS, Cote INIST 17208. 35400010420348.0030

No not ice reldoc (ud4) r  14591930

Rechercher dans CAT.INIST / Search in CAT.INIST I
'{ro',gle* t"oom search

http : I I c at.in i st. frl?aMo de I e :a ffi ch eN & c psi dr 1 4 5 9 1 9 3 0 06.47.2009



Zusammenfassende Beurtei I ung

Auf Grund wissenschaftlicher Arbeiten der Evidenzklasse I und auf Grund von

Metaanalysen kann der Schluß gezogen werden, dass lsoflavone bei leichten und

mittleren Wechselbeschwerden in der fruhen Postmenopause effektiv sind"

Gleichzeitig findet sich bei den zahlreichen an Menschen vorgenommenen klinischen

Studien kein Hinweis auf eine Risikoerhöhung für hormonabhängige Malignome oder

Schildd rusene rkranku ngen.

Das NADH ist eine körpereigene Substanz, die in der vorgelegten Galenik resorbiert

wird. Tierexperimentelle und toxikologische Untersuchungen zeigen, dass NADH in

der vorgelegten Dosierung keine gesundheitlichen Schäden hervorruft. Die
vorl iegenden kl inischen Arbeiten erlauben den Schluß, dass NADH in der
vorliegenden Form gegen Ermudungserscheinungen wirksam ist.


