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Dockets Management Branch, Food and Drug Administration, Department of Health and 
Human Services, Room l-23, 12420 Parklawn Dr., Rockville, MD 20857 CITIZEN 
PETTTION. The undersigned submits this petition under 2 1 CFR Part 10.30 of the Federal 
Food, Drug, and Cosmetic Act, the Public Health Service Act, or any other statutory 
provision for which authority has been delegated to the Commissioner of Food and Drugs 
(under 21 CFR, 5.10) to request the Commissioner of Food and Drugs to amend a 
regulation. 

A. ACTION REQUESTED 

Request 1. 

Update the Drug/Laboratory Test Interactions section of the prescribing information of 
all strengths of Premarin tablets (.3mg, .45mg, .625mg, 1.25mg, 2.5mg) to recognize the 
decreased levels of testosterone with oral estrogen use. The following wording would be 
appropriate: 

Replace: 
“Free or biologically active hormone concentrations are unchanged. 

With: 
“Free or biologically active hormone levels, i.e., testosterone, are reduced’ 

Request 2. 

List all known active components of Premarin in the description section of the 
prescribing information. 

Replace: 
“The conjugated equine estrogens found in Premarin tablets are a mixture of 
sodium estrone sulfate and sodium equilin sulfate. They contain as concomitant 
components, as sodium sulfate conjugates, 17 alpha-dihydroequilin, 17 alpha- 
estradiol, 17 beta-dihydroequilin” 

With: 
“The conjugated equine estrogens, androgens and progesterones found in 
Premarin are a mixture of estrone, 17 beta-estradiol, 17 alpha-estradiol, equilin, 
equilenin, 17 alpha-dihydroequilin, 17 beta-dihydroequilin, 17alpba- 
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dihydroequilenin, 17 beta-dihydroequilenin, delta-8-estrone, estradiene, 6 
identified but unnamed estrogenic compounds, 4 identified but unnamed 
androgenic compounds, and 5 identified but unnamed progestogenic compounds” 

B. STATEMENT OF GROUNDS 

Grounds for Request 1. 

Recently, while researching hormone replacement products, I found discrepancies in the 
prescribing information of Premarin. This is important because the inaccurate 
information may lead to deleterious outcomes. 

It is accepted that oral estrogens taken either for birth control or hormone replacement 
therapy significantly increase sex hormone binding globulin, SHBG (200%-300%). Even 
very low dosages (.3mg) can induce this binding protein significantly. It is also accepted 
that estrogen given transdermally has a minimal effect on increasing SHBG levels (3- 
10%). [ 1,2.3] 

There is a discrepancy in the description of how SHBG and free testosterone interact. 
The current information states that there may be an increase in SHBG, but that the bio- 
availability of testosterone, i.e. the free testosterone level, does not change. As the ratio 
of free to total testosterone is directly related to SE-RIG levels, this statement implies that 
there is a rise in total testosterone corresponding with the rise in SHBG. However, it has 
been shown that total testosterone does not rise when taking estrogens, either orally or 
transdermally.[4] If the SHBG goes up, but the total testosterone remains constant, the 
free or bio-available testosterone levels must decrease. The graph below (Fig. 1.) from 
‘ilssociutions among oral estrogen, free testosterone co~ncentration. and Iean body mass 
amo~lgpostnze~lopausa~ women” (Gower and Nyman, 2000) illustrates how the total 
testosterone remains level with oral estrogen use however the free testosterone level is 
reduced while SHBG is increased. 



. 

Figure 1 A. Serum Ez concentration (pmoUL) in users and nonusers of HRT ,*** PcO.01. B. Serum SHBG concentratmn (mnol/L) m  
usxs and nonusers of HRT, *** PCO.01 C Serum free T concentration (pmoUL) in users and nonusers ofHRT: *** P T 0 01 D. 
Serum total T concentration (nmoliL) m  users and nonusers of HR?‘: means were not sqgmnlficantly diffaent 

In ” Transde~mal Testosterone for Women: A New Physiological Approach for Anukogen 
lherapy” (2003), Mazer and Shifren discuss the effects of a testosterone patch as used by 
both pre and post menopausal women. They examine these effects without simultaneous 
estrogen therapy and in the presence of both oral and transdermal estrogen therapies. 
They conclude that “by markedly raising SHBG levels, the concomitant use of oral 
estrogen therapy increases the total and decreases the free concentrations of testosterone 
achieved with the testosterone matrix patch. Transdermal estrogen therapy does not alter 
SHBG concentrations and does not seem to influence testosterone levels in this way.” 

The prescribing information for Premarin states that there may be an increase in the 
serum level of SHBG. This is incorrect as many studies have shown that oral estrogen 
significantly increases SHl3G while transdermal has a minimal effect on SHBG. 

A problem may arise for patients using estrogen and testosterone supplementation 
together. When switching from an oral estrogen preparation to a transdermal one, the 
patient’s SHBG would drop significantly. Because the SHBG would no longer be 
artificially raised, continuing testosterone supplementation at the same dosage could 
cause the level of serum bio-available testosterone to rise to unacceptable levels. 

Androgen therapy is commonly prescribed along with estrogen replacement therapy. 
Therefore, accurate, consistent information for the prescribing physician must be 
available to prevent an adverse drug interaction. 
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Therefore, in accordance with 21 CFR 201.56 subsection (b), this side effect of Premarin 
should be listed in the label. 

Grounds for Request 2. 

The Chromatogram below (Fig 2.), from “CRecent insights into the varying activity qf 
estrogens,” (Dey, Lyttle and Pickar, 2000) identifies 17 known estrogenic components, 4 
known androgenic components, and 5 known progestogenic components of Premarin. 
Each peak has been identified as either estrogenic, androgenic, or progestogenic and 
appropriately labeled. As such the components labeled in the chromatogram would 
stimulate estrogen, androgen or progesterone receptors respectively, thereby making 
them active components of Premarin. All active components of Premarin should be listed 
in the description section of the prescribing information. 

Figure 2. Chromatogram that identifies the complex mixture of estrogemc (Q progestogenic (P) and androgenic (A) components of 
Pmnarin 

In the paper, the authors refer to Figure 2 which was produced using high pressure liquid 
chromatography/mass spectrometry. This graph “revealed not only estrogens but also 
androgens and progestins in Premarin.” Additionally, this paper introduces a new 
estrogen, estradiene, “the fourth most abundant estrogen in Premarin. It is present in 
amounts three times greater than that of delta (8,9)-dehydroestrone.” The authors go on 
to describe the potency of estradiene as very similar to that of delta (8,9)-dehydroestrone, 
a potent uterotropic component of Premarin. Wyeth-Ayerst Laboratories should be 
familiar with this data as the afore mentioned study was done by Wyeth-Ayerst Research. 

The components of Premarin are well studied and its components are published in many 
medical journals. 

Here is a partial list of papers which list the ingredients of Premarin products: 



1) “Hecent insights into the varying activity of estrogens”, 2000, Maturitas. Apr 1;34 
Suppl2:S25-33. 

1) 17 beta-estradiol 
2) 17 beta-Dihydroequilin 
3) 17 beta-dihydroequilenin 
4) 17 alpha-dihydroequilin 
5) 17 alpha-estradiol 
6) Es&one 
7) Equiilin 
8) 17 alpha-dihydroequilenin 
9) Delta8,9-dehydroestrone (DHES) 
10) Equilenin 
11) Estrndiene 

2) “Pharmacokinetics and Pharmaco@namics qf a Novel Estrogen Delta-&Estrone in 
Postmenopausal Women and Men”, 1998, J Steroid Biochem Mol Biol. Oct;67(2): 119- 
31. 

1) Equilin 
2) Equilenin 
3) Estrone 
4) 17 beta-dihydroequilin 
5) 17 beta-dihydroequilenin 
6) 17 beta-estradiol 
7) Delta-8 estrone 
8) 17 alpha -dihydroequilin 
9) 17 alpha -dihydroequilenin 
10) 17 alpha-estradiol 

This paper also includes the molecular structure of these compounds. 

3 ) “Pharmacokinetics and Pharmacodynamics of Conjugated Equine Estrogens: 
Chemistry and Metabolism”, 1998, Proc Sot Exp Biol Med. Jan;2 17( 1):6- 16 

1) Equitin 
2) Equilenin 
3) Estrone 
4) Delta-8-estrone 
5) 17 beta-dihydroequilin 
6) 17 beta-dihydroequilenin 
7) 17 beta-estradiol 
8) 17 alpha-dihydroequilin 
9) 17 alpha-dihydroequilenin 
10) alpha-estradiol 

4) “‘Biologic k@ects of Delta-8-Estrone Sulfate in Postmenopausal Women”, 1998, J Sot 
Gynecol Investig. May-Jun;5(3): 156-60. 
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1) Estrone 
2) 17 beta-estradiol 
3) 17 alpha-estradiol 
4) 17 alpha-estradiol 
5) Equilenin 
6) 17 alpha-dihydroequilin 
7) 17 beta-Dihydroequilin 
8) 17 alpha-dihydroequilenin 
9) 17 alpha-dihydroequilenin 
10) 17 beta-dihydroequilenin 

In this paper the following is list of ingredients of Premarin includes “the presence of a 
tenth ring B unsaturated estrogen component identified as delta-8-estrone now has been 
confirmed in Premarin. Delta-&El is the fifth most abundant estrogen component in 
Premarin and makes up approximately 3.5% of the total estrogen present in a Premarin 
tablet”. 

5) “Pharmacokinetics of Equilin and Equilin Surfate in Normal Postmenopausal Women 
andMen”, 1983, J Clin Endocrinol Metab. May;56(5): 1048-56. 

1) Estrone 
2) 17 alpha-dihydroequilin 
3) 17 alpha-dihydroequilenin 
4) 17 alpha-estradiol 
5) 17 beta-estradiol 
6) 17 beta-dihydroequilin 
7) 17 beta-dihydroequilenin 

Clearly more components are identified than are listed in the prescribing information for 
Premarin. 

In their 1994 citizen petition, Wyeth-Ayerst requested that DHES be listed as an essential 
ingredient of Premarin. They later amended their petition to have DHES be listed as an 
essential active ingredient. To date, this petition has not been acted upon. In 1996, at the 
request of the Chairman, Subcommittee on Oversight and Investigations, House 
Committee on Commerce, the Of&e of the Inspector General (OIG) of the Department 
of Health and Human Services investigated the handling of this petition. In the summary 
report, “Review of the Food and Drug Administration ‘s Handling of Issues Related to 
Cortjugated Estrogens (A-15-96-50002)“, the OIG concluded that DHES was in fact an 
essential and active ingredient of Premarin. 

Therefore, in accordance with 2 1 CFR 20 1.100 subsection (b)(Z), these 2 1 other 
components (12 estrogenic, 4 androgenic, 5 progestogenic) must be included on the 
labeling along with their relative percentages. 
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C. ENVIRONMENTAL IMPACT STATEMENT 
No environmental impact statement is required for this petition under 21 CFR 

25.30 subsection k. The proposal is for a labeling change that does not change the level 
of use or the intended use of the product. 

D. ECONOMIC IMPACT STATEMENT 
No economic impact statement has been requested. 

E. CERTIFICATION 
The undersigned certifies that, to the best knowledge and belief of the 

undersigned, this petition includes all information and views on which the petition relies, 
and that it includes representative data and information known to the petitioner which are 
unfavorable to the petition. 

Sk!- L Signature 

Beth Rosenslhein 
15 149 SE 48& Dr, Bellevue, WA 98006 
(425) 603-0793 

Encl. 

1. Fahraeus L, Larsson-Cohn U., 1982, Oestrogens, gonadotrophins and SHBG 
during oral and cutaneous administration of oestradiol-I 7 beta to menopausal 
women., Acta Endocrinol (Copenh). Dee; 10 l(4): 592-6. 

2. Serin IS, Ozcelik B, Basbug M, Aygen E, Kula M, Erez R., 2001, Long-term 
efkects of continuous oral and transdermal estrogen replacement therapy on sex 
hormone binding globulin andfree testosterone levels., Eur J Obstet Gynecol 
Reprod Biol Dee 1;99(2):222-5. 

3. Slater CC, Zhang C, Hodis I-IN, Mack WJ, Boostanfar R, Shoupe D, Paulson RJ, 
Stanczyk FZ., 2001, Comparison qf estrogen and androgen levels after oral 
estrogen replacement therapy., J Reprod Med. Dec;46( 12): 1052-6. 

4. Gower, BA, Nyman L., 2000, Associations among oral estrogen use, free 
testosterone concentration, and lean body mass among postmenopausal women., 
J Clin Endocrinol Metab. Dec;85(12):4476-80. 

5. Mazer NA, Shifren JL. 2003, Transdermal testosterone for women: a new 
physiological approach for androgen therapy., Obstet Gynecol Surv. 2003 
Jul;5!3(7):489-500. 
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6. Dey 1-n Lyttle RC, Pickar JH., 2000, Recent insights into the varying activity of 
estrogens., Maturitas. 2000 Apr 1;34 Suppl2:S25-33. 

7. Bhavnani BR, Cecutti A, Gerulath A., 1998, Pharmacokinetics and 
Pharmaco+tamics of a Novel Estrogen Delta-a-E&one in Postmenopausal 
Wornlen and Men., J Steroid Biochem Mol Biol. Oct;67(2): 119-3 1. 

8. Bhavnani BR., 1998, Pharmacokinetics and Pharmacodynamics of Conjugated 
Equine Estrogens: Chemistry and Metabolism., Proc Sot Exp Biol Med. 
Jan;Z!17(1):6-16. 

9. Bhavnani BR, Cecutti A, Dey MS., 1998, Biologic Eficts of Delta-8-Estrone 
Suljate in Postmenopausal Women., J Sot Gynecol Investig. May-Jun;5(3): 156- 
60. 

10. Bhavnani BR, Woolever CA, Benoit H, Wong T., 1983, Pharmacokinetics of 
Equilin and Equilin Sulfate in Normal Postmenopausal Women and Men,, J Clin 
Endocrinol Metab. May;56(5):1048-56. 

11. Office of Inspector General. 1997 Review of the Food and Drug Administration ‘s 
Handling of Issues Related to Conjugated Estrogens (A-15-96-50002) 

12. Prernarin Prescribing Information (2003) 



Acfa E?docrlnologlCa 1982.101 592-596 
- 

Oestrogens, gonadotrophins and SHBG during oral 
and cutaneous administration of oestradiol- 178 

Abstract Thtrty-ctght post-menopausal women were 
randomly allocated to 6 months of treatment with either 
‘2-4 mg of micronized ocstradiol-178 taken orally or S 
mg of ocstradiol-17s applied cutaneously. The plasma 
concentrations of oestronc. mrrrdiol. LH. FSH and XX 
hormone binding globulin fSHBC! wcrc determined 
twice before and after 2.4 and 6 months of treatment. 
In #borh groups the clinical effects were sattsfactory. 
During treatment the mean ocstradtol lcvcls showed 
stmilar increases in the two groups while the ocstronc 
conccntratton was markedly raised only among those 
taking ocstradiol orally. The mean LH and FSH conccn- 
trattons were significantly lowered in both groups. SHBC 
was increased with both treatments although more 
marked in the group on oral medication. Doubling of the 
oral dose from 2 mg to 4 mg gave significant changes of 
the LH. FSH and oestrone concentrations. 
Thus. in the given doses, the two routes of administration 
seemed to have similar effects on post-menopausal 
symptoms and on the plasma concentrations of gonado- 
trophins and ocstradiol However the plasma ocstrone 
and SHBG levels became significantly higher during the 
oral than during the cutaneous treatment 

Oestrogens are comrn.;:... -+d for reliefof climac- 
te ric vasomotor syrr.~< : ~5 The hormones are 
usually given orally but have also been adminis- 
tered intramuscularly or vaginally. One reason for 
non-oral adminisftation is to avoid the first liver 
passage of the drug. This should diminish the 
influences on various liver enzyme systems and 
thus reduce the metabolic side-effects of oral ad- 

Reprints requests: L Fihracus. Dept. of Obstetrics and 
Gynaccology. University Hospital, S-58 185 Lmkoping, 
Sweden 
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applied oestradiol elevates the plasma levels o( Jnd o,, thc T ,, 
oestrogens (Whitehead et al. 1980; Lyrenas et al h The medtan 
1981). Therefore cutaneous oesttadiol is one alter. ment sampl,ng 
native when oestrogen substitution is indicated, 7 

mormng I c  
The aim of the present investigation was to t,oo After ccr 

compare the effects in post-menopausal women of unul ao.thzco 
oral and cutaneous administration of oestradl,jl on The yerum 
the plasma levels of oestrone. oestradiol. LH t>H mcas” d K”~ 
and sex hormone bindtng globulin (SHBG) 

’ Ocsrronc and 

Subjects 
Material and Methods 

Thirty-eight post-menopausal women scckmg tllcd~a~ 
advice for climacteric symptoms agreed to parttc~,~.~~r tn -~ 
the study. All had LH and FSH lcvcls tn the post. Oesr  roar 
menopausal range and none had taken any hormonal ’ 
preparation during the 3 months prior to the stud! 
Three women had been hystercctomtred and one had 
been bilaterally oophorectomtzcd scvcral years bcforc 
the start of the investiganon. All other women had Oestradlol 
experienced a natural menopause. The mcdtan .~gc of 
the participants was 52 years (range 42-58 years) 

Before and during the trial 7 of the womett wcrc ‘ 
treated with one or two of the followmg drugs tncyclic 
antidepressive drugs, analgctics, thiazidcs or beta-block. 

Et/E, ratto 

ing agents. None of the other 3 I subjects took any drug 
regularly and all constdcrcd thcmsclvcs healthy No 
participant had clinical or laboratory signs of cndocrtoc _ 
hepatic or renal disease All women gave thctr mformcd./ E, = ,~csIro,,r 
consent to the study which was approved by the Fthlca’ 
Committee of this hospital 

The women were randomly allocated to 6 months 0’ 

I 

Be ~lgnlficanc 
Pre-1 catmrnc 
nhk ,“m ,csl a 

cyclical treatment either with mlcronncd oestradnol-17p .$ym~ls . = , 



---- 
;dr,, <l~ol. \OL’() .A:%. Copcnhagcn. Denmark) [aken 

i’ + r,r;lll. ~,r wlrh ~ulancoutl\ admlnwered oerrradml- 178 
,@:J, II&+ ~.aboralo~res Bcs~ns Isco\~s~o. Pans. France) 
rhe dally urdl dose was 2 mg during the first 4 months, 

‘,hereaflcr the dose was Increased to 4 mg, Cutaneous 
,rcaLmcnt was gtvcn wth 5 g of a gel conraInIng 3 mg of 
oertradlol The gel was applicatcd over an abdominal 
lrca of about 750 cm* The patients wee Instructed 

)I-al t&e thclr ocsrrogen at bedtime Every fourth week was 

3 Ire;~tr*wnt-free Three subject on oral treatment wcrc 
&II cd frnm the study after 4 months as they did not 

I 

Igrcc LO ~n~re.ase the ocstrogcn dose to 4 mg and one 
,,.01n:an wlthdre\q from the trial after 2 months because of 
,,suffwenr (l~n~cdl cffcrts of the mcdlc,+twn In the 
cu(:lnenus grc,up ‘? p,tt~ents lcfr the 5ludv alter 2 and 4 
Inonthb. rcspec ~~\civ. ac they found rhc method Inconve- 

iF?i fllClll 

1 19821 (.uLlllcol,\l~ 

the plasma level\ of 

I 1980. Lvrenas ct al 

oestradlol IS one alter. 

tut~on IS tndlcated. 

Investlgatlon was to 

menopausal women of 

rauon of oestradl<jl on 

<. oestradlol. LH. 1’111 

,bultn (SHE?&) 

r 

\f[r: .he parwnrs had lasted overnlghr blood samples 
ufcrc tdhcrl on Itso separate occasI011s bcforc trcatmcnl 
and on the 2 1st or 22nd day of treatmen cvclcs 2. 4 and 
b l‘hc median ttmc Interval between the two prc-trcat- 

merit samplmgs was 2.5 days. The blood was drawn In the 
morning 1 e IO- I2 h after the latest drug admimstra- 
t~on After ccntrlfugation serum was stored at -18’C 
until analyzed 

T’ wrum levels of oestronc and oestradiol were 
mea. red wrh a radlolmmunologlcal tcchnlquc wlthoul 

prior purlficatlon (Edqwst X loh.ln5ron 1472, AY~ISVIII 
et al 1978) In [he radlolmmunwlssav r)l oes~~-.~I~ol the 
cross-rcacoon wnh oestronc was 10 per cem The II~II OI 
scnsltlwty for ocstronc and oesrradml was 40 pmol/l 

The serum conccntrauon oL SHB<: WAS dcrermlncd d\ 
dihydrotcsrostcronc bindlng capackrv rls dcscrlbcd b\ 
Rosncr ( 1972) The hmtt of scns~tlvuy was IO nmol/l 

Serum concentrations of 1.H and FSH were dcrcr 
mlncd by double antibody radIoImmunoassay (~rcen- 

wood et al. 1963) as dcsc&ed In an carllcr pap” 
(larsson-Cohn et al. 1977) 

The ocstronc. ocstradlol and SHB(; analvws \\e~t 
performed by E D B. Johansson. Uppsala and th,- 
detcrmlnarlons of L.H and FSH hv I\ Kdgedal. Dep.~rt 
men, of Cllnlcal Chemwrv 

The partlclpancs were Intervlcwcd rbou~ thclr \\ mp 
tomatology by one of us (1. F ) hetore treatment A& AIICI 
2.4 and 6 months of mcdlcatlon 

Statvtus :. 
Ocsttone, ocstradwl and SHBO levels below the II~II 01 
scnslttiwty were consldcrcd zero The slgnlficanccs o( 
differences during treatment wthln groups wcrc~udgcd 

by the Wilcoxon rank sum test and by the palred ,-tc,l 
Comparisons between the groups were Judged b\ the 
Mann-Whitney U test. The statlstlcal calculanons were 
performed by a computer cmploylng the SPSS-svsrcm 
(Statistical Package for the Social Sclcnccs. Un~vers~lv 01 
Plusburgh). 

Tabtc I 
; Ocs,tronc and ocstradiol levels (pmol/l) In serum bcforc and durmg treatment wth oral and cutaneous ocsrradlol- lip 

Methods 

women seeking mwllcal 
s agreed 10 partlclp.lrc’ in 
FSH lcvcls I” the p,w. 

,lad taken any hornwnal 
nrhs prior LO rhe studs 
r-cccomlzcd dnd one had 
/cd scverrll ycdrs bcfnrc I 

All orhcr womc,, had 
(“SC The mcdlrn <,~c ef 
ngr 42 -58 years) 
I 7 of the women wrc ; 

Months of mcdlcatlon 
Prc-treatment 

2 4 6 
- 

Oeslronc oral mean f so 243 -+ I36 2782 + 3097*** 1988_+ llIl*** 3688 2 2539”’ 
mcdlan 205 2000*** 1950*** 37508.’ 

C’S: mcclr: * SL‘ L’!! -c 132 791 2 599*** 647 k 4481” fllfi * 2fi6”’ 
mcdtan I58 675.” 463*‘* 550**= 

Oestradml oral mean + St) 191 + 164 563 k 36l*** 435 f 283” 601 + 462” - 
median 166 463*** 520.’ 530’ 

cu1 mean + so 178+241 643 -+ 471’** 555f 431” 534 + 4178. 
median I15 495”’ 348’. 400** 

folIowIng drugs I~KYCIIC El/El ratto oral mean It SD I IO It 0.25 3.83 k I go*** 4.03 * 2 13”’ 5 32 -r 2 76”. 
T thlazldcs or bcta-block- . median 0.98 3 45.8 3 33** 4 t4*9 
1 I SubJccls rook rny drug cut mea* * so I .26 + 0.65 1 32 +- 0.44 1.27 3~ 0 34 I32 f045 
rhcmselves healthy NO median 1.00 I 24 1.29 I.26 
310~ signs of endocrlnc. 

mcn gave ‘he’r Informed ’ El = oestronc, EI = oestradiol. 
dpprovcd b) the Ethd T,, I stgnlftcanccs of the mean differences after 2.4 and 6 months of mcdicauon were compared to the mean of Ihe IWO 

dllocated 10 h month> Of 

/ 

pry treatment dctermlnations and wcrc tested by the palred ~-test The diffcrcnccs WCFC dlw tested bv the W~ltortoll 

IK ronlzed ocsrradtol- I78 
ranh sum test and these results are presented in connectton wth the mcdlan values 
~~~~~~~~ l =p<oo5; l *=P<o.ol: l **-P<OOOl 



1-H .and FSH levels (IU/I) and SHBG levels (nmol/l) 111 serum before and during rrcarmcn[ with oral and cu:ancotrs 
ocstradiol- 178. 

Prc-treatment 
Months of medicauon 

2 4 6 

1.H oral mean f SD 13.1 * S.8 10.8 * 4.5. 12.1 f 5.0 962 ‘31*** 
median 12.5 9.5’ 11.0+ 9.7”’ 

cut. mean f sr~ 1442 47 IO I f 3.9** 10.9 f 4.0** II 6 + 36** 

median IJ 5 9.3+* 11.0** 12.01 

The effecL% of / 
The raise of 
mg dally re 
oectrone. LI 
[b levels of 

FSH 

SHBC 

oral mean + sn 44.8 + 18.5 27.5 -+ 15.5*** 30.4 f 13.5*** 24 7 IO 2 9*-v 

median 42 0 25.5*** 29.5*** 22.3*** 

Cut mean k SD 48.2 + 19.6 27.8 t 16.4*** 30. I * 15.0”. 30.8 k 14 I*** 

median 51 O 24.0*** 25.0*** 27 O** 

oral mean + sty 28.6 f 13.4 37.0 + 22.7 49.5 k 14.2’;’ 55 I k 25.0” - 

mcdlan 29 0 38.0 49.5+** 60 0’. 

Cut mean + SD 20 4 + 15.8 28.1 It 14.1 3O.%k 16.51 31 7 + 18 I*- 1 
median 17.5 28.5. 30.0** 34.0’. 

1 
Signs and symbols as in Table I 

Chical effect.9 
Results 

The main complaints of the participant before 
treatment were hoc flushes and sweats. Al! women 
except three were either free of symptoms or had 
their symptoms significantly reduced at all creac- 
menc Intervals. Two women in the oral group, of 
whom one withdrew from the study, and one 
woma.n in the cutaneous group reported inade- 
quacy of clinical effects at the 2 months control. 
Before treatment the mean menopausal index of 
Kupperman (Kupperman et al. 1959) was 23 in the 
oral and 22 in the cutaneous group. After, rcspec- 
Lively. 2, 4 and 6 months the mean menopausal 
indexes were 12, 9 and 6 in the oral md 9. 5 and 4 
in the cutaneous group. The indexi- by-c rignifi- 
cancly reduced (P < 0.001) in hnth pnups at all 
treatment intervals. No significant differences 
between the groups were observed. 

Oestrogem (Table 1) 
Before medication the mean oescrone levels in the 
two treatment groups were comparable. In the oral 
group the oescrone increased about IO-fold with 
the lower dose and 15-fold with the higher dose. In 
the group on cutaneous oescradiol the mean 
oescrone concentration rose 3-4-fold. During 
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medication the oral group had significantly higher ; 
oestrone concentration (P C 0.001) than that I,” 
cutaneous treatment. 

The mean plasma oestradiol concentration 
increased 2-3-fold in both groups. The oestradiol 
levels in the two groups did not differ before or ’ 
during medication. 

As a consequence of the pronounced rise of 
oestrone in the women on oral treatment the m~,ln 
oescrone/oescradiol ratio increased from I. IO IO 
5.32 at the 6 months control while the ratlo re- 

mained essentially unchanged in the subjects on 
cutaneous oescradiol. 

I 

SHBG (Table 2) 1 

The mean pre-treatment concentrations of SHRG 
were not significantly different between the IWO ( 
groups. During medication the SHBG levels rose III 
both groups. However,  during treatment the 
SHBG levels were significantly higher in the oral , 
than in the cutaneous group. 

I 

effective (C, 
seems I0 be 
present stud 
pre-trearmel 
participant5 
II ely relieve 
pJ>slble to ( 
chnlcal effec 

The maJo 
oescrone In 
Engei 1953) 
than oestrac 
al 1981) wt 
1 he mean s 
c~lnslderably 
mensrrual cl 
rately elevac 
neous rrcaln 
the oral grc 
high oestron 

The mear 

a:ter the ho 
tlie two [rear 
As oestradlc 
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The mean pre-treatment concentrations of LH and 
FSH did not differ between the groups. During 

medication the mean concentrations of LH and 
FSH were significantly and comparably lowered 
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Discussion 

Adequate doses of oestrogens have good clinical 
effects on vasomotor symptoms e.g. hot flushes and 
sweats (Utian 1972; Campbell 1976). Although it 
h. been found in short time studies that even a 
pi.,cebo may be beneficial (Utian 1972; Campbell 
1976; Albrecht et al. 1981) oestrogens are more 

efl‘ectrve (Campbell 1976). The clinical response 
seems to be dose dependent (Utian 1972). In the 
present study hot flushes and sweats were the main 
pre-treatment symptoms. With few exceptions the 
participants of both treatment groups were effec- 
tr aely relieved from their complaints and it was not 
pussible to establish any significant difference in 
climcal effectiveness between the two treatments. 

The major part of oral oestradiol is converted to 
oestrone in the gastrointestinal mucosa (Ryan & 
Engel 1953). This results in higher plasma oestrone 
than oestradiol levels (Yen et al. 1975; Lyrenas et 
al 198 I) which was verified in the present study. 
l“le mean serum oestrone concentration became 
curtsiderably higher than during the ovulatory 
menstrual cycle (Guerrero et al. 1976). The mode- 

rately elevated oestrone levels during the cuta- 
neous trearmenr were in sharp cuntrast to those in 

the oral group. The clinical significance of such 
high oestrone levels is unknown. 

The mean serum levels of oestradiol IO- 12 h 
alter the hormone administration were similar in 
the two treatment groups at all sampling occasions. 
AS oestradiol has higher affinity than oestrone to 
oestrogen receptors (Whitehead et al. 1981) it is 
difficult to determine which of the two groups was 
subject to the greatest total oestrogen stimulation. 

The SHBG capacity reacts differently to dif- 
ferent sex steroids (Anderson 1974) and has been 
u .ed as an index of the oestrogenicity of sex 
hormone therapy (Pogrnore & Jequier 1979; 
Odlind et al. 1980; Larsson-Cohn et al. 1981). In 

this trial both the oral and the cutaneous oestradtol 
ratsed the SHBG although the oral route gave .r 
more pronounced Increase than the cutaneou\ 
admintstration. The dtfferent effects on the SHBG 
levels might be explained by the fact that the rtse of 
this plasma protein probably IS a consequence of 
oestrogen induced changes m the hver funcuon 
Therefore cutaneous oestradiol which reaches the 
peripheral circulation without ftrst passmg the ltver 
probably induces less SHBG syntheses than does 
the oral route. This is in agreement wtth our recent 

observation that cutaneous compared to oral 
oestradiol has less influence on the syntheses 01 
other plasma proteins (unpuhltshed data) 

Post-menopausal oestrogen treatment depre\se\ 
the serum gonadotrophtns although wtth corn- 
monly used doses LH and FSH usually do not 
reach the pre-menopausal range (Bolton et al 
1975; Larsson-Cohn et al. 1977; Uttan et al 1978) 

The results of the present study confirmed these 
observations. The fact that 4 mg of oestradtol 
depressed the gonadotrophins more than 2 mg 
agrees with the results of other investigations show- 
ing that the reduction of LH and FSH depends on 
the potency of the given oestrogen (Bolton et al 
1975; Larsson-Cohn et al 1977: Uttan et al 1978) 

The mean reductions of gonadotrophms in the two 
groups were not different at any treatment tnter- 
val. This suggests that 3 mg of cutanenous 
oestradiol is at least as potent as 2 mg of oral 
oestradiol. 
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I Abstract 

I 
i 

Objccrivc: To dclCrminc the long-lerm cffccts of estrogen replacement therapy on sex hormone binding globulinc (SHBG) and free 
~estostcrone (fT) lcvcls in surgical postmenopausal women S&y Llesign: Forty patients with surgical menopause were enrolled in this 
prospective study. The women were randomly divided into two groups. The first group received oral therapy (continuous conjugated equine 

1 
estrogens (CEE) - 0.625 mg per day) and the second group xceived transdcrmal therapy (patches delivering continuous 17~estmdiol (E2) 
- 0.05 mg per day). Strum SHBG and fl levels were determined at baseline and after first and second years of treatment. -o-way 

I 
I repcatcd measures analysis of variance with Bonfcrroni adjusted post-hoc test and unpaired-r-test were performed for statistical analysis 

/ with SPSS program ResuB: Serum SHBG levels increased aigniiican~ly with oral CEZ after first year of t~~ltment (P < 0.05) md 
/ remained at this level for the next year. Transdermal therapy did not affect SHBG levels after first and second ycan (P < 0.05). Serum IT 
I levels did not change significantly in either group at the 4 of the fkat or second years (P c 0.05) although there was a significant 

! difference bctwccn lhc groups after 2 years (P < 0.05). Conclusion: Oral conjugated estrogens increased SHBG levels during therapy. This 
I cffcct may balance the increased estrogen and androgen stimulation on breast tissue and may be more beneficial lo the cardiovascular 

! system in postmenopausal women. Q 2001 Else&r Science Irclond Ltd. All rights reserved. 

Kcywonfs: EUrogcn replxcnlen~ lhuapy (ERT); Free ~cnos~cronu (ff): Sue hormone binding globulin (SHBG) 

1. Intrnduction 

? Postmenopausal estrogen replacement therapy (ERT) 
! decreases the risk of cardiovascular disease (CVD) and 
I / osteoporosis [ 1.21. However, recently. circumstantial evi- 
I 1 dence has indicated a causal relationship between ERT and 

breasr cancer development in long-term u.sers [3,4]. 
Monitoring some biologic markers which are known to 

be associated with some risk factors of b&St cancer and CVD 
may be beneficiai in women receiving W. Sex hormone 

I binding globulin (SHBG) is a plasma glycoprotein with a high 

I binding affinity to fnc sex steroids particularly free testoster- 
one(ff’) and a loweraffinity toestradiol [S]. SHBG has shown 

i 
to be associated with some risk factors of CVD. A protective 
effect on breast tissue has been found by increasing levels 

of SHBG and it has also been shown that high levels of 
biologically active testosterone, free testosterone, is asso- 
ciated with the increased risk of breast cancer and CVD 
[6-g). We think that it will be useful to determine these 
marken which have been found to be related with breast 
lancer and CVD. It has been shown that ERT incrmses the 
cstradiol levels [ 1.2). However, the long-term effects of ERT 
on Stand SHBG are as yet unproven. We are unaware of mY 
published study which compares the long-tam effects of 
continuous transciermal and oral ERTon SHBG and ff levels. 

This study was designed to assess the effects of tt-ansdu- 
mal and oraI ERT on SHBG and PT levels in surgical 
menopausal women in a 2-year period. 

2. Materials and metJmds 
I * Corresponding author. 

.!hfdl 0ddrerre.r: stinQcrcrycs.cdu.tr, scr&mcrin@ho~mil.com This study was pcrfomed at the Menopause Clmic Of 
(IS. kin). Erciyes University Hospital between January 1998 and July 

nM’-Z1 15101/5 - WC tionf malter 0 7,001 Elscvicr Science lrclnnd Ud. All righrr nerved 
P’l ~0301-2115(01)00~9~~(-J 
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TabJC 1 
SU hormone binding globolinc (SHBG) levels (nmobl) of gmoup 

-ps N Baseline Fint year 

Oral lb-pY 20 38.6 f 29.0 74.4 f 56.2’ 
~,-msctermal therapy 20 42.1 f 23.4 41.1 f 22.4 

’ Significantly diffcrcnt from bowline (column 4) and wanskrmal therapy group (columns 4 and 5) (P c 0.05). 

scwnd ycsr 

89.3 f 57.5’ .’ 
44.1 * 2s.l 

” Signifrxntly diffcrcnt from bawlme (P < 0.01). 

2t)OO. Our study was approved by the Institutional Review 
Board of Erciyes University Hospital. Fiy premenopnusal 
patients aged 40-44 (mean 45.0 f 2.07) undergoing hyster- 
ectomy and bilateral salpingo-oophorectomy for benign 
conditions were enrolled in this prospective study. Each 
patient was free from any other disorder including hyperten- 
sion, liver disease, diabetes mellitus, thromboembolism. or 
history of alcohoi abuse or smoking. At the beginning of this 
study, the patients were mndomly assigned into two groups, 
each consisting of 25 patients. The first group received 
ansdermal estradiolO.05 mg per day continuously (CIBA 
Pharmaceutical Co., Summit, NJ), and the second group 
received continuous oml conjugated estrogen 0.625 mg per 
day (Premarin; Ayerst Laboratories, New York, NY). ERT 
was started 1 month atIer surgery. Seven patients who did 
not turn up for follow-up visits, and three patients with skin 
reactions were excluded from the study. A total of 40 
patients, 20 in each group completed the study. For ethical 
reasons, symptomatic women were not included as a control 
group in our long-term study. 

Blood samples were taken at baseline before thempy and 
after first and second years. Blood samples for ff and SHBG 
assay were obtained by veinpuncture between 07.30 and 
11 .OO h after a compulsory 12 h fast, and the plasma was 
separated and frozen at -70°C until assayed. SHEtG (Orion 
Diagnostica, Espoo, Finland) levels were determined using 
immunoradiometric assay (IRMA) method and fT (Diag- 
nostic system Labomtories. TX, USA) levels were deter- 
mined using mdioimmunoassay (RlA). The sensitivity and 
the intra- and inter-assay coefficients of the variation of the 
assays used were, respectively. as follows: SHBG. 0.5 nmoll 
1, 4-5.5 and 3.3-6.996, and fme testosterone, O.lSpg/ml, 
3.7-6.2 and 7.3-9.7%. 

Two-way repeated measures analysis of variance with 
Bonfetroni adjusted post-hoc test and unpaired-r-test were 
performed for statistical analyses with SPSS program. The 
values are expmsscd as mean -f S.D. P < 0.05 was defined 
as statistically significant. 

3. Results 

The mean ages were 45.0 f 2.0 and 44.9 f 2.1 years, 
BMI values were 24.8 It 3.9 and 24.3 f 3.3 kg/m’ in the 
tmnsdermal and oml therapy groups, respectively. There was 
no significant difference between the two groups in terms of 
mean age or BMI before thempy (P < 0.05). 

Table 2 
Free tcruutcrone (fT1 levels (pdml) of groups 

Gmupz N Bascliru Firs1 year Second par 

Oral therapy 20 1.6 f 0.8 1.0 f 0.6 1.0 * 03 
Tmnsdamd therapy 20 1.4 f 0.7 1.1 f 0.6 1.4 f 0.6’ 

l Signniticanlly diffcs=nt’from oral therapy group (P < 0.05). 

The serum SHBG levels of the two groups are shown in 
Table 1. There was no significant difference in SHBG levels 
between the groups at the onset of trial (P < 0.05). whereas 
we found a significant difference after the first nnd second 
years of treatment (P < 0.05). The SHBG levels increased 
signiticantly with oral estrogens (P < 0.05) after the first 
year. although no significant difference was found between 
the first and second year values of SHBG in oral thempy 
group (P < 0.05). Tmnsdermal therapy did not affect SHBG 
levels in the 2 years (P < 0.05). 

The fT levels are given in Table 2. While there was no 
significant difference between the groups before treatment 
and after the first year of trial (P < O.OS), a significant 
difference was found at the end of the second year of therapy 
(P < 0.05). Changes in ff levels within the groups were not 
significant aher first or second years (P < 0.05). 

4. Discussion 

While use of hormone replacement therapy effectively 
alleviates menopausal symptoms and prevents osteoporosis 
and cardiovascular disease, there is concern that it has a 
detrimental impact on breast cancer risk. Some epidemio- 
logic studies indicate tbat long-term therapy is associated 
with a slightly increased risk of developing breast cancer 
[3,4]. It has also been found that the current use of hormone 
replacement therapy lowers the efficacy of screening for 
breast cancer [91. Recently, The Heart and Estrogen/Pro- 
gestin Study (HERS) group found no overall effect of 4.1 
years of therapy with estrogen plus progestin on secondary 
prevention of coronary heart disease in postmenopausnl 
women [IO]. Because of these diffetcnt effects, it seems 
necessary to evaluate the risk/benefit ratio of ERT for each 
patient individually. The cardioprotective effects of ERT has 
been shown in seven1 studies, but the long-term effects of 
ERTon risk factors such as SHBG and tT in cardiovascular 
system and breast tissue arc not well established. 
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the association of breast cancer and cardiovascular dis- 
ease with several risk factors stich as androgen levels and 
android obesity has bu:n discussed in several StUdiCS 
[ 11.121. Androgens have been hypothesized to increase 
breast cancer risk, either directly by increasing the growth 
and proliferation of breast cancer cells, or indirectly by their 
conversion to estrogens [ 13-151. It has also been shown that 
androgen excess may be a signal of increased risk of 
coronary artery disease [ 161. 

Android obesity is associated with an increased aroma- 
tization of androgcns and decreased levels of SHBG, result- 
ing in an increase in fmt. biologically active, sex steroid 
concentrations [ 12.17). We  think that the similar BMI values 
of patients in both groups at the beginning of our study has 
eliminated the difference in androgenic aromatization. 
SHBG has be-en shown tobe associated with some tiskfttctors 
of cardiovascular disease. it is usually positively comlatcd to 
high density lipoprotein cholesterol (HDL-C) lcvcls, and 
negatively to insulin and triglyceride (TG) levels in postme- 
nopausal women [18,19]. SHBG is an index of androgenism 
in women and of insulin resistance in both sexes, and might 
be useful in prediction of cardiovascular risk [20]. 

Different routes of ERTadministration and their effects on 
cardiovascular system and breast tissue remain to be the 
subject of investigations. ‘The hepatic metabolism of oral and 
transdermal compounds is different - oral estrogens pro- 
duce marked hepatocelluIar effects, such as increased serum 
levels of sex hormone btnding globuline which could par- 
tially counterbalance the unfavorable effects of estmgen 
stimulation on breast tissue [21]. Although higher estrogen 
levels may have both beneficia1 and adverse effects, redu- 
cing the levels of endogcnous estrogens may be a promising 
means in the prevention of breast cancer. Increasing levels of 
SHBG with oral ERT may also have beneficial effects on the 
cardiovascular system by reducing free testosterone levek. 
On the other hand, low circulating bioavailablc testosterone. 
androgen deficiency, may cause low libido. Testosterone 
replacement therapy results in significant improvement in 
symptomatology and hence the quality of life for majority of 
women [22]. 

Transdermal estrogens have only been used for a few 
years and it is unknown whether this route of administration 
may produce different effects on breast cancer risk when 
compared to oral estrogens. However, it is well established 
that transdermal therapy has cardioprotective effects by 
lowering triglycerides. and total and LDL cholesterol levels 
l23.241. Crook and Stcvcnson (251 concluded that transder- 
ma1 monotherapy neither increased nor decreased HDL-C 
levels. Nieto et al. [26J reported a significant increase in 
HDL-C levels with continuous transdermal estradiol 
0.05 mg per day and dydrogesterone 10 mg per day (days 
15-28) after 6 months. It seems that oral dydrogatemne 
affects lhe hepatic metabolism which causes favorable 
changes in HDL-C levels. We  were not able to find any 
study which evaluates the long-term effects of transdermal 
estradiol on hcpatic pmteins, especially SHBG levels. 

In this study, our aim was to assess the long-term effects of 
ERT on SHBG and ff levels which were found to be risk 
factors of breast cancer and CVD in surgical menopausal 
women. In a study carried out at our institution, Bagbug et al. 
1271 report& that oral conjugated estrogens increased 
SHBG levels in 22 weeks, whereas transdermal estmgen 
had no effect. Obel et al. [28] determined a significant 
increase in SHBG levels with oral 2 mg oestradiol and 
1 mg norethisterone acetate (NETA) in combined and 
sequential therapy. In the study of Pedcrsen and Jensen 
[29]. SHBG and lipid levels were shown not to change with 
transdemla10.05 mg per day twice a week plus 10 mg oral 
medroxyprogesterooe acetate (days 12-25) after I year. 

in our study. SHBG levels increased with oral therapy at 
the first year which confirms other studies and these levels 
remained the same after second year of treatment. Trans- 
dermal therapy had no effect on SHBG levels after first or 
second years. It seems that d&ation of transdennnl therapy 
does not affect hepatic metabolism. While fT levels did not 
change significantly within the groups, there was a signifi- 
cant difference in fT levels between the groups after 2 years. 
We  think that it may be possible to describe this difference 
between oral and transderrmtl therapy with long-term stu- 
dies. Further studies are needed to determine the relationship 
between BRT and risk factors of breast cancer nnd CM. 

In conclusion, increasing levels of SIiBG with oral ther- 
apy may have a balancing effect on bmst tissue and this 
tnzatment may also be more beneficial to the cardiovascular 
system. 
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i n t roduc t ion  

ora l  es t rogens have  b e e n  ut i t ized for es t rogen  re  
p lacement  therapy (ERT)  for m a n y  years  by  mi l -  
l ions of pos tmerqausa l  w o m e n  (EMW) .  M u c h  is 
lawwnabout thebene%a. le f fec tsofes t rogen, in -  
c lud ing i tsbeneJic ia le f fectsofdeaeasiqcard& 
vascular  d isease, l~  osteoporos is ,3  gen i tourmary  
symp toms4  a n d  sen i le  d e m e n tia.sDespite this vast 
lmow ledge  of es tmgen ic  effects of ERT,  relat ively 
little is k n o w n  abou t  the effect of l ong -s tandmg use  
of E R T  o n  the e & o g e & - a n d r o g e n i c  mi l ieu.  W e  n +  
cent ly repor ted  that du r ing’o n e  a n d  on&a l f  years  
of t reat ient wi th ora l  estml id (Bz)  in  P M W , there  
isaccumula t iono f~ leoe lso fEaandest rone 
t3dfate (E,S) .6 ora l  e z e o g e m  e levate  ae!x b o d e -  
b ind ing  g lobu l in  IeveJs (SHBG) ,  caus ing  dec reased‘ 
f ree testosteione levr4s. Thuq,  i n a e a e d  wdrog fd -  
c i tydur ingyearsofora lERTmayleadtoasta teof  
b ioava i lab le  testosterone def i&ucy.  

Poss ib le  effect3 of dec reased  & & & z o n e  inc lude 
osteoporosis ,  musc le  wast&g,  anergy ,  dec reased  li- 
b ido,  dec reased  sense  of we l l -be ing  a n d  depress ion  
There isp romiseo fanar rayo fan+0gensupp le -  
mer i ts as  therapy ad juvant  to t radi t ional  ERT.  These  
p . repara l ions a im  to rep lace  the a n d r o g e n  loss that 
i sduetoe i thermenopause i tse l fand /o r&ueases  
inandrogensre6ul t imt toER~ef fects .  

D u e  to the lxk of da ta  rega rd ing  long- te rm 
m e n o p a u s a l  E R T  o n  ovar ian  steroid levels, the o h  
ject ive of the present  study was:  (1)  to assess the ex-  
tent of accumula t ion  of c&cula t ing es t rone (E,), 
total a n d  f ree I.$ a n d  E ,S  levels in  P h IW  receiv ing 
p ro l onged  ora l  E , therapy,  a n d  (2)  to d & r m i n e  the 
effectof in5e .a5edeet rogen i~on to ta land f ree  
lxstoaterone levels. 

Fou r t eenPMWsbe tween theageso f52and67were  
studied.  M e n o p a u s e  was  de f ined  as  not  hav ing  
menses  for g re+ ix r  than  o n e  year  a n d  a  fol l icle- 
st imulat ing h o r m o n e  level  ~ 4 0  m IU/mL. Al l  
w o m e n  we re  heal thy,  wi th a  body  mass  index  of 
~ 2 8  kg/mZ, a n d  h a d  u n d e r g o n e  hysterectomy. 
N o n e  of the w o m e n  h a d  a  history of polycystic 
ovary  syndrome.  This w a e  a  p roqx& ive  study per -  
fo rmed  in  a  universi ty hospi ta l  sett ing. G r o u p  1  
(n=7 )  took a  p lacebo.  G r o u p  2  (n r7 )  took 1  m g  of . . m u m x w e d  &  dai ly. B l o o d  samp les  we re  taken at 
one, twoandthreeyears.Ea,E. ,sndtota l testos-  
te rcme we re  quant i f ied by  rad ia imm -y (RLA)  
fo l lowing,  yctnu- a n d  cel i te c tuvmatography.  

F ree  testosterone a n d  I$ we re  calculated.7 S e x  
ho rmone& i i  g lobu l in  a n d  E $  we re  quant i f ied 
bysped+RIA.Oneof thecont ro lsub jec tsandtwo 
of the es t rogen- t reated subjects d id  not  have  
e n o u g h  se rum a l iquoted  to m e a s u r e  E $ . S tatistical 

Tes fos fe fo i7 e  r e p la c e m e n t via a  

n o n o d  rou te  m a y  b e  a  feas ib le  way  
to  improve  th e  a b o v e  sym p to m s  
w ith o u t a tkfh g  he r  enzymes  

a n & o r  lip ids. 

a~~a lya is  was  d & e  us ing  repea ted  m e a s u r e  
A N O V A a n d thepairedt test  

Resu tb  
Tab le  I shows  repea ted  measu res  analys is  of 
and rogen t i ogen  ba lance  with g r o u p  compar -  
isonsateacht imepoin t@ aseUne,oneyear , two  
years  a n d  th ree yeam) .  lit the contro l  g roup ,  n o n e  of 
t he  h o r m o n e  levels c h a n g e d  signif icantly. F ree  
testosterone deceased  4 9 %  ( P = . O O O 3 )  in  w o m e n  
tak ing &  rep- t  as  c o m p a r e d  to a  7 %  dec l ine  
in  w o m e n  tak ing p lacebo.  In w o m e n  tak ing &  rq  
p l acemen  f~ ,~ ,B & f reeE,andSHBGlzve ls in -  
c reased  10,  6 ,51,2 a n d  2  times,  respect ively,  be -  
tweenbase l i raesndyear3 .  

S ign iscan  d i & e n c &  be tween  the two g roups  
we re  found  at the fo l lowing tim e  points:  percent  
c h a n g e  in  f ree testosterone, w h e n  c o m p a r e d  to 
basel ine,  at years  2  ( P =  .O 4 )  a n d  3  ( P =  .0@ 6); E , at 
yea rs l (P= .002) ,2 (P= .OO8)and3(P= .OU9) ;E ,a t  
y e a . m 1 ( P = . O O 4 ) , 2 ( P = . O O 1 ) a n d 3 ( P = . O @ );freeE, 
a tyear  (P= .05 ) ; sndSHBGatyea rs2 (P= .M)and  
3  (P=.005) .  

D iscus&m 
M e n o p a u s e h a s b e e n  associa tedwi thadecl , ine inAs 
an~ens ,  d e h y w  @ H E A )  a n d  
dehydroep iandros t  suLfate (DHIEX?) .  T h e  A 4  
andqenshaveno tbeen fcxmdtodeoxzzewi th  
m e n o p a u s e - a 9  T h e  effect of noncont racept ive  esi ro-  
genon leve lso fandrogenandothers te rv idhor -  
moneshasbeenstud iedwi thavar ie tyo fdes igns ,  
a g e  g r c m p ~  a n d  es t rogen preparat ions,  us l raUy in  
W o m e n  w h o  we re  not  wel l  Cha ra -  rega rd ing  
de tamihantPofhonnonesta tus .Res&vary f rom 
n o  signif icant c h a n g +  to dec reased’1  o r  in-  
c reased=  Jevels of an - -b  es t rogen  use.  P a t- _  -a. --.. . . 



Table I Repe&dMeas~res Adysis of AIT- Bahnu (Gnnp Cmpati ixms at Each Time iWnt.l 

Baaline 1 Yr 2Yr 3 Yr 

HOClllU= haul SD Man SD Mral SD mean SD n 

23.4 6.9 
193 4.9 

0.63 
1.64 0.60 
2.40 0.83 
OS6 

- 
- - 
- 
43.7 7.0 
38.3 4.6 

0.53 
21.3 4.7 
12.7 1.0 

0.13 
0.26 0.09 
0.26 0.10 
0.96 
3.03 1.11 
1.67 0.29 
028 

27.1 4.6 
25.3 6.1 

41.0 
20.1 

0.09 
2.59 
1.04 
0.10 
0.07 

-0.30 
0.08 

50.0 
271.6 

0.002 
19.7 
67.4 

0.004 
028 
4.97 
0.08 
2.23 
4.09 
0.05 

35.5 
50.1 

10.2 
3.6 

1.25 
0.27 

0.21 
0.05 

7.0 
40.7 

2.9 
10.6 

0.09 
2.17 

0.49 
0.70 

9.6 
6.1 

32.0 
28.1 

0.73 
1.81 
1.67 
0.60 

-0.05 
-039 

0.04 
45.9 

220.3 
0.0008 

18.0 
60.9 

0.001 
026 
4.36 
0.07 
t.75 
3.01 
0.08 

35.6 
59.7 

83 
6.8 

0.50 
0.38 

0.15 
0.07 

9.6 
30.2 

2.9 
7:8 

0.08 
1.81 

058 
03s 

7.7 
4.6 

38.3 12.3 
21.9 5.8 

025 
2.15 0.74 
1.55 0.35 
0.08 

-0.07 0.13 
-0.49 0.05 

O&Q6 
52.6 1 1.3 

396.1 91.5 
0.009 

18.4 23 
76.6 13.5 

O.OOS 
029 0.12 

13.4 5.07 
0.06 
232 0.65 
4.10 0.60 
0.07 

30.6 4.7 
54.1 4.9 

7 
7 

7 
7 

7 
7 

7 
7 

7 
7 

6 
5 

0.82 . 0.22 0.02 o.Oil5 

terns of alterations mpy contribute to understand- 
ing of the pathways of 8temid metabou such as 
the t&cts of es&wgens on adrenal corki. function 
and the hyp@Mamic-pit@axyxivarianaxis. 

Ourstudywasuniqueinthatitwasalor@enn 
one, wahdng ovarian steroid levels bver a W 
ywrpeliod.ourre8ult88h&thatroutineestrogen 
replacement substantially decreases free kstos- 
terone (49% decrease). This may be due to increased 
SHBG levels, ttuxefore decreasing free testosterune 
levels. Our data did not show a decrease intotal 
testosterone levels. However, a prior prospective, 
randomizedstudybyCassonetaldidshowa~de- 
creaseinbothtotalandfreeteatoeteronewithphy~ 
iologic estmgen replacemen twandattribut.edthis 
possible menopausal deaease in total testosterone 
levels v+h physiologic estnqen replam ttodt? 
creased gonadotropin drive. . 

-\ AlthoughthedSrenc&infreetestcsterunebe- 
hveen the two group8 were not f3tati8tically 8igni.S 
cant, the diffemwes were 8ubslanU StsWcaI sig- 

1 n+anceisd+zulttoacbievewithasmalL8ample 
t -size.- . i _. p-s-.? 

*The state of bioavailable testosterone defkiency 
may fuither the accelaate osteoporosis and ntuxle 
wasting that natura.Uy occur with aging. Meno- 
pausal 8ymptom8, such as loss of libido, anergy and 
8ense of tiell-bkn~ may be exacerbated. In con- 
trast, lipids and insulin sensitivity may benefit from 
deaea+d free testosterone levels Testos&one re- 
placement via a nonoral route may be a feasiile 
way to improve the above symptom3 without af- 
fecting liver enzymes and/or lipids. This is due to 
the avoidance of the “first-pass effe& through the 
hepatic circulatior~ 

Not surprisingly, all of the estrogen levels in- 
creased with micronized E, replacement F,, %, 
free I$ and IQ &eased 934%, 503%, 145% and 
5$J53%, Il?spe&veiy. sex hormdindjng gbbu- 
lin increased 113%. 32,s inaea8ed10% more than q 
with micronized. &, replacement. If conjugated 
equi.neeetrogenshadbeenusedforrephcement, 
there may have been a much larger increase in E,S 
lweh A prior study conhmed this Large acxumu- 
laiion of EI.$ with lorq$wm oral estrqen replace- 
ment.” 



Published data show that menopausal ERT also 
furtherdecreases DHEA and DHEAS levels. The 
declining DHEAS levels may suggest a direct adre- 
MI effect of estrogen” Natural aging is already ak+ 
sociatedwithade&neinDHEAS.Theimplicatictns 
of a further decline in DHEA, DHEAS and free 
testosterone levels due to ERT are unknown at this 
time Although andIogt?n replacement therapy is 
available, long-term trials have not been done. Most 
of the published literature on androgen replace- 
ment is cm oral methyltestosteroare Comparisons 
of orsl estrogen-androgen and eafxogenxmly thera- 
py have shown that combined treatment with 
estrogen-an-en therapy has greater effkacy on 
V-T symptoms when compared to estrogen- 
onIy therapy. Simon et ~$4 also found that 
estrogen-only treatment significantly increased 
SHBG levels (PC .Ol),whereas de&eases occurred 
with estrogen-androgen treamt (PC .006). 

Watts et al” compared oral esteri6ed estrogen 
replacement with combined oral esteIided estlp 
genandmethyltestosturonetreatmerttonbonemin- 
eral density, menopausal symptoms and lipid- 
lipoprotein prof3es in surgicslly m+opausal 
women. Both treatment Ieghens prevented bqle 
loss at the spine and hip. However, combined 
estrogen- therapy was asso&&& with a 
sigdjmnt- inbonemineraldenaityascom- 
pared to ba@ne (P < x)1). In the qtrogen group, 
high-density lipoprotein (HDL) cholesterol in- 
creami significantly, and low-density lipoprotein 
cholesterol decreased significantly. Cholesterol, 
HDL cholesterol and triglycerides deaeased signif- 
icantly in the ef&ogen-androgen group. Meno- 
pausal symptoms of somatic origin (hot flashes, 
vagjnal dryness and insomnia) were improved sig- 
tiCittltI~inbOthgroupa 

Raisz et aPa compared the effects of estrogen 
alone (1.25 mg cvnjugated Gquine.e3trogen) to com- 
bined estrogen + androgen therapy (1.25 mg esteri- 
&d&rogen+2.5mgmethylte&hsme)onbi.o- 
chemi~markersofboneformationandresorption 
mPh4W.Bothgroupsahowedasimilardecrease.in 
urinaryexcretionofthetxmert?3orptionmarlcers, 
deoxypyxidinoline, py-ridinohne and hydroxypro- 
line. Patients treated with estrogen only showed de- 
crea8e6intheserummar~ofboneforma~ 
bo~pecific alkalikphosphatke, o&oc&in and 
C-U procollagen peptide. In con+& sub- 
jects treated with estrogen+mdrogen showed in- 
creases in these markers of bone formation Thus, 
estrogen-androgen therapy is a pot+iaUy benefi- _ 

cial Iummme replacement regimen in osteoporotic 
women. Lmg-term studies are needed to deter- 
rninetherelativeber&tsandrisks6foxnbined 
estrogen-androgen treatment regirixns. ‘Little is 
known ahut other forms of testcxsterone or other 
routes of deliveIy,,f3uch ” tl.wdad, sul>lingual 
and kmsvaginal These alternate routes of delivery 
bypass the hepatic ckulation and may be tzxfer for 
long-term d replacement. 

shifren et aI~‘evaluated the effects of 12 weeks of 
tmydemd teas- (150 and 300 j&d) in 
women who had impaired sexual function after 
aqicallyinduced menopause. Tranxkmel testos- 
teronewasfoundtoimpmvesexualfunct~nand 
psychological well-being in these women The 300 
pg/d dose resulted in statistically sign&ant in- 
crease in scores for frequency of sexual activity and 
pleasureorgasmintheBriefIndexofSexullPunc- 
tiodng far Women (P=.O3 for both comparisons 
with placebo). The positive well-beiug, depressed 
mood and composite scores of the Psychological 
General W+-Being Index also impn>ved sign& 
candywiththe3OO&/dk&&rone dose (P = .04, 
.03 and .04, respe&+, for the comparkm with 
placebo). Thus, transdermal testosterone xplace- 
ment maybe indkated for women with low testos- 
tercme concentrations and impaired sexual func- 
tion. 

While it is commonIy a- to pmscribe an-.. 
,~mpIa~ttosurgicallycastratedTvamen, 
postmenopausal androgen replacement remains 
under study at this time. The benefita of meno- 
pausal ‘combined estrogen-androgen replacement 
must be evaluated in conjunction with possible 
long-term risks before menopausal androgen re 
pkemelrt therapy is universally prescribed. 

3. KielDP,Pdacm~,AndawnJJ,et&Hipframnzadthe 
u8e of edrugum in podmenopau8al women; The Praming- 
ham Study. N Bngl J hAmi. 19873171116Su74 

4. Rzd,StamnWEAAedtrfalofin~vaginrlestciolin 
po&WMpdWWwithrecrurmL urinary tnct ink- 
tiam.NJi@Jhfed1993~7SHS6 
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AEWI’RACT 
Circulating concenerations of sex hormone-binding globulin 

(SHBG) are increased by use of oral estrogen. The objective of this 
study was to determine whether postmenopausal women who used 
oral estrogen had higher serum concentrations of SHBG and lower 
serum concentrations of free testosterone (T) than nonusers, and 
whether free T  was associated with lean body mass, particularly 
skeletal muscle mass. Subjects were 70 postmenopausal women, 
46-55 yr old, 46 of whom used oral estrogen. Total and regional body 
composit ion were determined by dual-energy x-ray absorptiometry. 
Serum concentrations of SHBG, total T, and e&radio1 (E,) were de- 
termined by RIA Free T  was calculated from concentrations of total 
T  and SHBG. Hormone users bad higher serum concentrations of E, 

andSHBGf182.0 k58.5~~. 82.9 k 4l. lnmol&,mean 2 SD,P<O.OOl) 
and lower concentrations of free T  (3.7 ? 2.2 vs. 7.9 -f 4.1 pmol/L, 
mean + SD, P i 0.001); total T  did not differ. Total lean mass and leg 
lean mass were significantly correlated with free, but not total T  [r 
values of0.29 (P i 0.05) and0.31 (P < 0.01) for totalandleglean mass, 
respectively, us. free T1; arm lean mass was not correlated with either 
measure of T. Serum E, was significantly correlated with SHBG tr =  
0.50, P < 0.001) and free T  fr = -0.33, P < 0.01). These observations 
imply that, by reducing the concentration of bioavaiiable T, oral es- 
trogen therapy may accelerate or augment lean mass loss among 
postmenopausal women. This conclusion awaits confirmation by lon- 
gitudinal observation. (J Clin Endocrinol Metab 85: 4476-4480, 
2000) 

0 RAL ESTROGEN THERAPY, because of the first pass 
effect, results in exposure of the liver to supraphysi-  

ological concentrat ions of estrogen. One  of the consequences 
of this exposure is an  alteration in the product ion of several 
hepatic proteins. Concentrat ions of sex hormone-binding 
globulin (SHBG) (1) and  apolipoprotein A-I (Apo A-I) (2) are 
higher, and  insulin-like growth factor (IGF)-I are lower (3), 
in women who use oral estrogen therapy, when compared 
with nonusers.  

The physiological ramifications of altered hepatic protein 
product ion with estrogen use are not entirely clear. This is 
particularly true with respect to the elevation in SHBG. 
SHBG binds to circulating testosterone (T). In premeno-  
pausal  women,  approximately 62% of circulating T is bound  
to SHBG; another 36-37X is bound  to albumin, and  approx-  
imately 1.5% is unbound (4). It is assumed that the unbound 
(or free) fraction is the physiologically active, or bioavailable, 
fraction. Although SHBG binds to other steroid hormones,  its 
affinity for other hormones is lower than that for T, and  it 
accounts for a  lower percentage of bound  hormone [e.g. in 
women,  45-46s of e&radio1 (Ez) (4) and  6.63% of andro-  
stenedione (5) circulate bound  to SHBG]. Thus, an  increase 
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in SHBG with estrogen use could lower circulating concen-  
trations of bioavailable T. 

T  promotes deposit ion and  maintenance of skeletal mus- 
cle. Administration of T  to elderly men increases the frac- 
tional synthetic rate of muscle protein, as well as  muscle 
strength (6). Among normal male subjects, exogenous T in- 
creases muscle mass and  muscle protein synthesis, and  it 
decreases leucine oxidation (7,s). By contrast, pharmacologic 
gonadal  suppression in normal young men causes a  decrease 
in whole-body protein synthesis in conjunction with losses of 
fat-free mass and  leg muscle strength (9). Among women 
with polycystic ovary syndrome, serum T is correlated with 
lean body mass (10). The decline of T  (11-13) and  its pre- 
cursors (14) with age  may be  one  of the factors that contribute 
to sarcopenia in older men and  women.  

An age-related loss of muscle mass has been  observed in 
women,  and  it seems to increase in rate at the time of meno-  
pause (15,16). Loss of muscle mass, particularly in the lower 
extremity, may lead to loss of physical function, which could 
increase risk for fall-related injury and  other disabilities (17, 
18). In addition, the lower total-body energy requirements 
associated with loss of muscle could increase risk for obesity 
and  associated diseases (15,19). Thus, factors that accelerate 
or augment  the normal age-related decline in skeletal muscle 
would be  undesirable. 

The present cross-sectional study was conducted to de-  
termine whether postmenopausal  women who used estro- 
gen  had  higher serum concentrat ions of SHBG and  lower 
serum concentrat ions of free T than nonusers,  and  whether 
free T was associated with lean body mass, particularly skel- 
eta1 muscle mass. 

4476 



FREE TESTOSTERONE AND LEAN BODY MASS 4477 

Subjects and Methods 
Experimental subjects 

Subjects were: 70 postmenopausal women, 46-55 yr old 
(62 Caucasian and 8 African-American). Only women who 
experienced a natural menopause, with the time of meno- 
pause known to occur at least 6 months before contact, were 
recruited. Both women using hormone replacement therapy 
(HRT) and women not using HRT were recruited. Among 
hormone users, only subjects using an oral estrogen prepa- 
ration were selected (n = 46). Most used conjugated equine 
estrogens (0.625 mg/day) in combination with medroxypro- 
gesterone acetate (2.5 mg/day), although several women 
used other types of estrogen or other doses of conjugated 
equine estrogens. Six women used unopposed estrogen. “No 
HRT use” (n = 24) was defined as no current use, and no use 
within the past 6 months. Twenty-one of 24 nonusers had 
never used HRT. Data were collected over a 27-h period 
during an in-patient visit to the Department of Nutrition 
Sciences and the General Clinical Research Center at the 
University of Alabama at Birmingham (UAB). The protocol 
was approved by the Institutional Review Board for Human 
Use at UAB, and all subjects signed an informed consent 
before testing. 

Protocol 

Subjects arrived at the Department of Nutrition Sciences, at approx- 
imately 0900 h, in the fasted condition (12-h fast). EMy composition was 
determined by dual-energy x-ray absorptiometry (DXA). Three fasting 
blood samples were taken, over a 4Q-min period on the following morn- 
ing, at UAB’s General Clinical Research Center at approximately 0700 h. 
Samples were allowed to clot, then were centrifuged. Sera were aspi- 
rated, pooled, aliquoted, and stored at -85 C until used for hormone 
assay. 

Body composition 

Total and regional (leg, arm) body composition (fat mass and lean 
body mass) were measured by DXA using a DPX-L densitometer (Lunar 
Corp., Madison, WI). Subjects were scanned in light clothing while lying 
flat on their backs with arms at their sides. DXA scans were performed 
and analyzed with adult software version 1.5 g. Leg and arm hssue 
masses were determined by manually placing delimiting lines at specific 
landmarks on the computer-generated image. The legs were indicated 
to be all soft tissue below the triangle formed by drawing a horizontal 
line acrces the top of the pelvis, and two angled lines (one through each 
femoral neck). To delineate the arms, lines were drawn between the torso 
and the arms, from the top of the arm socket to the phalange tips, 
avoiding contact with the rib and pelvic areas. 

TABLE 1. Descriptive statistics; mean 2 SD (range) 

Hormone assay 

Serum &  was measured using a double-antibody RIA (Diagnostic 
Products, Los Angeles, CA). Sera were first extracted in diethyl ether. 
Assay sensitivity was determined to be 15.42 pmollL, intraassay coef- 
ficient of variation to be 5.3%, and interassay coefficient of variation to 
be 6.0’?& Serwn total T  was measured with a coated-tube RIA (Diagnostic 
Products); assay sensitivity was 0.409 nmol/L, intraassay coefficient of 
variation was 7.7Y0, and interassay coefficient of variation was 8.2%. For 
measurement of SHEK, sera were first diluted 1:101, then assayed in 
duplicate 25-PL aliquots using an immunoradiometric assay (Diagnostic 
Systems Laboratories, Inc., Webster, TX); the lower limit was 5 nmol/L, 
the intraassay coefficient of variation was 8.2%, and the interassay co- 
efficient of variation was 8.2%. Free T (pmol/L) was calculated from 
serum concentrations of total T  and SHBG using the method of Soder- 
gard et al. (4). This method is based on the concentration of albumin, the 
binding capacity of SHBG, and the association constants of T  for SHAG 
and albumin, as determined in a sample of normal men and women. 

Statistics 

For all analyses, values for body composition variables and serum 
analytes were log-transformed to produce a normal distribution. 
ANOVA was used to compare measurements between hormone users 
and nonusers. Pearson correlation analysis was used to examine asso- 
clahons among serum hormone concentrations and between regional 
lean nuss and serum hormone concentrations. All data were analyzed 
with SAS for Windows version 6.12. Differences and associations were 
considered significant if P  was less than 0.05. 

Results 
Descriptive statistics are shown in Table 1. Hormone users 

and nonusers did not differ, with respect to age, weight, or 
lean mass (total and regional). Nonusers had a higher total 
body fat mass and percent body fat. Hormone users had 
higher serum concentrations of E, and SHBG and lower 
concentrations of free T; total T did not differ (Fig. 1; A, B, C, 
and D, respectively). 

Correlations between lean mass and T (total and free) are 
shown in Table 2 and Fig. 2. Total lean mass and leg lean mass 
were significantly correlated with free (but not total) T; arm 
lean mass was not correlated with either measure of T. Serum 
E2 was significantly correlated with SHBG and free T (Fig. 3, 
A and B, respectively). 

Discussion 
The present cross-sectional study showed that greater se- 

rum SHBG among postmenopausal women using oral es- 
trogen therapy was associated with lower circulating free T. 
Free T, but not total T, was positively associated with lean 

Non,,ams (n = 24) HRT uaerz (n = 46) 

Age (yr) 
Body weight (kg) 
Total fat mass (kg) 
%  Fat 
Total lean body mass (kg) 
Arm lean mass (kg) 
Leg lean mass (kg) 
Serum estradiol (pmoVL) 
Serum SHBG (nmol/L) 
Serum total T  (nmolIL) 

50 2 3 (46-55) 
73.4 + 13.3 (54.5-101.7) 
30.6 2 9.4 (18.0-51.6) 
41.5 e 5.6 (31.5-62.3) 
39.3 it 4.2 (32.9-47.4) 

4.3 -c 0.7 (2.9-6.1) 
13.6 t 1.8 (10.9-18.3) 

58 k 69 (E-293) 
82.9 + 41.1 (23.1-162.8) 
0.68 -c 0.30 (0.41-1.38) 

- 
50 ? 3 (45-57) 

67.7 2 11.2 (47.3-99.3) 
25.5 2 8.5 (10.7-42.5P 
37.3 2 7.4 (20.4-52.0)” 
38.9 2 4.7 (30.3-56.0) 

4.3 2 0.7 (3.0-7.0) 
13.3 k 1.9 (9.4-19.7) 
136 2 101(20-616)* 

182.0 -t 58.5 (92.4-326.2jh 
0.67 -c 0.28 (0.41-1.44) 

7.9 2 4.1 (2.3-17.3) 3.7 k 2.2 (1.4-12.Op Serum free T (pmol/L) 
a and b, P  < 0.05, 0.001, respectively, vs. nonusers. 
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FIG. 1. A, Serum E, concentration (pmol/L) in users and nonusers of HRT; ***, P  < 0.01. B, Serum SKBG concentration (nmoVL) in ueers and 
nonuser8 of HRT *** P < 0.01. C, Serum free T concentration (pmol/L) in users and nonueere of HRT, ***, P < 0.01. D, Serum total T  , , 
concentration (nmol/L) in users and nonusers of HRT, means were not significantly different. 

TABLE 2. Pearson correlation eoeffkients for serum T concentra- 
tions us. lean body mass (all women combined) 

Total T Free T 
(nmoln) (pmolm 

Total lean mass (krr) 0.10 0.24” 
Leg lean mass f&g)- 0.11 
Arm lean mass (kg) -0.03 
a and * P  < 0.05, 0.01, respectively. 

0.31h 
0.14 

body mass. These observations imply that, by reducing the 
concentration of bioavailable T, oral estrogen therapy may 
accelerate or augment lean mass loss among postmenopausal 
women. This conclusion must be considered tentative, be- 
cause of the cross-sectional nature of the study design, and 
awaits confirmation by a longitudinal study. 

As reported previously with use of oral contraceptives 
(20), use of oral estrogen among postmenopausal women in 
this study was associated with a 2-fold greater concentration 
of circulating SHBG, relative to women not using hormone 
therapy. Presumably as a result of this difference in SHBG 
concentration, the concentration of free T was 50% lower in 
hormone users vs. nonusers. It is generally assumed that only 
the free fraction of circulating T is biologically active. Un- 
bound T can cross the cell membrane and affect gene tran- 
scription. Increased messenger RNA for the anabolic hor- 

22 - 

20 . 
53 . 
3 18- 0 

10 

1 

. 

8 - 
1 10 

Free T (pmoVL) 

FIG. 2. Leg lean ma68 (kg) “8. serum free T concentration (pmovL) in 
all women combined, P  < 0.01, R2 = 0.10. open circles indicate 
nonusers and filled circles indicate users, respectively, of HRT. 

mone IGF-I and decreased expression of IGF binding 
protein-4, a protein that inhibits the mitogenic action of IGF-I, 
were observed in skeletal muscle after T administration (6). 
Thus, activation of the intramuscular IGF-I system is one 
mechanism through which T may increases protein synthe- 
sis. The possibility that lower free T limits muscle growth or 
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Serum estradiol (pmol/L) 

1 J------T_ 
10 loo 

Serum estradiol (pmol/LJ 

FIG. 3. A, Serum SHBG concentration (nmol/L) us. serum E, con- 
centration (pmovL) in all women combined, P  < 0.001, R* = 0.24. B, 
Serum free T concentration (pmol&) us. serum E, concentration 
(pmoVL) in all women combined; P  < 0.01, R2 = 0.11. Open circles 
indicate nonusers and filled circles indicate users of HRT, throughout 
this fwre. 

maintenance in women using oral estrogen is a topic that has 
received little attention. 

In this study, the concentration of free T was positively 
correlated with total lean mass and leg lean mass but not arm 
lean mass. Limb lean mass, as assessed by DXA, is a rea- 
sonable surrogate for appendicular skeletal muscle mass 
(21). The positive association of T with lean mass is logical 
if T has a positive influence on skeletal muscle accrual or 
retention. However, in this study, only leg lean mass was 
associated with serum free T. This association might be ex- 
plained by the observation that the anabolic effects of T on 
skeletal muscle are augmented when the muscle is simulta- 
neously stressed by use (22). Thus, it would seem most likely 
that free T be correlated with those muscles that are used 
most frequently and experience the greatest loading or force. 
Whereas leg muscles are used regularly for walking, arm 
muscles are likely to experience less resistance on a day-to- 
day basis in individuals who do not engage in resistance 
training or other activities that involve lifting heavy objects 
with the arms. 

Synthesis of T declines with age in women (12). This de- 
cline is marked between the years of 20-30 and 50-60 and 

is more gradual thereafter (14). A further, transient decline 
is observed at the time of menopause (23). Thus, at the time 
of menopause, women are likely to be experiencing a phase 
of accelerated decline in circulating anabolic hormones. This 
phenomenon may explain the significant age-independent 
decline in fat-free mass observed longitudinally in women 
who traverse the menopause (16). 

Many women also initiate use of hormone replacement 
therapy during the perimenopausal years. The decline in free 
T associated with oral estrogen use could potentially accel- 
erate the loss of muscle mass that is already occurring be- 
cause of age- and menopause-related declines in serum T. 
Loss of muscle mass may be associated with a perceived 
inability to engage in physical activity, thus resulting in a 
vicious cycle of inactivity and worsening sarcopenia. 

Associations between lean body mass and physical activ- 
ity have been Observed in women. Thirty-nine percent of the 
decline in fat-free mass with age in women is attriiutable to 
a change in maximal oxygen consumption (an index of phys- 
ical fitness) (15). In addition, leisure time physical activity, as 
determined by questionnaire, decreases in conjunction with 
lean body mass during the perimenopausal period (16). Al- 
though the cause-and-effect nature of these relationships is 
not known, it is possible that it could be bidirectional; de- 
creases in muscle mass attributable to hormonal factors could 
precipitate a decrease in physical activity that, in turn, would 
lead to further loss of skeletal muscle. 

In conclusion, use of oral estrogen therapy was associated 
with higher SHBG and lower free T among postmenopausal 
women. Free, but not total, T was associated with total and 
leg lean body mass. These results imply that use of oral 
estrogen could accelerate the decline in skeletal muscle mass 
that occurs with age in women. However, longitudinal ob- 
servation will be required to determine whether the hypoth- 
esis is correct. 
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ABSTRACT 
Circulating concentrations of sex hormone-binding globulin 

(SHBG) are increased by use of oral estrogen. The objective of this 
study was to determine whether postmenopausal women who used 
oral estrogen had higher serum concentrations of SHBG and lower 
serum concentrations of free testosterone (T) than nonusers, and 
whether free T  was associated with lean body mass, particularly 
skeletal muscle mass. Subjects were 70 postmenopausal women, 
46-65 yr old, 46 ofwhom used oral estrogen. Total and regional body 
composit ion were determined by dual-energy x-ray absorptiometry. 
Serum concentrations of SHBG, total T, and estradiol (Ez) were de- 
termined by RIA Rree T  was calculated from concentrations of total 
T  and SHBG. Hormone users had higher serum concentrations of E, 

andSHBG(182.0 ? 68.5~~. 82.9 ? 41.1 nmol/L,maan + s0,P<O.001) 
and lower concentrations of free T  (3.7 -+ 2.2 us. 7.9 %  4.1 pmoliL, 
mean %  SD, P < 0.001); total T  did not differ. Total lean mass and leg 
lean mass were significantly correlated with free, but not total T  [r 
valuesof0.29(P< 0.05)and0.31@‘< 0.01)fortotalandlegleanmass, 
respectively, us. free Tl; arm lean mass was not correlated with either 
measure of T. Serum E, was significantly correlated with SHBG (r = 
0.50, P < 0.001) and free T  (r = -0.33, P < 0.01). These observations 
imply that, by reducing the concentration of bioavailable T, oral es- 
trogen therapy may accelerate or augment lean mass loss among 
postmenopausal women. This conclusion awaits confirmation by lon- 
gitudinal observation. (J Clin Endocrind Metab 85: 4476-4480, 
2000) 

0 RAL ESTROGEN THERAPY, because of the fit pass 
effect, results in exposure of the liver to supraphysi-  

ological concentrat ions of estrogen. One  of the consequences 
of this exposure is an  alteration in the product ion of several 
hepatic proteins. Concentrat ions of sex hormone-binding 
globulin (SHBG) (1) and  apolipoprotein A-I (Apo A-I) (2) are 
higher, and  insulin-l&e growth factor (IGF)-I are lower (3), 
in women who use oral estrogen therapy, when compared 
with nonusers.  

The physiological ramifications of altered hepatic protein 
product ion with estrogen use are not entirely clear. This is 
particularly true with respect to the elevation in SHBG. 
SHBG binds to circulating testosterone (T). In premeno-  
pausal  women,  approximately 62% of circulating T is bound  
to SHBG; another 36  -37% is bound  to albumin, and  approx-  
imately 1.5% is unbound (4). It is assumed that the unbound 
(or free) fraction is the physiologically active, or bioavailable, 
fraction. Although SHBG binds to other steroid hormones,  its 
affinity for other hormones is lower than that for T, and  it 
accounts for a  lower percentage of bound  hormone [e.g. in 
women,  45-46X of estradiol (E2) (4) and  6.63% of andro-  
stenedione (5) circulate bound  to SHBG]. Thus, an  increase 
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in SHBG with estrogen use could lower circulating concen-  
trations of bioavailable T. 

T  promotes deposit ion and  maintenance of skeletal mus- 
cle. Administration of T  to elderly men increases the frac- 
tional synthetic rate of muscle protein, as well as  muscle 
strength (6). Among normal male subjects, exogenous T in- 
creases muscle mass and  muscle protein synthesis, and  it 
decreases leucine oxidation (7,8). By contrast, pharmacologic 
gonadal  suppression in normal young men causes a  decrease 
in whole-body protein synthesis in conjunction with losses of 
fat-free mass and  leg muscle strength (9). Among women 
with polycystic ovary syndrome, serum T is correlated with 
lean body mass (10). The decline of T  (11-13) and  its pre- 
cursors (14) with age  maybe one  of the factors that contribute 
to sarcopenia in older men and  women.  

An age-related loss of muscle mass has been  observed in 
women,  and  it seems to increase in rate at the time of meno-  
pause (15,16). Loss of muscle mass, particularly in the lower 
extremity, may lead to loss of physical function, which could 
increase risk for fall-related injury and  other disabilities (17, 
18). In addition, the lower total-body energy requirements 
associated with loss of muscle could increase risk for obesity 
and  associated diseases (15,19). Thus, factors that accelerate 
or augment  the normal age-related decline in skeletal muscle 
would be  undesirable. 

The present cross-sectional study was conducted to de-  
termine whether postmenopausal  women who used estro- 
gen  had  higher serum concentrat ions of SHBG and  lower 
serum concentrat ions of free T than nonusers,  and  whether 
free T was associated with lean body mass, particularly skel- 
etal muscle mass. 

4476 
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Subjects and Methods 
Experimental subjects 

Subjects were: 70 postmenopausal women, 46-55 yr old 
(62 Caucasian and 8 African-American). Only women who 
experienced a natural menopause, with the time of meno- 
pause known to occur at least 6 months before contact, were 
recruited. Both women using hormone replacement therapy 
(HRT) and women not using HRT were recruited. Among 
hormone users, only subjects using an oral estrogen prepa- 
ration were selected (n = 46). Most used conjugated equine 
estrogens (0.625 mg/day) in combination with medroxypro- 
gesterone acetate (2.5 mg/day), although several women 
used other types of estrogen or other doses of conjugated 
equine estrogens. Six women used unopposed estrogen. “No 
HRT use” (n = 24) was defined as no current use, and no use 
within the past 6 months. Twenty-one of 24 nonusers had 
never used HRT. Data were collected over a 27-h period 
during an in-patient visit to the Department of Nutrition 
Sciences and the General Clinical Research Center at the 
University of Alabama at Birmingham (UAB). The protocol 
was approved by the Institutional Review Board for Human 
Use at UAB, and all subjects signed an informed consent 
before testing. 

Protocol 
Subjects arrived at the Department of Nutrition Sciences, at approx- 

imately 0900 h, in the fasted condition (12-h fast). Body composition was 
determmed by dual-energy x-ray absorptiometry (DXA). Three fasting 
blood samples were taken, over a 40-min period on the following morn- 
ing, at UAB’s General Clinical Research Center at approximately 0700 h. 
Samples were allowed to clot, then were centrifuged. Sera were aspi- 
rated, pooled, aliquoted, and stored at -85 C until used for hormone 
assay. 

Body composition 
Total and regional (leg, arm) body composition (fat mass and lean 

body mass) were measured by DXA using a DPX-L densitometer (Lunar 
Corp., Madison, WI). Subjects were scanned in light clothing while lying 
flat on their backs with arms at their sides. DXA scans were performed 
and analyzed with adult sofcware verston 1.5 g. Leg and arm tissue 
masses were determined by manually placing delimiting lines at specific 
landmarks on the computer-generated image. The legs were indicated 
to be all soft tissue below the triangle formed by drawing a horizontal 
line across the top of the pelvts, and two angled lines (one through each 
femoral neck). To delineate the arms, lines were drawnbetween the torso 
and the arms, from the top of the arm socket to the phalange tips, 
avoiding contact with the rib and pelvic areas. 

TABLE 1. Descriptive statistics; mean 2 SD (range) 

Hormone assay 
Serum E, was measured using a double-anttbody RL4 (Diagnostic 

Products, Los Angeles, CA). Sera were first extracted in diethyl ether. 
Assay sensitivity was determined to be 15.42 pmol/L, intraassay coef- 
ficient of variation to be 5.3%, and interassay coefficient of variation to 
be 6.O”h. Serum total T  was measured with a coated-tube RIA (Diagnostic 
Products); assay sensitivity was 0.409 nmol/L, intraassay coefficient of 
variation was 7.7%, and interassay coefficient of variation was 8.2%. For 
measurement of SHBG, sera were first diluted l:lOl, then assayed in 
duplicate 25PL aliquots using an immunoradiometric assay (Diagnostic 
Systems Laboratories, Inc., Webster, TX); the lower limit was 5 nmol/L, 
the intraassay coefficient of variation was 8.2%, and the interassay co- 
efficient of variation was 8.2%. Free ‘f (pmol/L) was calculated from 
serum concentrations of total T  and SHBG using the method of Soder- 
gard d al. (4). This method IS based on the concentration of albumin, the 
binding capacity of SHBG, and the association constants of T  for SHBG 
and albumin, as determined in a sample of normal men and women. 

Statistics 
For all analyses, values for body composition variables and serum 

analytes were log-transformed to produce a normal distribution. 
ANOVA was used to compare measurements between hormone users 
and nonusers. Pearson correlation analysis was used to examine asso- 
ciations among serum hormone concentrations and between regional 
lean mass and serum hormone concentrations. All data were analyzed 
with SAS for Windows version 6.12. Differences and associations were 
considered significant if P  was less than 0.05. 

Results 

Descriptive statistics are shown in Table 1. Hormone users 
and nonusers did not differ, with respect to age, weight, or 
lean mass (total and regional). Nonusers had a higher total 
body fat mass and percent body fat. Hormone users had 
higher serum concentrations of E, and SHBG and lower 
concentrations of free T; total T did not differ (Fig. 1; A, B, C, 
and D, respectively). 

Correlations between lean mass and T (total and free) are 
shown in Table 2 and Fig. 2. Total lean mass and leg lean mass 
were significantly correlated with free (but not total) T; arm 
lean mass was not correlated with either measure of T. Serum 
E, was significantly correlated with SHBG and free T (Fig. 3, 
A and B, respectively). 

Discussion 
The present cross-sectional study showed that greater se 

rum SHBG among postmenopausal women using oral es- 
trogen therapy was associated with lower circulating free T. 
Free T, but not total T, was positively associated with lean 

Nonusers (n = 24) HRT users (n = 46) 

Age CY*) 
Body weight (kg) 
Total fat maas (kg) 
‘%  Fat 
Total lean body mass (kg) 
Arm lean mass (kg) 
Leg lean mass fkg) 
Serum e&radio1 (pmoULJ 
Serum SHBG (nmol/L) 
Serum total T  (nmol/L) 
Serum free T (omol/L) 

50 %3(46-55) 
73.4 -t 13.3 (54.5-101.7) 
30.6 + 9.4 (18.0-51.6) 
41.5 -t 5.6 (31.5-52.3) 
39.3 IT 4.2(32.9-47.4) 

4.3 -t 0.7 (2.9-6.1) 
13.6 rt 1.8 (10.9-18.3) 

58 2 69 (15-293) 
82.9 -t 41.1 (23.1-162.8) 

50 -t 3(45-57) 
67.7 -L 11.2 (47.3-99.3) 
25.5 ~fr 8.5(10.7-42.5)" 
37.3 -’ 7.4(20.4-52.0)" 
38.9 -c 4.7(30.3-56.0) 

4.3 ? 0.7 (3.0-7.0) 
13.3 2 1.9 (9.4-19.7) 
136 t- 101(20-616)” 

182.0 + 58.5 (92.4-326.2)h 
0.68 2 0.30 (0.41-1.38) 0.67 2 0.28 iO.41-1.44) 

7.9 + 4.1 (2.3-17.3) 3.7 lr 2.2(1.4-12.0)' 
L1 and ‘, P < 0.05, 0.601, respectively, US. nonusers. 
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FIG. 1. A, Serum E, concentration (pm&L) in users and nonusers of HRT; *** P < 0.01. B, Serum SHBG concentration (nmol/L) in users and 
nonusers of HRT; ***, P < 0.01. C, Serum free T concentration (pmol.&) in ‘users and nonusers of HRT, ***, P i 0.01. D, Serum total T 
concentration (nmol&) in users and nonusers of HRT; moans were not significantly different. 

TABLE 2. Pearson correlation coefficients for serum T concentra- 
tions us. lean body mars (all women combined) 

Total T Free T 
hmollL) (omol/L) 

Total lean mass (kg) 0.10 0.24” 
Leg lean mass (kg) 0.11 0.31h 
Arm lean mass (kg) -0.03 0.14 

a and ’ P < 0.05, 0.01, respectively. 

body mass. These observations imply that, by reducing the 
concentration of bioavailable T, oral estrogen therapy may 
accelerate or augment lean mass loss among postmenopausal 
women. This conclusion must be considered tentative, be- 
cause of the cross-sectional nature of the study design, and 
awaits confirmation by a longitudinal study. 

As reported previously with use of oral contraceptives 
(20), use of oral estrogen among postmenopausal women in 
this study was associated with a 2-fold greater concentration 
of circulating SHE3G. relative to women not using hormone 
therapy. Presumably as a result of this difference in SHl3G 
concentration, the concentration of free T was 50% lower in 
hormone users vs. nonusers. It is generally assumed that only 
the free fraction of circulating T is biologically active. Un- 
bound T can cross the cell membrane and affect gene tran- 
scription. Increased messenger RNA for the anabolic hor- 

22 
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. 0 
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___ 

10 

Free T (pmol/L) 

FIG. 2. Leg lean mass (kg) us. serum free T concentration (pmoVL) in 
all women combined; P < 0.01, R’ = 0.10. 0pen cirelea indicate 
nonusers and filled circles indicate users, respectively, of HRT. 

mone IGF-I and decreased expression of IGF binding 
protein-4, a protein that inhibits the mitogenic action of IGF-I, 
were observed in skeletal muscle after T administration (6). 
Thus, activation of the intramuscular IGF-I system is one 
mechanism through which T may increases protein synthe- 
sis. The possibility that lower free T limits muscle growth or 
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lOL-- 
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Serum estradiol (pmoVL) 
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10 100 

Serum estradiol (pmol/L) 

FIG. 3. A, Serum SHBG concentration (nmol/L) us. serum E, con- 
centration (pmol/L) in all women combined; P  < 0.001, R2 = 0.24. B, 
Serum free T concentration (pmol/L.) us. serum E, concentration 
(pmoliL.) in all women combined; P  i 0.01, R* = 0.11. Open circles 
indicate nonusers and f&d circles indicate users of HRT, throughout 
this figure. 

maintenance in women using oral estrogen is a topic that has 
received little attenti.on. 

In this study, the concentration of free T was positively 
correlated with total lean mass and leg lean mass but not arm 
lean mass. Limb lean mass, as assessed by DXA, is a rea- 
sonable surrogate for appendicular skeletal muscle mass 
(21). The positive association of T with lean mass is logical 
if T has a positive influence on skeletal muscle accrual or 
retention. However, in this study, only leg lean mass was 
associated with serum free T. This association might be ex- 
plained by the observation that the anabolic effects of T on 
skeletal muscle are augmented when the muscle is simulta- 
neously stressed by use (22). Thus, it would seem most likely 
that free T be correlated with those muscles that are used 
most frequently and experience the greatest loading or force. 
Whereas leg muscles are used regularly for walking, arm 
muscles are likely to experience less resistance on a day-to- 
day basis in individuals who do not engage in resistance 
training or other activities that involve lifting heavy objects 
with the arms. 

Synthesis of T declines with age in women (12). This de- 
cline is marked between the years of 20-30 and 50-60 and 

is more gradual thereafter (14). A further, transient decline 
is observed at the time of menopause (23). Thus, at the time 
of menopause, women are likely to be experiencing a phase 
of accelerated decline in circulating anabolic hormones. This 
phenomenon may explain the significant age-independent 
decline in fat-free mass observed longitudinally in women 
who traverse the menopause (16). 

Many women also initiate use of hormone replacement 
therapy during the perimenopausal years. The decline in free 
T associated with oral estrogen use could potentially accel- 
erate the loss of muscle mass that is already occurring be- 
cause of age- and menopause-related declines in serum T. 
Loss of muscle mass may be associated with a perceived 
inability to engage in physical activity, thus resulting in a 
vicious cycle of inactivity and worsening sarcopenia. 

Associations between lean body mass and physical activ- 
ity have been observed in women. Thirty-nine percent of the 
decline in fat-free mass with age in women is attributable to 
a change in maximal oxygen consumption (an index of phys- 
ical fitness) (15). In addition, leisure time physical activity, as 
determined by questionnaire, decreases in conjunction with 
lean body mass during the perimenopausal period (16). Al- 
though the cause-and-effect nature of these relationships is 
not known, it is possible that it could be bidirectional; de- 
creases in muscle mass attributable to hormonal factors could 
precipitate a decrease in physical activity that, in turn, would 
lead to further loss of skeletal muscle. 

In conclusion, use of oral estrogen therapy was associated 
with higher SHBG and lower free T among postmenopausal 
women. Free, but not total, T was associated with total and 
leg lean body mass. These results imply that use of oral 
estrogen could accelerate the decline in skeletal muscle mass 
that occurs with age in women. However, longitudinal ob- 
servation will be required to determine whether the hypoth- 
esis is correct. 
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TranWrmal testosterone patches and topkally applied gels have become well accepW for the 
treabnentlof~~defldencyinmenandarecurrentfybelngdevelopedinappropriatedosage 
strengths for androgen therepy in women. The furthest deWopedamongthesieprodu&sisan 
investlgaknal testostemne matrix patch which is now in phase III c#nkal trials for the treatment of 
sexual dyafuncticn in oophomctomized and naturally menopausal women. This review artlde dis- 
cusses the biopharmaceu tlcal rethale for the transdefma I delivery of testosterone to women, illus- 
-~quantitathrely~lyzas~ph amvlcddneticsandmetabolismofthetestostemnemaHx 
patch and a mcently investigated teetosterone gel, and sunmarlaes theeffbcyendsefetydetethat 
havebeenqxxtedinphasellstudksofthetestostemne matrix petch in surgically menopausal 
women with sexual dysfunction and HN-infected women with the ADS wasting syndrome. The 
diffemMeffectsoforalandtmnsderma Iestrogentherapy(ET)cntheccn ceMmUonsoftotalandfree 
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rationale for developing the testosterone tmnsdermal delivery system, to describe the pharmacokinetlcs and 
matabolii of testostenxie transdem7al delivery systems in women, and to illustrate the intluence of con- 
comitant estrogen therapy on testosterone concentrations attained with the transdarmal delivery system. 

INTRODUCTION 
In contrast to the accepted physiological roles of 

testosterone in the male and the importance of diag- 
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nosing and treating testosterone deficiency in men, 
the physiological roles of testosterone in women are 
only beginning to be understood; approaches for 
diagnosing and treating female androgen insuffi- 
ciency are at an early stage (l-4). Transdermal tes- 
tosterone patches and gel products developed for 
daily application have become well accepted thera- 
pies for hypogonadal men in the past decade (5-7) 
but are contraindicated for use in women because of 
their high dosages. Nevertheless, the transdermal 
route is well suited for administering testosterone to 
women, particularly at the lower dosage rates re- 
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quired to produce levels of testosterone and its me- 
tabolites within the normal female ranges. These 
rates are based upon the 300 pg per day of testos- 
terone produced daily in healthy young women, 
about one-twentieth of the daily testosterone produc- 
tion rate in men (1). From a pharmaceutical perspec- 
tive, the lower testosterone dosage requirement for 
women enables the development of smaller, thinner 
and better-tolerated transdermal matrix patches, that 
can be worn for multiple days (8,9). To this end, a 
number of recently reported phase I and phase II 
studies have evaluated the pharmacokinetics, effi- 
cacy and safety of an alcohol-free transdermal tes- 
tosterone matrix patch applied twice weekly to the 
abdomen (lo- 13). The testosterone matrix patch for 
women is currently being investigated in multi-center 
phase III trials for the treatment of sexual dysfunc- 
tion in oophorectomized and naturally postmeno- 
pausal women, and in smaller trials for the treatment 
of HIV-infected women with the AIDS wasting syn- 
drome (14- 16). Early efforts to develop a transdermal 
testosterone gel for women have also been reported 
(17). 

This article will review the current status and 
development of transdermal testosterone delivery 
systems for women. We first discuss the biophar- 
maceutical rationale for transdermal testosterone 
delivery to women. The pharmacokinetic profiles 
of testosterone and its metabolites from studies of 
the testosterone matrix patch and transdermal tes- 
tosterone gel in surgically menopausal women are 
then shown and interpreted. The potential impact 
of concomitant estrogen therapies, which can mod- 
ify the levels of sex hormone-binding globulin 
(SHBG) and thereby alter the binding and meta- 
bolic clearance of testosterone, on the pharmaco- 
kinetics of testosterone are illustrated with data 
from women concomitantly treated with the tes- 
tosterone matrix patch and either transdermal es- 
tradiol or conjugated equine estrogens. Lastly, we 
review the efficacy and safety data from published 
phase II studies of the testosterone matrix patch in 
surgically menopausal women and in HIV-infected 
women. 

For information on the endocrine control of tes- 
tosterone production in women, the pathophysio- 
logic states in which it is reduced, and a consensus 
report on the dlefinition, classification and assess- 
ment of female androgen insufficiency, the inter- 
ested reader is referred to 2 recent review articles 
u,q. 

BIOPHARMACEUTICAL RATIONALE FOR 
TRANSDERMAL TESTOSTERONE 

DELIVERY TO WOMEN 
As in the case of men, the transdermal administra- 

tion of testosterone to women has a compelling bio- 
pharmaceutical rationale, which is explained using 
the schematic diagram of transderrnal permeation, 
metabolism and absorption (Fig. 1) (18). First, the 
short serum half-life of testosterone, e.g., -70 min- 
utes in men (and possibly longer in women) neces- 
sitates a sustained input of hormone to maintain 
serum testosterone levels in the desired physiological 
or therapeutic range. This can be provided by a 
transdermal patch that delivers testosterone continu- 
ously to the skin by passive diffision or by using a 
topical gel, which produces a drug depot within the 
outer layers of the skin. Second, as a lipophilic ste- 
roid hormone, testosterone can readily permeate the 
stratum comeum barrier of the skin, transit the epi- 
dermis, and reach the dermal capillaries where it is 
absorbed. Third, as the 5x-reductase and aromatase 
activities present in the epidermal layer of nongenital 
skin (such as the abdomen) are relatively small, the 
degree of first-pass dermal metabolism of testoster- 
one to dihydrotestosterone (DHT) and estradiol (EJ 
is likewise expected to be small when using a non- 
genital transdermal patch (19,20). The levels of 
DHT and & attained with the patch should, there- 
fore, largely reflect the systemic conversion of tes- 
tosterone to DHT and ET by the liver, skin and other 
target organs, e.g., adipose tissue and brain (21,22). 
It is noteworthy that a testosterone patch developed 
for tram+scrotal application in men produces supra- 
physiological ratios of DHT/T related to the rela- 
tively high levels of 5-m reductase activity in scrotal 
skin, whereas the EJT ratios are normal, indicating 
lower levels of aromatase (23). A quantitative anal- 
ysis of the dermal first-pass effect in scrotal skin 
suggested that 16-20% of the testosterone was me- 
tabolized to DHT before absorption (24). 

An important difference in the transdermal deliv- 
ery of testosterone to women as compared to men is 
the markedly smaller delivery rate required, i.e., 150- 
300 pglday for women versus 2.5-10 mglday for 
men, a difference of about 20-fold (1). As a conse- 
quence of the smaller dosing requirement, transder- 
ma1 testosterone delivery to women can be accom- 
plished by using an alcohol-free matrix patch that is 
worn for multiple days, similar to the second gener- 
ation of transdermal estradiol patches (8,9,25). In 
contrast to the testosterone reservoir patches or scro- 
tal patch that are applied daily by men, the matrix 
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Figure 1. Schematic diagram of transdermal drug transport, including the possibility of transdermal “first-pass” metabolism 
Reprinted with permission from Mazer (18). 

patches for wornen are smaller, more cosmetically 
acceptable and generally much better tolerated 
locally. 

A final consideration in the biopharmaceutical ra- 
tionale for transdermal testosterone delivery in 
women is the absence or reduction of hepatic first- 
pass effects that occur with the oral administration of 
androgens. These effects include marked reductions 
in the concentrations of SHBG and thyroxine-bind- 
ing globulin (26,27), which may impact hormone 
bioavailability, ;and HDL cholesterol (28), which 
may adversely affect cardiovascular risk. 

PHARMACOKINETICS AND METABOLISM 
OF TESTOSTERONE TRANSDERMAL 

DELIVERY SYSTEMS IN WOMEN 
Experimental Testosterone Transdermal Matrix 

Patch in Surgically Menopausal Women 

week. They have been designed to deliver testoster- 
one at rates of 150 and 300 pglday, corresponding 
approximately to 50% and 100% of the daily testos- 
terone production rate in premenopausal women. 

The pharmacokinetics of total and free testosterone 
concentrations before, during and after a 4-day ap- 
plication of the 150 pg/day patch were evaluated in 
I1 oophorectomized women who had been with- 
drawn from prior estrogen therapy (Fig. 2 A, B) 
(1, 10,29). Before patch application, the baseline 
testosterone levels were subnormal and exhibited a 
modest circadian pattern, consistent with the adrenal 
rhythm of testosterone production (1). After patch 
application, the levels rose to the mid- and upper- 
normal ranges and remained relatively constant for 
96 hours. Upon patch removal, the levels returned to 
the baseline pattern within 12-24 hours. The mean 
time-averaged increments in the total and free testos- 
terone concentrations (above baseline) were 27.6 t 

Experimental testosterone transdermal patches are 13.1 (SD) ng/dl and 2.7 + 0.9 pg/ml, respectively. 
currently being developed to provide physiological Assuming a consensus literature value for the meta- 
testosterone treahnent for women (29). The testoster- bolic clearance rate of testosterone in women, i.e., 
one patches for women are alcohol-free matrix 600 liters/day (30-33), the increment in total testos- 
patches that are applied to the abdomen twice a terone corresponds to a mean systemic delivery rate 
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Figure 2 A and 8. Mean (-r; SD) of A, total testosterone, and 8, free testosterone concentration profiles measured in 11 
oophorectomized women before, during and after a 96-hour application of an experimental testosterone transdennal matrix patch 
designed to deliver testosterone at a rate of 150 &day. All subjects had been withdrawn from estrogen therapy for 4 weeks. Dashed 
lines denote normal ranges in premenopausal women. Adapted with permrssion from references 1 and 29. 

of 166 &lay. DHT concentrations showed a profile during the patch application and remained subnormal 
similar to that of testosterone, attaining stable con- (Fig. 3A and B). Analysis of the baseline-subtracted 
centrations in the mid-normal range, whereas estra- hormone concentrations yielded a mean DHT/T ratio 
diol concentrations showed no detectable change of 0.152 ‘I 0.042 and a mean E,/T ratio of 0.004 lr: 

8. 
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Figure 3 A and B. Mean (-t SD) of A, dihydrotestosterone, and 8, estradiol concentration profiles measured in 11 oophorectomized 
women before, during and after a 96-hour application of an experimental testosterone transdemral matrix patch designed to deliver 
testosterone at a rate of 150 &day. All subjects had been withdrawn from estrogen therapy for 4 weeks. Dashed lines denote normal 
ranges in premenopausal women. Data from AJ Bowen et al (10). 
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Figure 4 A, 6 and C. Mean values (filled circles) of A, total testosterone, 8, free testosterone, and C, dihydrotestosterone 
concentration profibes measured in 5 oophorectomized women after 14 consecutive morning applications of a topical gel containing 1 
mg of micronized testosterone. White circles denote baseline (Bl.J values. All subjects were using some form of estrogen therapy. Data 
from Slater et al (li’). Dashed lines denote normal ranges in premenopausal women from Shifren et al (13). 

0.006. The DHT/T ratio is significantly greater than 
the reported systemic conversion ratio of T to DHT 
in women, i.e., 0.029 (21), suggesting that a small 
degree of dermal first-pass conversion of T to DHT 
may be occurring. Based on the model used to inter- 
pret the DHT/T ratio of the trans-scrotal patches (24), 
the present data are consistent with a dermal conver- 
sion of T to DHT of approximately 6%. On the other 
hand, the observed EdT ratio (and its variance) is not 
statistically different fi-om the very small conversion 
ratio of T to E, reported in women, i.e., 0.0005 (22), 
suggesting that there is no detectable dermal conver- 
sion of T to E, It also confirms that the systemic 
conversion of 1’ to E, has a negligible effect on 
circulating E, concentrations in women (22). In con- 
nection with our later discussion on the effects of 
estrogen therapy on testosterone levels, it should be 
noted that the patients in this study had not received 
oral or transdermal ET for at least 6 weeks, and that 
their SHBG levels averaged 52.7 2 29.7 nmol/liter, 
well within the normal range for premenopausal 
women (13). 

Experimental Testosterone Transdermal Matrix 
Patch in Healthy and HIV-Infected Women 

Additional pharmacokinetic studies have evaluated 
the testosterone matrix patch in healthy premeno- 

pausal women and in HIV-infected women, with 
both groups applying two patches simultaneously 
for a total daily dose of 300 pg/day (11). In the 
healthy women, the mean time-averaged incre- 
ments in total and free testosterone were 34.6 ng/dl 
and 5.2 pg/ml, respectively, approximately consis- 
tent with a doubling of the free testosterone incre- 
ment obtained in the surgically menopausal 
women when given at half the dose (150 pg/day). 
For the HIV-infected women, the corresponding 
values were 15.7 ng/dl and 3.0 pglml, respectively, 
suggesting either decreased absorption from the 
patches or increased metabolic clearance of testos- 
terone. Javanbakht et al.( 11) suggest that the latter 
is more likely responsible for their findings, based 
on the particular HIV medications used by their 
patients, which are known to induce hepatic P-450 
enzymes that are responsible for testosterone me- 
tabolism. However, in an earlier phase II study of 
HIV-infected women with AIDS wasting syn- 
drome, Miller et a1.(12) found that the same tes- 
tosterone matrix patches produced substantially 
higher increments of total and free testosterone 
than seen in surgically menopausal women. The 
different HIV medications used by Miller’s pa- 
tients and greater degree of wasting may account 
for the disparate findings between the two studies 
of HIV-infected women. 
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Figure 5 A and 8’. Individual changes from basekne concentrations of A, total testosterone, and B, free testosterone plotted 
vs. the baseline SHIBG levels in surgically menopausal women treated with the testosterone matrix transdermal patch (300 M/day 
delivery rate). White circles denote women concomitantly treated with transdermal estradiol (n -= 24). Black circles denote women 
concomitantly treated with conjugated equme estrogens (n = 89). The changes in free or total testosterone concentrations 
correspond to the time-average increments measured in steady-state pharmacokinetic studies or the average change from 
baseline in morning samples obtained during three months of chronic treatment. Equations In the lower left of each figure 
correspond to a ‘Power Law” regressron analysis of the data from all subjects (n = 113) represented by the straight lines. Adapted 
from Rosario-Janssen and Mazer (37). 

Topical Testosterone Containing Gel in Surgi- 
talky Menopausal Women 

Topical gels containing micronized testosterone 
are compounded and sold in specialized com- 
pounding pharmacies in the U.S. One of the few 
studies to evaluate the pharmacokinetics and me- 
tabolism of such a product was recently reported 
by Slater et al. (17). The mean concentration pro- 
files of total testosterone, free testosterone and 
DHT, corresponding to 14 days of daily morning 
application to the inner thigh of a topical gel 
containing 1 mg of micronized testosterone, was 
measured in 5 oophorectomized women taking es- 
trogen therapy (Fig. 4 A,B,C). The profiles exhibit 
an initial peak over the first 4 hours followed by a 
slow decline over the remaining 24-hour dosing 
interval. The time-averaged increments of total 
testosterone (74 5 ng/dl), free testosterone (15.6 
pg/ml) and DHT (16.0 ng/dl) resulted in concen- 
trations that substantially exceeded the upper lim- 

its of the normal range for premenopausal women 
(as given in reference 13). Assuming a metabolic 
clearance rate of 600 liters/day, the increment in 
total testosterone corresponds to a daily input of 
approximately 450 pg, nearly 50% of the applied 
dose. The DHT/T ratio (calculated from the mean 
time-averaged increments of each hormone) was 
0.215, about 40% greater than the value for the 
testosterone matrix patch. The larger ratio may 
indicate a somewhat greater degree of dermal first- 
pass metabolism with the topical application, 
which could be related to the longer residence time 
of testosterone in the skin. Estrogen concentrations 
were reported not to increase during the testoster- 
one gel application, similar to the findings with the 
testosterone matrix patch. Although the authors of 
this study felt that the hormone and metabolite 
profiles achieved with the testosterone gel had a 
desirable shape, they concluded that the 1-mg dose 
administered might be excessive. 



INFLUENCE OF CONCOMITANT 
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shown in the plots”. For the total testosterone incre- 
ments, the power law had a positive exponent of 
0.2903. whereas for free testosterone increments, the 
power law had a negative exponent of -0.4148 (P < 
10e4 for total testosterone and P < 1O-5 for free 
testosterone). 

Treatment wit!h oral estrogens increases the serum 
concentrations of SHBG and other hormone-binding 
proteins made in the liver in a dose-dependent man- 
ner (34). In contrast, transdermal estradiol does not 
exert this hepatic “first-pass” effect. In accordance 
with the law of mass action, elevations in SHBG 
concentration increase the amount of testosterone 
that is bound to SHBG. In turn, this lowers both the 
metabolic clearance rate of testosterone as well as the 
free testosterone traction (35). At a constant level of 
testosterone production or a constant transdermal de- 
livery rate, the lower metabolic clearance rate leads 
to an increase in the total testosterone concentration. 
Because the free testosterone concentration is the 
product of the total testosterone concentration and 
the free fraction, the effect of elevated SHBG levels 
on free testosterone concentrations depends on 
whether the free fraction decreases more or less 
strongly than the metabolic clearance rate as the 
SHBG concentration increases (36). Experimental 
data presented below indicate that the free fraction 
decreases more strongly than the metabolic clearance 
rate, and therefore the free testosterone concentration 
decreases as the SHBG concentration increases. 

Because oral and transdermal estrogen have differ- 
ent effects on SHBG levels, the concentrations of 
total and free testosterone attained with the matrix 
patch are expected to differ, depending on the type of 
concomitant estrogen therapy. These relationships 
are illustrated by plotting the individual increments 
in total and free testosterone concentrations resulting 
from concomitant treatment with the testosterone 
matrix patch (300 &day dose) and different regi- 
mens of ET versus the individual SHBG concentra- 
tions (Fig. 5 A and B). The data were obtained from 
a combined population of surgically menopausal 
women who had been on stable regimens of either 
transdermal estradiol(O.05 or 0.1 mg/day; n = 24) or 
oral conjugated equine estrogens (CEE) (0.625 mgl 
day or greater; n = 89) (37). Although the subjects 
on CEE generally had higher SHBG levels (median 
206 nmol/liter) compared to those on transdermal 
estradiol (73.2 nmol/liter), there was considerable 
overlap between these sub-populations. Regardless 
of the type of ET, the individual data taken as a 
whole were well described by “power law” regres- 
sion lines, the equations and r values of which are 

Although other factors besides SHBG level 
clearly contribute to the variability of the total and 
free testosterone increments in the population an- 
alyzed, the influence of ET is clearly relevant to 
the individual patient, whose SHBG level could 
vary markedly by the type of ET. As an illustra- 
tion, using the median SHBG values given above 
for transdermal and oral ET, the calculated incre- 
ments in total testosterone for a 300 pg/day tes- 
tosterone matrix patch would be 51.4 ng/dl with 
transdermal E, versus 69.4 ng/dl for oral CEE. 
Similarly, the calculated increments in free testos- 
terone would be 4.6 pg/ml for transdermal E, ver- 
sus 3.0 pg/ml for oral CEE. These calculations 
indicate that for the individual patient who re- 
quires both testosterone and ET, the use of trans- 
dermal E, would result in a substantially greater 
increase in free testosterone levels than if oral 
estrogen therapy were given concomitantly with a 
testosterone matrix patch. 

EFFICACY AND SAFETY OF 
TRANSDERMAL TESTOSTERONE 

ADMINISTRATION IN WOMEN 
Treatment of Sexual Dysfunction in Oophorecto- 

mized Women 

Shifren et al. (13) reported on a phase II study of 
the experimental testosterone matrix patches in a 
population of 75 women with impaired sexual func- 
tion after oophorectomy. The women (ages 31 to 56 
years) received oral CEEs (0.625 mg/day or greater) 
and in random order, 0 (placebo), 150 cLg/day and 
300 pglday testosterone, each for 12-week periods in 
a double-blind crossover design. 

Free testosterone concentrations, which were sub- 
normal at baseline and during placebo, increased to 
the mid-normal range with 150 /.&lay treatment and 
to the upper normal range with 300 pg/day treatment 
(Fig. 6A). Total testosterone concentrations in- 
creased with dose into the supra-physiological range 
(Fig. 6B), a consequence of the supra-physiological 

Tower law regression is used to describe relatiinships be- 
tween vatiables that appear linear when plotted on log-log graphs. 
The exponents in the power law equatiis are identical to the 
slopes of the regression lines shown in such plots. 
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dose-dependent manner and were significantly 
greater than placebo at the 300 pgfday dose (P = 
.03). At the higher dose, the percentages of women 

levels of SHBG from oral ET (Fig. 6C). The concen- 
trations of DHT also increased into the supra-physi- 
ological range (Fig. 7A) as a consequence of the 
elevated SHBG levels. Had they been measured, free 
DHT concentrations would likely have remained 
within the normal range. Estradiol and estrone con- 
centrations did not change with testosterone treat- 
ment and remained within the normal range (Fig. 7 B 
and C), which is consistent with the minimal degree 
of aromatization from testosterone. 

who had sexual fantasies; ma&rbatedyor engaged in 
sexual intercourse at least once a week increased 2-3 
times from baseline. Scores on the Psychological 
General Well-being Index also increased signifi- 
cantly at the higher dose. 

Safety assessments showed that the experimental 
testosterone matrix patches were well tolerated on 
the skin and were not associated with clinically im- 
portant changes in acne or hirsutism. Lipids, hepatic 
enzymes and carbohydrate parameters were unaf- 
fected by transdermal testosterone, consistent with 
the absence of a hepatic first-pass effect. 

Sexual function was assessed with the Brief Index 
of Sexual Functioning in Women (BISF-W), a 22- 
item questionna:ire that provides scores pertaining to 
various aspects of female sexuality as well as an 
overall composllte score (38). The mean BISF-W 
composite score, expressed as a percentage of the 
mean values for normal women (38), increased from 
52% at baseline to 72% during placebo treatment, 
74% during 150 wg/day treatment, and 81% during 
300 &day treatment (P = .05 for comparison to 
placebo) (Fig. 8). Likewise, the scores for frequency 
of sexual activity and pleasure/orgasm increased in a 
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ThoughtsiDesires 

Arousal 

Frequency 

Inil.iation 

Treatment of AIDS Wasting Syndrome 
Miller et a1.(12) conducted a 12-week phase II, 

placebo-controlled, dose-ranging pilot study eval- 
uating the experimental testosterone matrix patch 
in HIV-infected women with the AIDS wasting 
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Figure 8. Mean (t SEM) composite and dimension scores on the Brief Index of Sexual Functioning for Women measured at baseline 
and during treatment with experimental transdermal testosterone patches at doses of 0 (placebo). 150 and 300 &day from study of 
75 oophorectomized with impaired sexual function. All patients rece.ived oral CEEs at doses of 0.825 mgklay or greater. Data are 
expressed as percemtages of the mean values of normal women. l , P < 0.05 vs. placebo. Reprinted with permission from Mazer (1). 
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Figure 9. Free testosterone concentrations (A) and change in werght (B) during 12 weeks of experimental testosterone matrix patch 
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syndrome and low testosterone levels. Three par- 
allel groups of patients applied patches twice 
weekly on the abdomen delivering either 0 (place- 
bo), 150 or 300 pg/day testosterone, respectively. 
Free testosterone concentrations in the placebo 
group remained constant at approximately 2-3 pg/ 
ml, whereas levels in the 150 and 300 pg/day 
groups increased in a dose-proportional manner to 
average values of 5.9 and 12.4 pg/ml, respectively, 
exceeding the upper limit of the normal reference 
range for the 300 pg/day group (Fig. 9A). The 
increases in free testosterone observed in the 150 
and 300 pglday groups were approximately two- 
fold greater than projected from the pharmacoki- 
netic study in oophorectomized women (Fig. 2B) 
and may have resulted from increased absorption, 
altered metabolism or decreased testosterone clear- 
ance in the HIV-infected women. The effect of the 
testosterone patch treatment on body weight is 
shown in Fig. !)B. For the lower dose group, an 
average increase of 1.9 kg was observed after 12 
weeks, whereas for the placebo and higher dose 
groups the increases were 0.6 and 0.9 kg, respec- 
tively (P ==z .05 for 150 pg/day vs. placebo). Qual- 
ity of life indices (RAND 36 Health Survey) also 
improved to the greatest degree in the 150 wg/day 
group. The patches were well-tolerated locally and 
systemically, with no adverse effects on hepatic or 
lipid parameters in these HIV-infected patients. 
The finding that the lower dose group achieved 
better clinical responses than the higher dose 
group may have been related to the more physio- 
logical values of free testosterone achieved with 
that dosing regimen. 

CONCLUSIONS 
As in men, tra:nsdermal testosterone delivery has 

a compelling biopharmaceutical rationale for the 
treatment of walmen requiring androgen therapy. 
Moreover, the much lower dosing requirement in 
women can be achieved with a multi-day matrix 
patch that is lighter, thinner and better tolerated 
than the 24-hour testosterone reservoir patches 
used by men. At present, the testosterone matrix 
patch is furthest advanced in clinical development 
and appears to provide more physiological concen- 
trations and profiles of testosterone and its DHT 
metabolite than c:urrently studied compounded top- 
ical gels containing micronized testosterone. In 
contrast to transdermal testosterone delivery in 
men, which substantially raises the concentration 
of circulating estradiol (39, 40), a negligible effect 
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on circulating estradiol concentrations is observed 
during transdermal testosterone delivery in 
women. On the other hand, bv markedlv raising 
SHBG levels, the concomitant use of oral*estrogei 
therapy increases the total and decreases the free 
concentrations of testosterone achieved with the 
testosterone matrix patch. Transdermal estrogen 
therapy does not alter SHBG concentrations and 
does not seem to influence testosterone levels in 
this way. 

Phase II placebo-controlled studies reported with 
the experimental testosterone matrix patch indicate 
beneficial effects on sexual function and mood in 
oophorectomized women, and improvements in 
body weight and quality of life in HIV-infected 
women with low androgen levels. Although these 
studies have been relatively short term (3-9 
months), the safety data reported to date have 
shown excellent local tolerability of the patches, 
no virilizing effects, and no adverse biochemical 
effects on lipids, hepatic enzymes and carbohy- 
drate parameters. 

Although larger phase III trials are needed to con- 
firm the efficacy and safety findings reported thus 
far, transdermal testosterone therapy seems to be a 
promising new approach for providing physiologi- 
cally based treatment of women requiring androgen 
therapy. 
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Abstract 

Recent advances have added substantially to our understanding of the biology of estrogens. Estrogens are no 
longer considered to differ only in potency. Two estrogens can have similar effects in one tissue and very different 
effects in another. Additionally, an estrogen can have different effects in different tissues. It is now recognized that 
there are at least two estrogen receptors, ER-a and ER-p, and that it is quite likely that estrogens also work through 
non-genomic mechanisms. The development of new methods of chromatographic separation has aided substantially 
in our ability to characterize the composition of Premarin, including the identification of estradiene, the fourth-most 
abundant estrogen in Premarin. Recent studies have contributed to our understanding of the unique profile of A8,9 
dehydroestrone sulfate, another of the Premarin estrogens. It was found that A8r9 dehydroestrone sulfate is an active 
estrogen with a distinct pharmacological profile that results in significant clinical activity in vasomotor, neuroen- 
docrine and bone preservation parameters. However, it displayed little or no efficacy, at the dose studied, on other 
peripheral paramebers normally affected by classical estrogens. Increasing knowledge of the unique profiles of the 
Premarin components, as well as their complex interaction, will help to increase ‘our understanding of the clinical 
profile of Premarin. 0 2000 Elsevier Science Ireland Ltd. All rights reserved. 

Keywords: Estrogen replacement thearpy; Reproductive hormones; Dementia 

1. Introduction 

Technological advances have dramatically in- 
creased our knowledge of estrogen replacement 
therapy. Although estrogens have been on the 
market in the United States for over 58 years, 
researchers continue to discover more and more 
about their effects on various tissues. Unlike most 

* Corresponding author. Tel.: + l-610-90240.50; fax: + l- 
610-9645683. 

E-mud uddress: deym@abs.wyeth.com (M. Dey) 

areas of pharmaceutical research, in which new 
discoveries come out of the laboratory, most of 
the discoveries involving estrogens have been 
gained from clinical practice, sending pharmaceu- 
tical companies back to the laboratory in an 
effort to understand the mechanisms by which 
these estrogens produce their effects. In the past, 
estrogens were considered strictly reproductive 
hormones. It is now apparent that estrogens not 
only affect the reproductive tissues but also affizct 
the bone [l], the vascular system [2], and the 
brain, both in relation to vasomotor symptoms [3] 

0378-5122/N/$ - see front matter 0 2000 Elsevier Science Ireland Ltd. All rights reserved. 
PH: SO378-5122(00)00110-9 
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Fig. 1. Chromatogram that identifies the complex mixture of estrogenic (E), progestogenic (P), and androgenic (A) components of 
Premarin. 

and, reportedly, to the prevention of dementia 
[4,5]. Estrogens have also been reported to reduce 
the risk of macular degeneration [6], and an 
American Cancer Society study indicated that 
estrogens were important in the prevention of 
colon cancer [7]. As the concept of estrogens has 
changed, one of the fundamental questions that 
has arisen is how an estrogen working through a 
single estrogen receptor can have such a wide 
variety of different effects. This article explains 
how advances in analytical technology and molec- 
ular endocrinology have widened our understand- 
ing of the mechanisms of estrogen and, as a result, 
of estrogen replacement therapy. 

2. Components in coujugated estrogens (Premarin) 

Premarin@’ (conjugated estrogens tablets, USP) 
is a natural product derived exclusively from the 
urine of pregnant mares. When Premarin was first 
approved in the United States in 1942, it was 
believed to contain principally two estrogens, es- 
trone and equilin, :along with others not identified 
at that time [8]. Tlhe reason for this was that the 
analytical method used, the Marrian-Kober reac- 
tion [9], involved a calorimetric procedure that 

’ Wyeth-Ayerst Laboratories, St Davids, PA. 

gave investigators two sets of peaks, one corre- 
sponding to estrone, one to equilin. Unbeknownst 
to investigators, all of the other components in 
Premarin were buried under these two peaks. It 
was not until the development of the packed 
column gas chromatographic method in 1972 that 
Premarin was shown to be made up of a number 
of other components [lo]. Since then, Premarin 
has been thought to be comprised of at least 10 
estrogens, estrone comprising about 50%, equilin 
comprising about 22X, and the others - eg 
deltas*9-dehydroestrone, a newly researched estro- 
gen which is discussed in more detail below - 
comprising the remaining 27% [l I]. Thus, thanks 
to further advances in technology, we now know 
that Premarin is far more complex than originally 
believed. High-pressure liquid chromatography/ 
mass spectrometry has revealed not only estrogens 
but also androgens and progestins in Premarin 
[12] (Fig. 1). 

Determining the composition of Premarin is 
important because all estrogens are not the same: 
an estrogen can have different effects in different 
tissues, and two estrogens can have similar effects 
in one tissue but very different effects in another 
[13]. These data are now well established. In 1975, 
Beck and Friedrich compared equilin to Premarin 
[14]. Using relief of vasomotor symptoms and 
changes in the vaginal epithelium as clinical end 
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points, they concluded that equilin was two and a 
half times  more potent than Premarin. In 1988, 
however, Lobo et al. concluded that equilin was 
only half as potent as Premarin when urinary 
calcium excretion was used as the clinical end 
point [15]. Thus, dramatically different conclu- 
sions about the relative activity and relative po- 
tency of various estrogens are possible depending 
upon the end point or the tissue being considered. 

3. Action of estrogens 

Today, the fact that estrogens can have a wide 
range of effects is commonly known. An estrogen 
can be a  full agonist such as 17 lSestradio1, or 
they can be a  full antagonist such as the ICI 
compounds [13]; in between are the m ixed func- 
tion compounds,  such as tamoxifen and ralox- 
ifene, which are partial agonists, partial 
antagonists, depending upon the tissue being ana- 
lyzed (Fig. 2) [16]. 17 P-estradiol, for example, 
stimulates in each of three tissues, the uterus, the 
bone, and the breast, whereas the ICI compound 
has no effect in any of the t issues [11,13]. In the 
case of tamoxifen and raloxifene, both stimulate 
in the uterus (althlough the potency changes such 

that tamoxifen stimulates the uterus more than 
raloxifene); both stimulate in bone (although 
while in the bone, raloxifene is a  better stimulator 
or protector of bone loss than tamoxifen); and 
both tamoxifen and raloxifene appear to be an- 
tagonists or growth inhibitors in the breast [13]. It 
is likely that many of the Premarin components 
fall into this m ixed function group [17]. 

W ith these advances in our knowledge, three 
central tenets of estrogen action have become 
outdated: first, that the biological activity of an 
estrogen receptor l igand is directly proportional 
to its binding affinity to the receptor; second, that 
all estrogens are functionally the same and when 
corrected for this affinity are indistinguishable; 
and third, that the estrogen receptor works in a  
vacuum. This article will d iscuss these in more 
detail. 

It is no longer accepted that an estrogen’s re- 
ceptor-binding activity predicts its biological ac- 
tivity. When  the 10 estrogens originally shown in 
Premarin were ranked according to their binding 
affinity to the human estrogen receptor, the estro- 
gen with the highest binding affinity was 17 p- 
estradiol, followed by 17 fi-dihydroequilin, and so 
on (Fig. 3) [18]. Of interest in this case is the fact 
that delta8*9-dehydroestrone, which ranked ninth 

A Mixed Function (Tissue Selective) -----D 

Estraldiol (E,) Tamoxifen (T) Raloxifene (R) 

4---- Premarin Components ---+ 

Uterus Bone Breast 

Fig. 2. The status of different setrogenic compounds as agonists or antagonists. Estrogens can be  full agonists (estradiol), partial 
agonist/antagonist (tamoxifen, raloxifene), or full antagonists (ICI). The estrogenic effects of these compounds on  different t issues 
are illustrated in the three graphs. 
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Fig. 3. IRelative binding affinity and potency of receptor activation of different Premarin components. 

out of 10 in terms of binding affinity, ranked 
second only -- after 17 P-e&radio1 -- in its 
ability to produce a biological effect, i.e. to acti- 
vate a gene (in this case the C3 promoter). 
Clearly, its binding affinity did not reflect its 
ability to turn on the C3 promoter. In the case of 
the consensus estrogen response element (ERE), 
delta*a9-dehydroes trone’s activity ranked third, be- 
hind 17 P-estradiol and estrone [18]. Again this 
was not reflected by its binding affinity; nor, in 
fact, was that of many other estrogens. Thus, 
depending upon the gene, we see in fact the 
binding affinity does not necessarily predict bio- 
logical activity. 

4. Clinical trials 

It is one thing to look at receptor-binding activ- 
ity and compare an estrogen’s ability to activate 
genes, another to ask the fundamental question of 
whether this model is predictive of what happens 
clinically. Two similar trials examined the clinical 
effects of delta*y9-dehydroestrone [19,20]. For the 
sake of space, only one trial’s results will be 
discussed here [19]. In that trial, 30 post- 
menopausal women were divided randomly into 
three treatment groups, 10 women per group. One 
group received estrone sulfate at 1.25 mg/d, the 
second group received delta8,9-dehydroestrone sul- 
fate at 0.125 mg/d (one tenth the dose of estrone 

sulfate), and the third group received the two 
drugs combined at the same respective doses. 
Estrone was put into the study as a positive 
control. Estrone sulfate is a component of Pre- 
marin and a dose of 1.25 mg/d is known to be 
effective in preventing bone loss. The dose of 
estrone sulfate was used to set the dose for 
deltas*9-dehydroestrone sulfate to keep both drugs 
in the same relative proportion that they are 
present in a Premarin tablet. 

A  number of different clinical end points were 
examined. The first end point was urinary excre- 
tion of N-telopeptide, an important marker for 
bone resorption. Levels of urinary N-telopeptide 
increase in women after menopause, reflecting an 
increase in bone resorption. Replacing a woman’s 
estrogens leads to a decrease in the excretion of 
N-telopeptide, an effect seen in this trial, in which 
there was a significant, 40% reduction in urinary 
N-telopeptide with 1.25 mg of e&one [19]. This is 
consistent with estrone sulfate’s effectiveness in 
the prevention of bone loss at a dose of 1.25 mg. 
Delta8T9-dehydroestrone sulfate at one tenth that 
dose (0.125 mg/d) produced an identical and sig- 
nificant 40% reduction in urinary N-telopeptide, 
and delta8*9-dehydroestrone sulfate and estrone 
sulfate combined also produced a 40% reduction. 
Thus there was no additive effect of the two 
together. Clearly, in terms of its ability to prevent 
bone resorption, delta8x9-dehydroestrone sulfate 
appears to be a very potent estrogen. 
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Fig. 4. Effect of es&one sulfate and delta ‘s9-dehydroestrone sulfate on the number of hot flushes per day in postmenopausal women. 
Data represent the mean f SEM of five patients per group. “P < 0.001 versus respective baseline value; bP < 0.005 versus the estrone _ - _ 
sulfate-treated group. DHES, dehydroestrone sulfate. 

The same trial evaluated the effects of delta8,9- 
dehydroestrone on symptoms, the second end 
point, specifically the number and severity of hot 
flushes. In those: women receiving 1.25 mg of 
estrone, a significant reduction occurred in the 
number of hot flushes per day (Fig. 4) [19]. A 
similar, significant reduction in the number of hot 
flushes occurred with 0.125 mg of delta*q9-dehy- 
droestrone rate when the two estrogens were com- 
bined, there was an almost complete resolution of 
the hot flushes. Similar results were found for the 
severity of symptoms. 

The third end point was biochemical markers of 
estrogen action. Serum levels of follicle stimulat- 
ing hormone (FSH) declined 40%50% with 1.25 
mg of estrone sulfate (Fig. 5) [19]. A similar effect 
of 0.125 mg of delta8%9-dehydroestrone was found, 
although it appears to have been slower. When 
both estrone and delta8,9-dehydroestrone were 
combined, there was a slight increase in suppres- 
sion of FSH. Again, deltas*9-dehydroestrone here 
was present at one tenth the dose of estrone. 
Investigators found similar results for luteinizing 
hormone (LH): estrone produced approximately a 
20% reduction in circulating levels of LH as did 

: -60 -1 , I 

B 14 26 42 56 70 64 

Days After Treatment 

Fig. 5. Effect of esteronc sulfate and deltas9-dehydroestrone 
sulfate on serum follicle-stimulating hormone levels in post- 
menopausal women. Data represent the mean f SEM of ten 
patients per group. Open squares indicate FSH levels before 
treatment initation. Solid symbols indicate FSH levels (percent 
change from baseline) at different times during therapy. Aster- 
icks denote statistically significant differences compared to 
baseline (P <0.05). B, baseline; ES, estrone sulfate; DHES, 
dehydroestrone sulfate. 
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studied endothelial cells grown in culture and 
exposed to various conditions. When endothelial 
cells were then exposed to oxidized LDL alone, 
80% died, or, in other words, 20% survived [24]. 
With the addition of the estrogens (at the same 
concentration) to cells exposed to oxidized LDL, 
each estrogen enhanced cell survival beyond that 
of those exposed to oxidized LDL alone. Even 
though 17 P-estradiol doubled the survival over 
the cells exposed only to oxidized LDL, so that 
the survival went from 20 to 40”/, other estrogens 
were significantly more effective; several of them 
enhanced survival beyond the control, resulting in 
better than 100% survival. It is important to note 
that, although the estrogens were able to enhance 
survival of the endothelial cells directly exposed to 
oxidized LDL, there was nevertheless a wide 
range in their abilities to do this. Delta*.“-dehy- 
droestrone was the most effective, several times 
more effective than 17 S-estradiol or e&one. 

6. Recent compoalents identified in Premarin 

One of the newest estrogens in Premarin being 
characterized by investigators is estradiene, the 
fourth most abundant estrogen in Premarin. It is 
present in amounts about three times greater than 
that of delta**9-dlehydroestrone and has activity 
similar to delta8,‘3-dehydroestrone. In pre-clinical 
study models that studied its effect on total 
cholesterol, an increase in the dose was associated 
with a corresponding decrease in total plasma 
cholesterol [24]. In the case of the uterus, an 
increase in dose was associated with an increase in 
uterine weight in animals [24]. Thus estradiene’s 
activity in these two tissues is very similar to that 
of delta8*9-dehydroestrone. 

7. Tissue specificity of estrogens 

The issue that arises from these recent data is 
how these estrogens can differ from one another 
with regard to the varying activity from tissue to 
tissue. The answer to this question may lie in our 
knowledge of the estrogen receptor and what we 
understand to be the mechanism by which the 

estrogens activate the genes. In the early 197Os, a 
common concept to explain this mechanism was 
the lock and key hypothesis, which in large part 
was developed using estrogens. It was thought 
that the estrogens’ principal role was to bind to 
the ligand binding domain of the estrogen reccp- 
tor and convert that inactive receptor through a 
conformational change to an active dimer of the 
receptor. This then enabled that active receptor 
with its estrogen to bind with the target region of 
the gene and alter the profile of the cell. An 
estrogen agoinst was thought to change the shape 
of the receptor while an antiestrogen was believed 
to bind to that same site of the receptor and block 
the estrogen from binding, thus blocking the con- 
formational change of the inactive receptor to its 
active form. 

The problem with this model is that it does not, 
or cannot, explain the relevant data. One clinical 
piece that signaled a change in our thinking about 
this model of how estrogens work was a study 
conducted by Love et al. [25] published in the 
New England Journal of Medicine in 1992. Love 
et al. studied the effect of the antiestrogen, tamox- 
ifen, versus placebo on the loss of spinal bone 
mineral density in a group of women over 24 
months. Tamoxifen is given to women to inhibit 
the growth of estrogen receptor- dependent breast 
tumors. Since estrogen was shown to be required 
for maintenance of bone mineral density, it is 
likely that Love and colleagues expected that an 
antiestrogen like tamoxifen would oppose the es- 
trogen’s action and that bone quality in those 
patients would decline. Surprisingly, the resulting 
data showed that women on tamoxifen, the anti- 
estrogen, not only did not lose bone but actually 
gained bone. The fact that in this study tamoxifen 
actually functioned as an estrogen in bone re- 
vealed that the simple model of estrogen action 
cannot be correct. This was a crucial observation. 
The tamoxifen paradox has taught researchers a 
number of lessons: that this classical model for 
estrogen receptor action is incorrect, that the clas- 
sification of compounds as agonists and antago- 
nists is tissue- and cell-dependent, that the 
mechanism of action of estrogen action is not the 
same in all cells, and that it is in fact possible to 
develop tissue-selective estrogens. 
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8 . Mechan i sms  o f es t rogens  act ions 

Th ree  recent  d iscover ies  w e r e  ma jo r  b reak -  
th r o u g h s  in  u n d e r s ta n d i n g  o f th e  m e c h a n i s m  o f 
es t rogen  ac t ion  a n d  h e l p e d  to  i l luminate  fur ther  
h o w  di f ferent es t rogens,  desp i te  work ing  th r o u g h  
th e  s a m e  receptor ,  c a n  m a n i fest  di f ferent b io log ies  
in  di f ferent t issues. T h e  first w a s  th e  d iscovery  by  
J a n - A k e  G u s ta fsson a n d  h is  g r o u p  a t th e  Karo l in -  
ska  Inst i tute in  1 9 1 9 5  o f a  s e c o n d  es t rogen  recep-  
tor,  E R P  [2 6 ]. T h e  first es t rogen  receptor ,  E R c t, 
w a s  i d e n tifie d  by  E l w o o d  J e n s e n  a n d  Jacn  Gorsky  
in  th e  m id  1 9 6 0 ’s. E R P  w a s  d iscove red  by  
G u s ta fsson, remarkab ly ,  in  th e  m a l e  rat prosta te  
w h e n  h e  w a s  look ing  fo r  a l te red  a n d r o g e n  recep-  
tors.  A  n u m b e r  o f t issues h a v e  n o w  b e e n  v iewed,  
revea l ing  th a t th e r e  is a  di f ferent ia l  loca l izat ion in  
m a n y  o f th e s e  t issues fo r  th e  di f ferent es t rogen  
receptors.  For  e x a m p l e , in  th e  case  o f th e  
prostate,  th e r e  is n o  E R o l  b u t th e r e  a re  h i g h  leve ls  
o f E R P . In  c o n trast, th e  u te rus  c o n ta ins  m o s tly 
E R u . T h e  ovary  c o n ta ins  b o th  ERc l  a n d  E R P , 
a l t hough  th e y  a re  loca ted  in  di f ferent cel l  types in  
th e  ovary.  In  th e  pitui tary, a g a i n  b o th  ERc r  a n d  
E R fi a re  expressed i ;  h o w e v e r , E R P  a p p e a r s  to  b e  
exp ressed  in  di f ferent cel l  types th a n  E R a , wh ich  
m a y  h e l p  exp la in  th e  d i f fe rence s e e n  wi th de l ta8*9-  
d e h y d r o e s t rone in  re la t ion to  its e ffects o n  F S H  
a n d  L H  a n d  its lack o f e ffects o n  prolact in.  

T h e  s e c o n d  ma jo r  d iscovery  is re la ted  to  th e  
structural  d i f fe rences in  th e s e  two receptors.  T w o  
di f ferent reg ions  a re  par t icu lar ly  interest ing:  th e  
D N A  b ind ing  reg ion  a n d  th e  l i gand -b ind ing  re-  
g i o n . B o th  es t rogen  receptors  h a v e  a p p r o x i m a te ly  
th e  s a m e  n u m b e r  o f a m i n o  ac ids  in  th o s e  two 
reg ions  [2 4 ]. The re  a re  8 0  a n d  8 3  a m i n o  ac ids  in  
th e  D N A  b ind ing  d o m a i n  a n d  2 4 3  a n d  2 5 0  a m i n o  
ac ids  in  th e  l igand!  b i nd ing  d o m a i n  o f E R a  a n d  
E R P , respect ively.  H o w e v e r , a  c loser  look  a t th e  
s e q u e n c e  o f th o s e  a m i n o  ac ids  revea ls  th a t th e y  
a p p r o a c h  9 7 %  h o m o l o g y  in  th e  D N A  b ind ing  
d o m a i n , wh ich  s u g g e s ts th a t th e s e  di f ferent est ro-  
g e n  receptors  b i n d  to  th e  s a m e  reg ion  o f D N A . In  
th e  l i gand  b ind ing  d o m a i n , h o w e v e r , th e y  a re  on ly  
a b o u t 6 0 %  h o m o l o g o u s , s u g g e s tin g  th a t th e y  b i n d  
di f ferent es t rogens  to  di f ferent d e g r e e s . Th is  h a s  
b e e n  b o r n e  o u t by  es t rogen  receptor  b i nd ing  d a ta . 

A  s e c o n d  d iscovery  w a s  m a d e  in  D o n a l d  Mc-  
Donne l l s’s l ab  a t D u k e  Univers i ty  by  a  p o s t-doc-  
to ra l  scientist,  Dav id  C l e m m  [2 7 ]. A s  d iscussed  
a b o v e , th e  o ld  c o n c e p t o f th e  es t rogen  receptor  
s t ipu la ted th a t th e  receptor  w a s  e i ther  in  th e  
inact ive c o n fo r m a tio n  o r  th e  act ive c o n fo r m a tio n . 
C l e m m  be l i eved  th a t th is  c o n c e p t w a s  inaccurate ,  
theo r i z ing  th a t th e  es t rogen  receptor  cou ld  ta k e  
o n  a  var iety o f c o n fo r m a tio n s  d e p e n d i n g  o n  th e  
es t rogen  it b o u n d . A n  a n a l o g y  w a s  th e  work ings  
o f a  rheostat  o n  a  l ight  switch: ins tead  o f e i ther  
b e i n g  o ff o r  o n , it c a n  ta k e  o n  a  var iety o f 
di f ferent leve ls  o f l ight ing in  a  r o o m  or  di f ferent 
c o n fo r m a tio n s . C l e m m  d e m o n s trated th a t w h e n  
di f ferent es t rogens  b i n d  to  th e  receptor ,  th e y  
c a u s e  th e  receptor  p ro te in  to  shift in to a  di f ferent 
c o n fo r m a tio n . A s  th e  di f ferent es t rogens  dr ive  th e  
receptor  in to di f ferent s h a p e s , th e  di f ferent con -  
fo r m a tio n s  th a t resul t  m a y  th e n  b e  th e  bas is  fo r  
d i f ferent ia l  leve ls  o f activity o r  t issue selectivi ty. 
Fur thermore ,  n o t a l l  th e  cel ls  recogn ize  al l  th e s e  
s h a p e s  i d e n tically. 

Th i rd  a n d  p e r h a p s  m o s t impor tan t  w a s  th e  
d iscovery,  in  1 9 9 6 , o f co-act ivators by  S e r g i o  
O i iate in  B e r t C Y M a l l e y ’s l ab  in  H o u s to n  [2 8 ]. 
T h e s e  co-act ivator  o r  co - repressor  p ro te ins  a re  
be l i eved  to  b e  a b l e  to  recogn ize  th e  di f ferent 
s h a p e s  o f th e  es t rogen  receptor  comp lex  a n d  faci l -  
ita te  th e  b i nd ing  a n d  act ivat ion o f speci f ic  seg -  
m e n ts o f D N A . A s  a  resul t  s o m e  cel ls  h a v e  
co-act ivators th a t recogn ize  th e  s h a p e  o f th e  es-  
t rogen  receptor ,  o the r  cel ls  h a v e  co-act ivators th a t 
recogn ize  a n y  s h a p e  o f th e  ex t rogen  receptor  com-  
p lex.  In  a l l  p robabi l i ty  speci f ic  co-act ivator  
p ro te ins  a re  th e n  exp ressed  in  th e  u terus,  th e  
bra in ,  o r  th e  b o n e , t issues th a t recogn ize  di f ferent 
s h a p e  o f th e  es t rogen  receptor .  

9 . suumla ry  

Acco rd ing  to  th e  m o d e l  o f th e  es t rogen  o r  
s tero id  h o r m o n e  receptor  as  w e  u n d e r s ta n d  it 
to d a y , a n  es t rogen  o r  l i gand  m igrates th r o u g h  th e  
cel l  m e m b r a n e  a n d  in to th e  nuc leus ,  w h e r e  it 
b i nds  wi th th e  receptor ,  wh ich  c h a n g e s  c o n fo rma -  
tio n  a n d  fo rms  a  h o m o  d imer .  T h e  resu l t ing l ig-  
a n d - i n d u c e d  c o n fo r m a tio n  th e n  e n a b l e s  
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co-activator or co-repessor complex formation 
which in turn, enables tissue specific gene expres- 
sion to occur. This model explains how estrogens 
acting through the same receptor can induce dif- 
ferent receptor conformations, resulting in differ- 
ent biologies . 
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Recently a tenth equine estrogen, IdentiGd as the sulfhte ester of A’-estrone has been reported to 
be present in Prema& (a conjugated equine estrogen preparation), and because of its unique ring 
B unsaturateld structure (conjugated double bond in the B ring), we have, in the present study, 
determined its pharmacokinetics in postmenopausal women and men, its interaction with uterine 
estrogen receptors and its uterotropic activity. After the administration of [‘4C]As-estrone, blood 
was drawn at various time intervals, and the plasma fractionated into the unconjugated sulfate and 
ghtcuronide tractions. The disappearance of radioactivity as A’-estrone from plasma can be 
described as :a function of two exponentials. The half-lives of the first and second components were 
5 f 0.2 and 410.4 min, respectively. The mean metabolic clearance rate calculated (MCR), was 
1711+ 252 l/d m*. From the unconjugated &action, A*-17/1-estradiol was also isolated and identified. 
From the sullhte conjugated fraction, A*-estrone sulfate and A*-17/I-estradiol sulfhte were isolated in 
almost equal amounts. No other metabolites of A*-estrone was detectable in the plasma. Both As-es- 
trone and A’-17/?-estradiol bind with human endometrial and rat uterine estrogen receptors with 
high aiRnity. The binding alRnities of A*-17@5stradiol for human endometrial and rat uterine cyto- 
plasmic receptors were 4 and 25 times higher than those of the parent estrogen As-estrone, respect- 
ively. Administration of As-estrone and A’-17/&zstradiol (2 &lOO g body weight) to immature rats 
significantly (PC 0.05) increased the uterine weight compared to the controls. These data demon- 
strate that As-estrone has estrogenk activity, and that it is further metabolized in man to a single 
more potent estrogen, A*-17/I-estradiol. The extent of this activation by 17fl-reduction appears to be 
greater than ,that observed with other estrogens. Both estrogens circulate as sulfate conjugates and 
are very slowly eliminated &om the circulation. These data further suggest that A*-estrone and its 
major metabolite A*-17/3-estradiol can contribute to the overall in wiwo biological effects of l+e- 
marin. 0 1998 Rlsevier Science Ltd. All rights reserved. 
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JNTRODUCTION lin (Eq; 3-hydroxy-1,3,5(10)7-estratetraen-17-one), 

Conjugated equine estrogen preparations such as 
Premarin’ (Wyeth-Ayerst, Philadelphia, PA), are 
widely prescribed for estrogen replacement therapy 
for prevention of osteoporosis and cardiovascular dis- 
ease in postmenopausal women. Premarin contains [ I] 
the sulfate esters of the ring B saturated estrogens es- 
trone (Et), 17/I-estradiol (17&E&, and 17r-estradiol 
(17r-Ea), and the ring B unsaturated estrogens equi- 

equilenin (Eqn; 3-hydroxy-1,3,5(10)6,8-estrapentaen- 
1 7-one), 17+dihydroequilin (17r-Eq; 1,3,5(10)7- 
estratetraen-3,17x-diol); 17/Ldihydroequilin (17BEq; 
1,3,5 (10)7-estratetraen-3,17@diol), 17bdihydroequi- 
lenin (17/kEqn; 1,3,5(10)6,8-estra-pentaen-3,17/G 
diol) and 17x-dihydroequilenin (17z-Eqn; 
1,3,5,(10)6,8-estrapentaen-3,17+diol). Recently, a 
novel ring B unsaturated estrogen component ident- 
ified as As-estrone (A*-Er, A*-estrone; 3- 

*Cotxspondence 10 B. R Bhavmmi. Tel. 416 8645089; Fax: 416 
hydroxyl,3,5(10)8-estratetraen-17-one) has been 

8645046; e-mail: bhavnani@smh.tomnto.on.ca. found in Premarin. The StruCNres of these ten estro- 
Received 16 Feb. ! 998; accepted 12 May 1998. gens are shown in Fig. 1. Approx. 3.5% of the total 
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Fig. 1. Shvcture of estrogens present in pregnant mare’s urine. AU of these estrogens in their sulfate ester 
form al-e present itI the drug Premaritl. 

estrogens present in a Premarin tablet is made up of 
A8-estrone sulfate (A8-E,S), and it is the fifth most 
abundant component. Bhavnani ef al. [2], reported 
that small doses (0.125 mg; amount present in one 
2.5 mg Premarin tablet) of As-E,S, administered to 
post-menopausad women daily for 8 weeks, decreased 
the levels of urinary IV-telopeptides, a marker for 
bone turnover, :and also increased the lag time for the 
oxidation of low density lipoprotein bound cholesterol 
(LDL-C). Thes.e results suggested that even though 
As-EIS makes up only a small percentage of the total 
estrogens present in Premarin, it has significant estro- 
genie activity and it can contribute to the overall ben- 
eficial effects on bone and cardiovascular systems 
ascribed to Premarin. 

There is no information available regarding the 
metabolic fate of A*-El and As-E,S in any species, 
and therefore we decided to investigate the pharma- 
cokinetics of A,‘-E, and As-EIS by methods pre- 
viously described for other ring B unsaturated 
estrogens [3,4]. To carry out these studies, high 
specific activity (radioactive) labeled As-E, and As- 
EIS are required. Though we were able to obtain 
[‘%I AS-E, and [14c] A*-E,S via custom synthesis, 

the high specific activity [14c] A8-EIS decomposes 
fairly rapidly and was unsuitable for human exper- 
imentation. Similarly, attempts to stabilize the [14C] 
As-EIS by adding large amounts of tris-(hydroxy- 
methyl) aminomethane according to a U.S. patent [5], 
also resulted in a product that was not suitable for 
intravenous administration to humans. Therefore, in 
the present study, the pharmacokinetics of only As-El 
were determined by the administration of [14C] As-EL 
using the single injection technique [3,4,6]. The 
metabolic clearance rate (MCR) of As-E, was deter- 
mined and its main metabolites in blood were ident- 
ified. We have also determined the interaction of As- 
El and its main metabolite As-171]-estradiol with 
human endometrial and rat uterine estrogen recep- 
tors, and used a rat bioassay to assess their in viva 
uterotropic activity. 

MATERIALS AND METHODS 

Subjects 

Five healthy postmenopausal women aged 37-83 yr 
were studied. Subjects were in good health and were 
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taking no medication for at least 10 days before the 
experiment. For comparison and for standardization 
of the methods, the experiments were first carried out 
in two men aged 59-68yr. All subjects had given 
informed consent before the procedure, and the pro- 
ject was approved by the Human Subjects Ethics 
Board of the Hospital and University. 

Animals 
The animals used were immature female Sprague- 

Dawley rats (1’8-19 days old) obtained from Charles 
River (Montreal). For estrogen receptor assays, the 
rats were decapitated and their uteri were removed, 
fat trimmed, flash frozen, and stored in liquid nitro- 
gen. For some experiments frozen uteri processed as 
above were obtained from PEL-Freeze (Ar., USA). 

Tissues 
Endometrial samples were obtained from patients 

undergoing dilatation and curettage for diagnostic 
purposes and were processed as described 
previously [7] _ 

Isotopes 
[9,1 l-‘*Cl A”-estrone ([j4Cl As-El; 65 mCi/mmol) 

was obtained through custom synthesis (Amersham), 
and was provided by Wyeth-Ayerst (Philadelphia). It 
was purified by HPLC using system A. The major 
peak at 25 min corresponded in mobility to authentic 
unlabeled AR-E,, (Wyeth-Ayerst, Philadelphia). This 
material was repurified by using system B and its 
radiochemical purity was found to be over 95%. The 
purity was further confirmed by conversion to [r4C] 
A8E,-3-acetate. A single peak of radioactive material 
corresponding to authentic As-Et-3-acetate, was 
observed. Prior to each experiment, the radiochemical 
purity of [14Cl As-El was rechecked by HPLC. 
[2,4,6,7-‘N]-17fi-estradiol ([3H]-17/&Es; 100 Ci/ 
mmol) was obtained from NEN (DuPont, Boston, 
MA) and was over 95% pure when checked by 
HPLC using system B (retention time 18 mm). 

Measurement of radioactive materials 
Radioactivity was measured in a liquid scintillation 

spectrometer (Beckman model LS 5000 TA, 
Toronto, Ontario). The radioactive materials in aqu- 
eous samples were measured by counting 0.5 ml ali- 
quots in 3.5-5 ml of scintillation cocktail (Beady 
Value, Beckman). All other samples were counted 
using 5 ml toluene phosphor containing 0.4% 
Omnifluor (Scintillation dry mix, BDH, Toronto). 
Each sample was counted for sufficient time to bring 
the counting errors to less than 2%. All counts were 
corrected to 100% efficiency by external standardiz- 
ation. 

Extraction of plasma 
Plasma was extracted as described previously [3], 

and the method summarized in Fig. 2. Briefly, to 
monitor procedural losses, known amounts (0.2 pmol; 
50 p(g) of carrier As-El and A8-17fi-Es were added to 
each plasma sample. The plasma (IO-1 2 ml) was 
then fractionated into unconjugated, sulfate and glu- 
curonide fractions. The glucuronide fraction con- 
tained insufficient amount of radioactivity and was 
not processed further. Residues from extracts contain- 
ing unconjugated and sulfate conjugated estrogens 
were stored at -20°C until further processing. 

l%$icarion of steroid 

Details of methods used to purify the various estro- 
gens have been previously described [3,4,8]. Briefly, 
steroids were purified by reverse phase high perform- 
ance liquid chromatography (HPLC) using a 
Beckman system Gold model 126 equipped with a 
DU 167 W detector and a ODS-Cl8 column 
(4.6 x 250 mm or 10 x 250 mm). The solvent systems 
used were (A) acetonitrile-water-acetic acid (37:63:1); 
(B) acetonitrile-water-acetic acid (35:65:1); (C) aceto- 
t&rile-water-acetic acid (50:50:1). During the devel- 
opment of the purification procedure, ether extracts 
containing estrogens originally present in the sulfate 
conjugated form or the unconjugated form were sub- 
jected to HPLC using system A (flow rate 4.5 ml/ 
min). Fractions containing As-E, (retention time 25- 
26 min) and A*-17b-Es (retention 15.5 mm) were 
pooled separately, and each estrogen was re-purified 
by a second HPLC using system B. In each instance, 
a single W (280 run)-absorbing material correspond- 
ing in mobility to As-E, or As-17p-Es was observed. 
Fractions containing each estrogen were pooled and 
evaporated to dryness. The residues were dissolved in 
methanol, aliquots were taken for determination of 
the amount of radioactivity and the mass of carrier 
steroid remaining after the above purification. These 
developmental experiments also indicated that a 
single HPLC purification step (system A) was suffi- 
cient to obtain radiochemical purity (>95%). This 
was confirmed by first conversion of the As-E1 to A’- 
Et-3 acetate and A*-17fl-Ea to A*-8;17fl-Es-3 methyl 
ether followed by HPLC using system C. With both 
estrogen derivatives, a single peak of radioactivity and 
W absorbing material corresponding in mobility to 
As-EL-3 acetate (retention time 24 min) or As-178 
Es-J-methyl ether (retention time 23 min) was 
observed. Therefore, in all subsequent experiments, a 
single HPLC purification step using system A, was 
used. 

Determination of procedural losses 
The mass of carrier A”-estrone and As-l 7fi-Es 

remaining after purification were determined by 
measuring the optical density at 280 nm using a 
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Fig. 2. Scheme for the extraction of sreroids from the plasma. 

Beckman model 65 DU spectrophotometer. The per- 
cent recovery was calculated and these data were 
used to correct the amount of radioactive estrogen 
isolated for procedural losses. 

Pulse injection studies 

These studies were carried out as described 
previously [3]. 41 experiments were started between 8 
and 10 a.m. Subjects received, in an anticubital vein, 
between 20-W &i of [14C] As-El, dissolved in 10 ml 
of 10% ethano.l in isotonic saline. Blood samples (20- 
25 ml) were drawn into heparinized tubes at various 
times from a vein in the opposite arm, and the plasma 
was stored at --20°C until analyzed. All samples from 
a single subject were processed at the same time. 

Estrogen receptor assays 

The receptor assays, using human endometrium 
and rat uterine cytosols, were performed essentially as 
described previously for other Premarin 
components [7]. Since high specific activity tritium 
labeled As-E1 or A*-17/LEa are not available, com- 
petitive inhibition assays were used to determine the 
apparent affinity constants. Briefly, in this assay, 
samples containing 0.24 nM of [3H]-17/LEz were 
incubated in the absence or presence of an excess un- 
labeled As-E, (1OnM) or A8-17fi-Ez (2 or lOnM), 
and the bound and unbound fractions were separated 
using dextran-coated charcoal as described 
previously [7]. The affinity constant (K,, M-‘) for 
[‘H]-17&Ez and its apparent a&&y constant (Ki, 
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M-‘) in the presence of A8-EI or A8-17p-Ez were cal- 
culated from competitive Scatchard plots or the 
Lineweaver-Burk plots as described previously [9, lo]. 
The affinity constants for As-El and As-17fi-Ez (Kb, 
M-‘) were calculated f?om 

K, = K f (1 + [Bl)&, 

where B is the concentration of the competing steroid 
as described previously [ 111. The relative binding affi- 
nities (RBA’s) were also determined as described by 
Korenman [12]. In these assays, 2 nM [‘H]-17b-Ez 
was incubated in the presence of various concen- 
trations of unlabeled As-E1 and A*-17fl-Ez. The con- 
centration of the competing steroid required to 
reduce by 50% the specific binding of [3H]-17b-Ez to 
human endometrial or rat uterine preparations was 
used to calculate the RBA by 

RBA = [ZOO] -- 178 - Ez/[ZsoJ - competitor x 100, 

as described previously [7]. 

Determination of uterotnpic activity 

Immature rats were injected intraperitoneally daily 
for 3 d with each of the ten components of Premarin 
and As-17/&E, in their unconjugated form (2 pg of 
each estrogen in 100 ~1 of ethanoksaline, 1:9). The 
rats were euthanized 24 h after the last injection, and 
the uteri were excised, freed of fat, and weighed. The 
increase in uterine weight expressed as the ratio of 
mean uterine waeight to mean body weight was taken 
as a measure of uterotropic activity. In these studies, 
a 2 ,ug dose was selected based on previous 
reports [13] that maximal uterotropic response was 
attained with 2 jig 17fi-Ez given daily for 3 d. 

Analyti of phamzacokineeic data 

The metabolic clearance rate (MCR) is defined as 
the volume of plasma irreversibly cleared of its hor- 
mone content per unit time (l per d or 1 per &m2). 
The data for the disappearance of radioactivity as As- 
E, indicated that the pattern could be represented by 
at least two exponentials, and the MCR of A*-El was 
calculated using the two compartment model 
described by Tait and Burstein[6] from the following 
relationship: MCR = (z x B)l(A’p + B’x), where A’ 
and B’ are the intercepts on the ordinate axis 
obtained by extrapolation of the two curves to zero 
time 131, r is the slope of the lirst (fast) component, 
and fi is the slope of the second (slow) component of 
the curve. The mitial volume of distribution was cal- 
culated from tht: relationship V,=lI(A’+B’) and rep- 
resents the volume in which the intravenously 
administered hormone was immediately distributed at 
time zero. The rate constant (k) of total removal (re- 
versible and irreversible) of As-E, from the inner 
volume V’, was calculated using the equation: 
k = A’r + B’JlI(r1’+B’), as described previously 

[3,14] The percentage of A-EL removed irreversibly 
was calculated from the relationship MCWkV,. 

RESULTS 

Phammokinetin of A’-estmne 
After i.v. administration of [14C] As-&El to two 

men and five postmenopausal women, blood samples 
were drawn at various time intervals for up to 8 h. 
From the plasma, unconjugated A8-E, was isolated, 
purified by HPLC, and the concentration of radioac- 
tivity as As-EL, expressed as a percentage of the admi- 
nistered dose was plotted against time. The 
disappearance of radioactivity as As-E, in each sub- 
ject could be expressed as a function that is the sum 
of two exponent&. Examples of the plots from sub- 
ject 3 and 4 are shown in Fig. 3. The data obtained 
from the analysis of each individual disappearance 
curve, are given in Table 1. The mean value of the 
initial volume of distribution (V,) was 19.8 + 2 1, and 
the disappearance of As-El from this inner pool had a 
mean half-life (tl12) of 5 + 0.2 min. The mean t112 of 
the slower component of A*-E, was 40.4 + 4 min 
(Table 1). The mean rate constant k of total removal 
of As-E1 from V, was 232 + 16 U/d nable 1). The 
mean fraction of As-E1 removed irreversibly (MCR/ 
kVI) was 0.65 k 0.04. The mean (all subjects) MCR 
was 3035 f 380 l/d or 17 11 k 252 l/d m2. The mean 
MCR in postmenopausal women was 3570 4_ 150 l/d 
or 2050 + 1471/dm2. The mean MCR in the two 
men was 1697 & 440 l/d or 848 f 220 l/d m2. These 

0.01 I 
0 1M 200 aw 

Time (minutes) Time (minutes) 

Fig. 3. Disappearance of radioactivity fkm plasma as 
[‘4C]A*-E, plotted as a percentage of the administered dose 

vs time ofblood sampling in (subjects 3 and 4). 
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Table 1. Dam calculated from analysis of A8-estrone plasma concentrathn curves 

Fraction of dose t,,2 (min) components 

Subject Age (‘4C)As-El MCR MCR 
NO. C&s)-sex (dpm x 106) A B a (U&9 P W/&Y) k (U/day) v, (1) 1 2 Way) (l/day m’) MCRJkV, 

1 59 CM) 58.0 0.038 0.0062 220 21.0 189 22.0 6 50 2133 1066 0.50 
2 66 W 38.6 0.110 0.0025 188 11.0 184 9.0 6 60 1261 630 0.76 
3 47 Q 59.6 0.036 0.0045 243 34.0 219 25.0 5 35 3580 1990 0.65 
4 83 m 52.0 0.038 0.0025 241 19.0 227 25.0 5 40 3458 2034 0.60 
5 70 0 49.0 0.047 0.0028 255 30.0 242 20.0 5 35 3595 2055 0.74 
6 37 0 41.0 0.044 0.004 328 36.0 303 21.0 5 28 4069 2543 0.59 
7 67 0 27.0 0.060 0.0042 280 36.0 263 17.0 5 35 3150 1660 0.72 

Mean + SEM 0.05 f 0.01 0.0004 0.0005 f 250 17.0 f 26.7 37.0 f 232 16.0 k 19.8 2.0 f 5 + 0.2 40.4 k 4.0 3035 + 380.0 1711 + 252.0 0.65 & 0.04 

t6 
rp 

b 
R 

Table 2. Phma levels of ~4C]-tMeIed unmnjugated and sulfate conjugated metabolites fmed after a bolus injectim of ~4C]A8-es~ne to five postmenopausal women and two men 

Metabohte Plasma levels (% dose/l; mean & SEM) 

isolated 5 mill’ 10 min 20 min 30 min 60 min 90 mid 120 mm 180 min 240 min 360 min 480 min 

Aa-17,%& 0.55 f 0.10 0.60 + 0.14 0.43 + 0.07 0.30 * 0.05 0.18 f 0.02 0.13 f 0.01 
As-E,S 

0.10 f 0.01 
0.36 f 0.14 0.45 f 0.06 0.68 f 0.10 0.72 f 0.10 0.86 f 0.12 1 .oo 

A’-17p-E$ 
kO.20 0.76 f 0.14 0.68 iO.16 0.60 ;0.14 0.52 ; 0.14 0.40 IO.09 

0.35 + 0 09 0 47 i 0.10 0.70 f 0.14 0.74 f 0.!4 0.93 f 0.16 0.90 f 0.13 0.87 f 0.10 0.70 f 0.10 0.64 0.10 f 0.60f0.!0 0.46 0.10 f 

aBlood samples obtained from only four subjects. 
‘Blood samples obtained from only three subjects. 
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results indicate that the MCR in the men appears to 
be approx. 2; times lower than in women. 

Formatinn and kinetics of unumjugated As-l 7fl-estradiol 
after a bolus injec:tion of p4CJ A8-esrmne 

From the plasma unconjugated fraction (Fig. 2), 
the only major metabolite isolated and identified was 
[14C] As-17p-Ea. The amounts formed after injection 
of [14C] AR-E, were measured in two men and five 
postmenopausal women. The mean + SEM values are 
summarized in Table 2. As-1 7/&Ea was formed very 
rapidly, with the maximum concentration present in 
the 10 min sample (Fig. 4). The levels then gradually 
declined in a manner similar to the disappearance 
curve of the parent steroid [14C] As-El (Fig. 3). After 
2 h, [i4CJ As-li’p-Ea was barely detectable. The bulk 
of the radioactive material present in the unconju- 
gated fraction could be accounted for by the amounts 
present in As-E, and As-17fl-Ez. 

Formation and Kim&s of A8-estmne sulfate and As-1 7pI- 
estmiiol sulfate &er a bolus injection of [14C] A8-estrone 

From the plasma sulfate conjugated fraction, [14C]- 
labeled A*-17/LEaS and As-EtS were isolated, puri- 
fied, and the amounts formed were measured in two 
men and five postmenopausal women after injection 
of [14C] As-E,. The appearance of radioactivity in 
these two metabolites of [t4C] A8-Et, expressed as a 
percentage of the dose per 1 (mean levels of 7 sub- 
jects), at various time intervals, are summarized in 
Table 2. Both As-EiS and As-17p-EsS (Fig. 5) 
appeared in the plasma gradually and reached maxi- 
mum levels between 60-90 min. Almost equal 
amounts of As-EiS and As-17/LEaS were formed 
over the 8 h blood sampling period (Table 2). The 
disappearance of both As-EtS and A*-17B-EaS 
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Fig. 4. Kinetics of I:‘4C]A8-17/?-E2 formation after i-v. admin- 
isration of [‘4C]A6’-EI. Values shown are the mean+ S E M  

(subjects l-7). 

‘7 T 
A*-E, Sulfate 

125 

T As-4?$-E2 Sulfate 

* vJ-+c+ 4 0.00 
%  

0.40 
ll 

0.20 
1! 

0.00 ! I 1 
0 120 240 300 480 

l-brie (-) 

Fig. 5. Kinetics of [‘4C]AS-EIS and [‘4C]A8-17,Y-E2S formation 
after Lv. adminlshation of [‘4C]As-E,. Values shown are tbe 

meani SEhl (subjects l-7). 

(Fig. 5) were characterized by two components, t1j2 
of the first component being approx. 5 and 4 h, re- 
spectively. The tl12 of the second component of the 
A8-Et and As-178-E&G and As-EtS elimination curves 
were approx. 12 and 15 h, respectively. As observed 
in the plasma unconjugated fraction, the bulk of the 
radioactive material present in the plasma sulfate con- 
jugated form could also be accounted for by the 
amounts present in the two sulfate metabolites iso- 
lated. No labeled equilin sulfate, estrone sulfate or 
17/Gestradiol sulfate were detectable. These results 
indicate that As-El is not a precursor for A-7-ring B 
unsaturated estrogens (Eq,l7/&Eq) or the B ring satu- 
rated estrogens (Et, 1711-E,). 

Binding of A8-estrone and .A’-1 7/LestradiuI to human 
endumetrid and rat uterine cytosol receptors 

The relative binding affinities & (ZQ of As-E,, 
and AR- 17b-Ea for human endometrium and rat uter- 
ine cytosol receptors were determined by competitive 
Scatchard analysis as described in Section 2. In one 
such experiment, different concentrations of r3H]- 
17p-Ea were incubated in the presence of 2 or 10 nM 
unlabeled competitor; the results are shown in Figs 6 
and 7. The data indicate that both As-E, and A*- 
17p-Es can effectively compete with 17/i-Ea for the 
binding sites. The data further indicate that the 
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Fig. 6. Spacific binding of [3H]-17fl-E2 with human endometrial (A and B) and rat uterine (C and D) cytwols 
in the presence of 10 nhi unlabeled As-E,. These dam were used for the c&ulation of the affinity constants 

Tom Scatchard plots (B and D), as described in Section 2. 

Scatchard plots are linear and indicate the presence 
of a single class of high affinity binding sites. The 
apparent affinity constants (&x109M-t) for A8-E, 
and A’-17/I-Es for human endometrial receptors were 
0.3, and 1 x 10” M-‘, respectively. The correspond- 
ing values for rat uterine receptors were 0.45 and 
2 x lo9 M-‘, respectively. The corresponding disasso- 
ciation constants (&) were 3.6, 1, 2.2 and 
0.5 x 1O-9 M, respectively. The affinity constants for 
17b-Es were 2 and 10 x lop9 M-’ for human endo- 
metrial and rat cytosol receptors, respectively (Figs 6 
and 7). Thus, compared to 17fi-Ez, the relative afh- 
nity constants for A8-E, and A8-17fl-Ea for human 
endometrial and rat cytosol receptors are approx. 7, 
22, 2 and 5-fold lower, respectively. 

The RE3A.s of As-Et and A’-1 7#LEa for cytosol 
receptors were also determined by a competitive 
binding assay using 2 nM [3HJ-17,Y-E, as the labeled 
ligand and increasing concentrations of unlabeled A8- 
E, and A8-17j-Es. The results indicate (Fig. 8), that 

the typical ‘s’ shaped binding curves are essentially 
parallel, and that the relative potency estimates can 
be determined by calculating the amount of A8-Et 
and A8-17p-Ea required to reduce the [3H]-17j&Ez- 
specific binding by 50%. The parallel nature of dis- 
placement curves also indicates that the binding is 
competitive. For A’-Et, approx. 95-100 and 190- 
2OOnM were required to reduce the [3HJ-17fi-Es 
binding by 50% for the human endometrial and rat 
uterine receptors, respectively. Similarly, approx. 23- 
25 and 7-8 nM A’-17p-Ea were required to reduce 
the [3H]-17b-E2 binding for human endometrial and 
rat uterine receptors, respectively. Thus the relative 
RBA’s calculated for A8-E, and A8-17jkEa for human 
endometrial and rat uterine receptors are 0.8%, 3%, 
0.4% and 11% that of 17@Ea, respectively. These 
results also clearly indicate that in both species, As- 
17B-Ea has a much greater affinity for estradiol recep- 
tors than AS-E,. Thus in the human, it is approx. 4 
times and in the rat 25 times more active than As-E,. 
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Fig. 7. Specific binding of [3ff]-171p-& with human endometrial (A and B) and rat uterine (C and D) cytosols 
in the presence of 2 nM unlabeled As-17/?-E*. These data were used for the calculation of the affinity constanta 

from Scatchard plots (B and D) as described in Section 2. 

Similar results ‘were also observed with rat uterine B2>A8-17B-E,>A*-E,>Eqn2 li’fi-Eqn>171- 
nuclear preparations (data not shown). Eqn 2 17z-Eq> 17r-Es>control. 

Uterotropic activirias of A8-E, and Aa-1 7fi-E2 

In these experiments, a single dose (2 ,&IO0 g 
body weight/d) of each of the ten individual com- 
ponents of Premarin and As-17/J-Es the major in wivu 
metabolite of As-Et in man was administered i.p. to 
immature rats for 3 d. The uterine weight was deter- 
mined 24 h after the last injection. The results are 
shown in Table 3. In this bioassay, except for the 
17x-Ea, all other estrogens brought about a significant 
(p c 0.05) increase in uterine weight compared to the 
controls. The most active estrogens were Eq, El and 
their corresponding 17,!&reduced derivatives 17,kEq 
and 1 7#kEz, res;pectively. Both As-El and its 17fl- 
reduced derivative As-l 7/I-Ea were active uterotropic 
agents, though somewhat less potent. The order 
of uterotropic potency based on a single dose 
(2 pg), given for 3 d, was Eqk 17,&Eq 2 E1217,G- 

DISCUSSION 

As-EtS is the most recent component identified in 
Premarin. Approx. 3.5% of the total estrogens present 
in Premarin consists of As-ErS. This estrogen in its 
radioactive form was not suitable for pharmacokinetic 
studies in humans. However, previous studies with 
other estrogens such as EqS, 17p-EqS and ErS, indi- 
cate that, afier administration of these conjugated es- 
trogens to postmenopausal women and men, 
unconjugated Eq, 17BEq and El are readily found in 
the circulation [3,4,15,16]. It is also generally 
accepted that it is the unconjugated estrogen that is 
biologically active. Therefore, in the present study, 
the pharmacokinetics of unconjugated Aa-Et and its 
in viva metabolism were investigated in both postme- 
nopausal women and men. The mean MCR of As-E, 
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Fig. 8. Competitive binding assays of d-E, and A*-17fi-F$ with human endometrial and rat uterine cytosol 
receptors. Cytosols were incubated with 2 nM [3H]-17b-E z and various concentrations of unlabeled competi- 

tors, as described in Section 2. 

was calculated by analysis of plasma samples taken that a single compartment model was sufficient to 
after a bolus injection of [14C] As-El. The data points describe its elimination [3]. 

(Fig. 3) showing the elimination of As-E, Tom The mean MCR of As-E, was 1711+ 252 l/d m2. 

plasma, suggest that a two-compartment model can The 2-fold difference between the two men and the 

be used for the analysis of the MCR of this estrogen, 
five postmenopausal women, and the differences 

as described previously for 17/&Eq [4]. In contrast, 
between subjects are most likely due to normal indi- 
vidual variations in fractional turnover rates, volumes 

the disappearance of equilin from plasma indicated of distribution, and hepatic and renal blood flow. 

Estrogen 

Table 3. Rat uterine responses to intraperiwneal admkstmd equine estmgens 

No. of rats Uterine weight (mg) mean k SEM Uterine weight per body weight (mp/p) 1 SEM 

Equilii 
17/CDihydroequilin 
17/GEstradiol 
Estrone 
A’-17/LEsuadiol 
AR-Estrone 
Equilenin 
17/GDihydroequilenin 
17~Dihydroequilenm 
17ceDihydroequilin 
17a-Estradiol 
Control 

20 98.8 i 5.0a 
20 98.6 i 6.0’ 
20 89.4 *4.6a 
20 88.4 + 8.0’ 
15 75.0 + 3.0a 
20 60.5 S 2.0a 
20 52.6 i 2.0a 
20 51.9 t2.0a 
20 39.0 * 2.0” 
20 38.5 + 1.0’ 
20 37.4 * 2.0b 
30 33.8 F 1.0 

2.30 k 0.13’ 
2.3OiO.15’ 
2.20 2 0. loa 
2.10+0.16a 
1.70~0.10’ 
1.38 + 0.04” 
1.40 + 0.05a 
1.20 f 0.05= 
0.90 i. 0.04a 
0.90 i 0.02a 
0.95 + 0.04b 
0.77 * 0.02 

%gnificantly different from control P < 0.01. 
bNot significant. 
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Similar differences in individual MCR’s have been 
observed with other estrogens and steroids [3,15-l 71. 
The mean MCR of As-E, is approx. 1.5 times lower 
than that of Eq 2641 l/d mz [3], but is higher than 
that of 17/LEq, 1252 I/d m2 [4] and 17p-Ez, 580- 
820 l/d m2 [16,18,19] and similar to that of El, 965. 
1400 I/d mz [16,19]. These observations and the data 
from the present study indicate that unconjugated A8- 
El can circulate in the body longer than Eq, but com- 
pared to the biologically more potent 17fi-reduced es- 
trogens, it is cleared more rapidly. 

The VI (19.8 + 2.0 1) for As-E1 is much larger than 
plasma volume, and this would suggest relatively low 
binding afKnity of As-E1 for serum binding proteins 
such as sex hormone binding globulin (SHBG) and 
albumin. The disappearance of As-E, from this inner 
volume of distribution had a mean half-life of 
5 + 0.2 min ancl this is similar to that reported for 
17p-Eq [4]. The mean rate constant (k) of total 
removal (reversllble plus irreversible) of AS-E, Tom 
the circulation was 232 k 16 U/d, and the ratio of ir- 
reversible over total removal (MCR/kL’,; Table 1) 
had a mean value of 0.65 + 0.04, indicating that 65% 
of As-El is lost from the circulation irreversibly. 
These values are in keeping with the high MCR of 
As-E,. 

In the present study, the formation of other conju- 
gated and unconjugated metabolites of As-EL was 
also investigated. From the unconjugated fraction, the 
only other major radioactive metabolite present and 
identified was A”-17&Ez (Table 2, Fig. 4). The bulk 
(~90%) of the radioactivity present in the unconju- 
gated fraction, was associated with the parent com- 
pound As-E1 and its major 17/I-reduced metabolite 
As-l 7&Ez. Very small amounts of radioactivity 
remained unaccounted for. Similarly, in the sulfate 
conjugated form, the bulk of the radioactivity present 

could be accounted for in amounts present in A*-E,S 
and As-17fl-EzS. The rate of formation of these two 
metabolites indicates that maximal levels were 
attained between 60-90 min and that nearly equal 
amounts of the two metabolites were formed (Table 2, 
Fig. 5). In contrast, after administration of Eq (the 
main ring B unsaturated estrogen present in 
Premarin), a number of metabolites such as Eqn, 
17,&Eq, and 17/LEqn, were isolated from both the 
unconjugated and the sulfate conjugated fractions [3]. 
Moreover, the amounts of Eq metabolites formed, 
were much lower than the circulating levels of Eq and 
EqS [3]. Thus, it appears that the metabolism of As- 
El is unique, in that the major in oiwo metabolite in 
both the unconjugated and the sulfate conjugated 
form was the more active 17fl-reduced product. 
These interconversions are depicted in Fig. 9. 

We have previously reported [S] that under steady- 
state conditions, the transfer constants or p 
values [20-221, for the conversion of EqS to Eq and 
17BEq, were 0.25 and 0.15 respectively [3]. The cor- 
responding values for the conversion of E,S to El 
and 17SEz were 0.15-0.21 and 0.014-0.03, 
respectively [15,16]. Since 17p-Eq and 17#LEz are 
the principal active metabolites of EqS and E,S, re- 
spectively, the extent of this activation by 17Sre- 
duction, is several fold higher for the ring B 
unsaturated estrogens. The data from the present 
study also support the above conclusions, in that the 
main metabolite of As-El was the 17/Lreduced com- 
pound. Furthermore, the amounts of As-ELS and As- 
17fi-EzS found in the circulation following adminis- 
tration of As-El were almost equal. This pattern of 
metabolism, i.e. equal amounts of 17-oxidized and 
17&reduced metabolites, has not been observed with 
other estrogens or even androgens. The oxidative 
pathway is considered to be the preferred one com- 

&f--I- ,*gy- 
tie 

A8-twrone ~8-17~43tmd~o~ 

Fig. 9. Interconversion between As-El and ita unconjugated and sulfate conjugated metabolites in postmeno- 
pausal women and men (A = 17fl-hydmxysteroid dehydmgenase; B  = sulfokinase; C  = sulfatase). 
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pared to the reductive pathway [ZZ]. Though these 
results strongly suggest that the extent of activation 
by 17/I-reduction of As-E, appears to be even greater 
with this ring B unsaturated estrogen, more quantitat- 
ive experiments under steady-state conditions are 
needed before firm conclusions can be made. 

The data from the present study also indicate 
that, unlike other ring B unsaturated estrogens 
such as Eq and1 17BEq which are metabolized to a 
number of other (circulating) ring B unsaturated 
estrogens [3,4,13], As-E, was converted in tivo in 
both men and postmenopausal women to a single 
major metabolite As-17fl-Es (unconjugated and sul- 
fate conjugated). This lack of extensive metabolism 
may be due to the novel structure of As-Et, i.e. the 
presence of a single conjugated double bond in the B 
ring. Whether A8-Et and As-17p-Es are further 
metabolized prior to excretion in the urine remains to 
be investigated. 

Both A8-El and its major metabolite, A’-17fl-E2, 
can interact with human endometrial and rat uterine 
estrogen receptors in a manner similar to that 
described for other ring B unsaturated estrogens and 
17fi-estradioi [7]. Both of these estrogens bind with 
estrogen receptors with high affinity. The RBA of A’- 
17/GEs was approx. 4 (human endometrium) and 25 
(rat uterus) times higher than that of da-Et. Similar 
results have been previously reported with other 17fl- 
reduced estrogens [12]. Though the RBA of As-l 78 
Ez is only 3 to 11% that of 17fi-Ea observed in the 
human endometrial and rat uterine preparations, re- 
spectively, yet this estrogen has substantial in vivo 
uterotropic activity as indicated by the bioassay data 
(Table 3). Whether this is due in part to the pharma- 
cokinetics of A8-Et and A8-17/I-Ea or to the ability of 
various estrogens (with different binding affinities) to 
modulate distinct DNA response elements in a tissue 
selective manner as recently reported by Yang et 
al. [23] remains to be investigated. Along with the 
uterotropic activities of A’-Et and As-17&Es, recent 
data [2] indicated that daily administration of small 
amounts (125 pg) of As-E1 S for 8 weeks to postmeno- 
pausal women significantly reduced the urinary levels 
of N-telopeptides of collagen type 1, a marker of 
bone resorption [24]. These results indicate that in 
the bone, A8-EtS acts like a potent estrogen. 
Moreover, in the above study, As-E,S significantly 
delayed the oxidation of LDL cholesterol. Recent 
data also indicates that, among the several estrogens 
tested, As-Et and A’-17b-Ea were extremely active 
antioxidants [25;1. This estrogenic effect does not 
appear to be mediated via the estrogen receptor but 
perhaps involves other mechanisms (non-genomic) 
but this remains to be determined. 

In conclusion, the data presented demonstrate that 
A8-Et has estrogenic activity and that it is metab- 
olized in the human subject to a more potent estro- 
gen: A8-17B-Ez. The pharmacokinetic data indicate 

that As-El and A8-17/&Ez, circulate mainly as sul- 
fates, and are slowly eliminated from the body. Both 
A’-Er and A8-17JI-Ez bind with estrogen receptors 
with high affinity and can therefore contribute to the 
overall in tiwo biological effects of Premarin. These 
data further support previous conclusions that, in 
postmenopausal women, the biological effects of 
Premarin are the sum of the effects of its various indi- 
vidual components [I]. Therefore, conjugated estro- 
gen preparations lacking some of these novel ring B 
unsaturated estrogens, will not provide the same 
extent of beneficial effects as Premarin. 
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Abstract. Conjugated equine estrogens (Premarln), are used extensively for estrogen 
replacement therapy and preventlon of osteoporosis and cardiovascular disease in 
postmenopausal women. Premarin contains at least 10 estrogens that are the sulfate 
esters of the ring B saturated estrogens: estrone, 17g-estradlol. 17~-estradiol, and the 
ring B unsaturated estrogens: equilin, 17&dihydroequilin, l’ladihydroequilin, equi- 
lenin, 17l)-dihydroequilenin, 17adlhydroequllenin, and delta-&estrone. Bioasssys 
and estrogen receptor binding studies indicate that all 10 estrogens are biologically 
active. Moreover, individual components, such as equllin sulfate, delta-6-estrone sul- 
fate, 17f3dihydroequitln sulfate and e&one sulfate, have potent estrogenk effects. 
Estrogen sutfates can be absorbed directly from the gastrointestinal tract; however, 
hydrolysis of the sulfates also occurs in the gastrointestinal tract, and the unconiu- 
gated estrogens formed are reedlly absorbed. After absorption, these estrogens are 
sulfated rapldly and circulate in this form. The pharmacokinetics of these estrogens 
indicate that the unconjugated estrogens are cleared from the circulation at a faster 
rate than their sulfate ester forms. in postmenopausal women, the 17-k&o derivatives 
of these estrogens are metabolized to the more potent 17P-reduced prod- The 
extent of this activation is nearly 10 times higher with some ring B unsaturated es- 
trogens. The 17~reduced metabolltes are cleared from the blood at a stower rate than 
their cormeponding 1Fketo derivatives. In the human endometrium, equilln is me- 
tabolized to Phydroxy and 4-hydroxy equllin, wtth 2-hydroxylatlon being predoml- 
nant. in contrast, 2.hydroxy and 4-hydroxy estradfol are formed in equal amounts. 
Similarly, 16a-hydroxyletlon occurs with both typea of estrogens; however, with the 
ring B satumted estrogens, the 17-keto steroid lea-hydroxy estrone was the ma- 
jor urinary metabolite, whereas wtth the rlng B unsaturated estrogens, the 17p- 
reduced steroids, such as 16a-hydroxy-17p-dlhydroequilln and 16a-hydroxy-17P- 
dihydroequlisnin, were the major metabolltes. This difference in metabolism may bs 
important as it has been suggested that lea-hydroxy estrone (a-ketoi structure) can 
form covaient adducts wlth macromolecules and that It may be oncogenlc. These 
types of lntemctlons will not occur with the lGa-hydroxytated-l’lp-reduced metabo- 
lltes of ring B unsaturated estrogens. 

Since ail of the estrogens present in Premarin have estrogenia activity, the phar- 
macological effects of Prernarln are a result of the sum of these lndivldual actlvltles. 
Therefore, preparations lacking some of these important components may not offer 
the same degree of beneficial effects as Premarin. [P S.E.B.M. 1998, voi 217) 

Introduction 
For more than half a century, conjugutt4 equtne &ro- 

gen preparations, such as Premarin (Wyeth-Ayerst. Ma- 
delphia, PA). have been used extensively for estrogen re- 
placement therapy and prevention of osteoporosis and car- 
diovascular disease in postmenopausal women. To date. 
Tom the pregnant mares’ urine, 10 estrogens have brcn 
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identified. These are th,e sulfate esters of the nng B saturated 
estrogens (classical estrogens). estrone (E,). 17b-estradiol 
(17P-E2), and 17cc-estradiol (17a-E,) and the ring B unsat- 
urated estrogens, equilin (Eq; 3-hydroxy- I .3,5(10)7- 
estratetraen- I7-one), equilenin (Eqn; 3-hydroxy-1,3.5( 10)6- 
$estrapentaen-17-one), 17a-dihydroequilin (17a-Eq; 
1.3,.5( 10)7-estratetraen-3.17a-dial), 17P-dihydroequilin 
(I 7P-Eq; I ,3,5( lOi7-estratetraen-3.17P-dial), 17r~- 
dihydroequilenin (l’la-Eqn; 1.3,5(10)6.8-cstrapentaen- 
3.17a-dial), 17p-dihydroequilenin (17@-Eqn; 1,3.5(10)6,8- 
esrrapentaen-3,17P-dial), and delta-8-estrone (delta-8E,; 
isoequilin; 3-hydroxy-1,3,5(10)8-estratecraen-l7-one). In 
keeping with the reported metabolism of ring B unsaturated 
estrogens in the pregnant mare (l), one would anticipate that 
two additional metabolites of delta-8-estrone namely delta- 
8-17P-estradiol (delta-R-17pEz; 1,3,5( 10)8-estratetraen- 
3,17@diol) and delta-8-17rY-estradiol (delta-8-l7a-E,; 
1,3,5( 10)8-estratetraen-3- 17a-dial), would also be present 
in the pregnant mares’ urine and therefore in the drug Pre- 
marin. However, their presence remains to be established. 
The structures of these 12 equine estrogens are depicted in 
Figure 1. Structurally, the ring B unsaturated estrogens dif- 
fer from the classical estrogens by the presence of one or 
two additional double bonds in the ring B of the steroid 
nucleus. 

In the pregnant mare, the ring B saturated estrogens 
estrone, l’lp-estndiol, are formed from cholesterol by the 
classical pathway of steroidogenesis, while the ring B un- 
saturated estrogens equilin, equilenin, 17adihydroequilin, 
17rr-dihydroequilenin, 17P-dihydroequilin and 17/3- 
dihydroequilenin, are formed by an alternate pathway not 
involving cholesterol and squalene. and this has been re- 
cently reviewed (2). This review will discuss the pharma- 
cokinetics and phanmacodynamics of the individual equine 

estrogens with emphasis on the unique ring B unsaturated 
estrogens. 

Biological Activity. Prevtous btoassay data clearly 
indicated that all 9 original estrogens present in the pregnant 
mares’ urine and Premarm are biologically active estrogens 
(2. 3.4). Moreover. some of the bioassay data (uterotrophlc 
assay) indicated that some of the 17p-reduced ring B un- 
saturated estrogens, such as 17P-dihydroequilin sulfate 
(I7P-EqS) was nearly 8 times more potent than estrone 
sulfate (E,S) when administered orally (4). In contrast, 
when these estrogens in their unconjugated form are admin- 
istered subcutaneously or intraperitoneally (2 @day for 3 
days), to immclture rats, all of the estrogens increased in 
uterine weight (Table I). The data also indicate that the 
potency of various estrogens depends on the route of 
administration. 

Few clinical studies exist in which the effects of indl- 
vidual ring B unsaturated estrogens have been determined in 
postmenopausal women. Oral equilin sulfate in women was 
reported to be 4-8 times as potent as estrone sulfate in 
suppressing urinary gonadotropins (5); orally admmistered 
equilin sulfate (0.25 mg) was as effective as 0.625 mg of 
Premarin in the alleviation of menopausal symptoms and 
stimulation of the vaginal epithelium in postmenopausal 
women (6). Similarly, 0.3 and 0.625 mg of equilin sulfate 
were 1.5-8 times more potent than comparable doses of 
estrone sulfate and conjugated equine estrogens in stimulat- 
ing the synthesis of hepatic proteins such as sex hormone 
binding globulin (SHBG), corticosteroid binding globulin 
(CBG) and angiotensinogen (7). Oral administration of 
17@-dihydroequilin sulfate (0.3-0.4 mg/day) was as effec- 
tive as 0.625 mg of conjugated estrogens for the control of 
vasomotor symptoms (8). At these doses, 17@dihydro- 
equilin sulfate also resulted in uterine bleeding associated 

lTf3-04HYDROWUUN 

Figure 1. Some of the estrogens 
isolated from the urine of pregnant 
mares. These estrogens in ttw 
sulfate ester form are present in 
the drug Preman’n. 
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Table I. Rat Uterine Response to Subcutaneous of 
lntraperitoneal Administered Estrogens 

Estrogen 
Uterme weight (mg) mean * SE. 

Subcutaneous lntraperitoneai 

1) Equilm 150.85 10’ 98.8 k 5.0’ 
2) E&one 129.3 * 12= 88.4 2 8.0a 
3) 17P-Estradlol 112.9 + 4a 89.4 i 5.V 
4) 17P-Dihydroequilin 102.3 r 2.8” 98.6 k 6.0’ 
5) Equiienin 79.8 f 4.5’ 52.6 2 1 .Oa 
6) l-/P-Dihydroequilenin 61.3 + 2.0’ 51.9 r 2.0’ 
7) 17a-Dihydroequllin 59.9 rt 2.v 39.0 zt 2.0a 
8) 17a-Estradiol 57.4 AZ 3.4a 37.4 + 2.0 
9) 17a-Dihydroequilenln 44.8 f 3.8 39.4 f 2.0” 

10) Delta-8-Estrone ND 60.5 + 2.0* 
11) Delta-&17@-Estradiol ND 75.0 * 3.0’ 
12) Control 37.0 + 2 33.8 + 1 .O 

ND = Not determined 
* Different from control. 
P < 0.005. 

with proliferative and hyperplastic changes in the endome- 
trium. More recently, daily oral administration of small 
doses (0.125 mg) of delta-8-estrone sulfate for 8 weeks to 
healthy postmenopausal women resulted in suppression of 
plasma FSH and urinary-n-telopeptide (bone turnover 
marker): a significant increase in the plasma CBG, and in 
the lag time for LDL, oxidation (9). Direct comparison of 
the biological activity of the conjugated equine estrogen 
preparation Premarin with piperazine estrone sulfate (Ogen) 
and micronized estradiol (Estrace) in terms of a number of 
parameters, indicate that the potency of Premarin estrogens 
was 2- to 6-fold greater than that of the other two estrogens. 
even though the plasma levels of estrone and 17@-estradiol 
we* similar (10). These data suggest that the presence of 
the unique ring B unsaturated estrogen components in Pre- 
marin are contributing to the increased activity. These com- 
bined data clearly demonstrate that the ring B unsaturated 
estrogens, including the more recently identified d&a-8- 
estrone sulfate and its major in vivo metabolite delta-8-17P- 
estradiol (9). are biologically active with potency either 
equal to or greater than that of the classical estrogens. 

Mechanism of Action. Estrogens regulate tissue 
function by modulating gene transcription through their in- 
teraction with estrogen receptors, which belong to the ste- 
roid-thyroid hormone receptor superfamily (I 1). In a com- 
parative study, the relative binding affinities of the various 
estrogen components of Premarin in their unconjugated 
form for estrogen receptors in human endometrium and rat 
uterus, were measured. In both species, all of the estrogens 
bind with high affinity to cytosol and nuclear receptors. The 
relative binding affinities indicate the following order of 
activity: 17e-dihydroequilin > l7@-estmdiol > 17@dihy- 
droequilenin > estrone = equilin > I’la-dihydroequilin > 
17a-estradiol > delta-8.17&estradiol > 17cr-dihydro- 
equilenin > equilenin > delta-8-estrone ( 13.13). 

Though the bioassay data (Table I) indicate that both 
equiliu and esfronl: are more or equally as active as their 
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17P-reduced metabolites, 17P-dihydroequilin and 17p- 
estradiol. their relative binding aftinities for estrogen recep- 
tors are much lower. These observations suggest that equilin 
and estrone in the presence of 17&hydroxy steroid dehy- 
drogenase are first metabolized to 17@-dihydroequilin and 
17P-estradiol, and it IS through these 17P-reduced metnbo- 
lites that the biological effects (uterotropic activity) are ex- 
erted. These data also clearly indicate that all ring B unbat- 
urated components present in conjugated equine estrogen 
preparations can interact with estrogen receptors and are 
therefore capable of exerting biological effects in estrogen 
target tissues. 

Recent observations regarding the mechanisms of gene 
activation by estrogens and antiestrogens, particularly in 
nonreproductive tissues. suggest that the estrogen receptors, 
in combination with various estrogens, can regulate more 
than one DNA response element (14). Therefore, it is pos- 
sible that each of the various estrogen components present 
in Premarin can regulate different estrogen response ele- 
ment(s), perhaps in a tissue-specific manner. Thus, even 
Though the amount of some of the conjugated equine estro- 
gens present in Premarin is relatively small, these estrogens 
could still have a significant clinical impact. Further studies 
are needed to delineate their specific role. 

Interaction of Unconjugated and Conjugated 
Equine Estrogen With SHBG and Serum Albu- 
min. Unconjugated equine estrogens and conjugated 
equine estrogens bind to SHBG and serum albumin in a 
manner similar to that described for the classical estrogens, 
estrone and estradiol, and androgens, such as testosterone 
and 5a-dihydrotestosteronc. Thus. the sulfate esters of eq- 
uilin. cstrone, and estradiol do not bind with SHBG (15, 16); 
however, equilin sulfate and estrone sulfate do interact with 
serum albumin with high affinity (0.9-1.1 x IO5 M-‘) (15). 
Low affinity binding sites were also present. Up to 74% of 
the total equilin sulfate and 85%-90% of estrone sulfate 
were bound to serum albumin (Table II) (15, 16). In con- 
trast, the unconjugated equilin. estrone, 17@dihydroequlin, 
and 17estradiol are only loosely bound to serum albumin, 
but they bind with SHBG with high affinity (Tnble II) (15, 
17). Based on competitive Scatchard analysis, the relative 
affinity constants for estrone, equilin. 17@-dihydroequilin, 
17/3-estradiol, testosterone, and Sol-dihydro-testosterone 
were found to be 0.07, 0.15, 0.22, 0.29, 2.70, and 4.53 (x 
lo9 M-‘) respectively (15). The binding affinities of both 
the ring B unsaturated estrogens and ring B saturated estro- 
gens are similar. Though the 17@-reduced metabolites as 
expected. have a higher affiruty for SHBG, these affinities 
are significantly lower than those observed with nndrogens 
(15-18). Thus, like other steroid hormones. conjugated and 
unconjugated equine estrogens circulate in the blood either 
bound IO serum albumin, or specific serum proteins. and 
only a small percent of the total is present In the unbound 
form (free form. physiologically active form). Estrogen 
therapy is associated with an increase in SHBG levels, a 
change that would result in a greater percentage of estrogen 



Table II. Percent of Unconjugated and Sulfate Conjugated Estrogens and 5~DHT Bound with Albumin 
and SHBG 

Serum EqS 4s Eq E, E, Sa-DHT 
samples Albumin Albumin SHBG Albumin SHBG Albumin SHBG Albumin SHBG Albumin 

PMW on Premarin’ 60 83 45 11 23 17 53 12 79 
Female 

7 
63 83 26 13 9 14 26 13 73 4 

Male 71 86 0 1 0 4 5 25 
5% HSA 

5 
74 85 0 3 0 4 : 4 0 5 

l PMW = Postmenopausal Women. 
Adapted with penasion from Ref. 15 

bound to SHBG (Table 11) along with a concomitant de- 
crease in the perc:entage of unbound estrogen. These 
changes can play a role in the metabolic clearance rate and 
the bioavailability of the estrogen. This aspect will be dis- 
cussed later. 

Absorption of Conjugated Equine Estro- 
gens. Ingestion of Premarin (10 mg), containing approxi- 
mately 4.5 mg of estrone sulfate and 2.5 mg of equilin 
sulfate, results in the gradual appearance of unconjugated 
estrone and equilin in the blood. Maximum levels of equilin 
(560 pg/ml) and estrone (1400 pg/ml) were reached after 3 
hr and 5 hr respectively. These levels declined gradually; 
however, small amounts of both estrogens were still detect- 
able after 24 hr (19). Following intravenous administration 
of 10 mg Premarin, maximum concentration of equilin (4 
@ml) and estrone (11.2 m&/ml) were reached by 20 min 
(19). These results very clearly indicate that both equilin 
sulfate and estrone sulfate present in Premarin are hydro- 
lyzed to unconjugated equilin and estrone fairly rapidly. 
Similarly, oral ingestion of estrone sulfate results in rapid 
appearance of unconjugated estrone and 17P-estradiol in the 
bloo; (20, 21). 

In order to determine whether conjugated equine estro- 
gens are absorbed from the gastrointestinal tract as sulfates 
or only after hydrol:ysis, mixtures of [3H]- and [“S]-labeled 
equilin sulfate and [3H]equilin were administered orally 
(Figure 2). Following administration of a mixture of [3H]eq- 
uilin sulfate and equilin [%S]sulfate. the equilin sulfate iso- 
lated from the plasma contained both [3H] and [35S] labels 
(Table III). These data clearly indicate that some of the 
equilin sulfate ingested was absorbed from the gastrointes- 
tinal tract without prior hydrolysis. Since the 3H/.‘5S ratio 

Jz$$hswd :I$+ 
34 ‘Ii 

p.c’n] Equh” S”lree Equlh ~SlstJlh- fz.4-%9tqulrn I II U 

Figure 2. Labeled equllin sulfate and equilm used in absorption 
studies (Experiment. A and E-1:1 mixture of I and II was used; 
Experiment C-l:2 mixture of II and III was used. 

Table III. Rate of Appearance of [3H]Equilin 
rS]Sulfate after Oral Administration of fH]Equilin 
[ HIsulfate (Exft. A & B, 3H/% = 14 or! %]Equilin 

and Equilin [ %]Sulfate (Expt. C, HP S = 2) to 
Normal Men 

Time A 
(min) 3HP5S 3H;5S 

C 
3H/35S 

10 
30 
60 

120 
180 
240 
300 
360 
480 
720 

1440 

1 .oo 
1.80 
3.80 
- 
7.50 
7.80 

12.80 
30.00 

100.00 
100.00 

a 

1.00 26.00 
1.50 13.10 
2.60 9.50 
3.40 23.60 
7.30 23.30 

12.60 15.80 
14.60 20.10 
20.00 20.70 
23.00 40.00 
75.00 cl 

a C-Y 

Adapted with permission from Ref. 22. 

progressively increased after the first 10 min (Table III>, a 
significant portion of admmistered equilin sulfate was ab- 
sorbed after the removal of sulfate ester by hydrolysis. The 
unconjugated equilin that formed after absorption was rap- 
idly sulfated, and it circulates in this form. When a mixture 
of [3H]equilin and equiIin [“Slsulfate (31-I/35S = 2) was 
ingested, the ratio at all time points was greater than 2 
(Table III, Expt. C). These data indicate that unconjugated 
equine estrogens, such as equilin, were absorbed more rap- 
idly than the corresponding sulfates; however, after absorp- 
tion, equilin was rapidly sulfated. most likely during the 
first pass through the liver (22). Equilin sulfate is the main 
circulatory form of this hormone. Similarly, estrone sulfate 
is the main circulatory form of estrone (20, 23). 

Metabolic Clearance Rates (MCR) of Conjugated’ 
and Unconjugated Equine Estrogens 

Equilin Sulfate and 17Q-Dlhydroequilln Sul- 
fate. The metabolic clearance rate of equilin sulfate. 17p- 
dihydroequilin sulfate, and estrone sulfate have been deter- 
mined by the single injection and constant infusion tech- 
niques (24). Following a single intravenous Injection (25, 
26), the disappearance of radioactivity from plasma as eq- 
uilin sulfate and 17@lihydroequilin sulfate can be de- 
scribed as a function of two exponentials (Figure 3). The 
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various pharmacclkmetic parameters are summarized in 
Tables IV and Table V). The initial fast component for both 
estrogens had a half-life (t”‘) of 5 min and the initial volume 
of distribution (V,) was 12.4 f I .6 and 6.0 2 0.5 I for equilin 
sulfate and 17@-dihydroequilin sulfate respectively (TdbkS 

IV and V). Similar data (23) have been previously reported 
for cstrone sulfate ((t”?; 3 min; V, = 7.2 * 0.6). The volume 
of distribution of estrogen sulfate depends on their relative 
binding affinities to senun albumin. Since the apparent vol- 
ume of distribution measured 1s higher than plasma volume, 
these estrogen sulfates bind to albumin with relatively low 
affinity, as has been reported ( 15). 

The mean MCR of equilin sulfate and 17P-dihydro- 
equilin sulfate in postmenopausal women was 176 * 44 
l/day . m2 (Table IV) and 376 + 53 l/day . m2 (Table V) 
respectively. The MCR of estrone sulfate in men and 
women was 87 + 36 to 105 + 10 l/day. m2 (20. 23). Based 
on the constant infusion technique and under steady state 
conditions, the MCR’s for these estrogen sulfates. were 
similar to values given above (23,27, 28). The half-lives of 
equilin sulfate, 1713-dihydroequilin sulfate, and estrone sul- 
fate were 190 f 23 min (25), 147 + 15 min (26j, and 300- 
540 min (20) respectively. 

The MCR and half-life measurements. suggest that ring 
B unsaturated estrogens are cleared from the circulation at a 
faster rate than the ring B saturated estrogen estrone sulfate. 
However, in contrast to estrogen sulfates. androgen sulfates 
(29, 30) such as dehydroepiandrosterone sulfate and testos- 

Figure 3. Disappearance of radioac- 
tivity from plasma as [3H]equilin sul- 
fate and [3H]17f3dihydroequilin sul- 
fate plotted as a percentage of the ad- 
minrstered dose versus time of blood 
sampling. (Adapted with permissIon 
from Ref. 25 and 26.) 

Time (min) 

terone sulfate, have much lower (7.7.21.5 l/day) MCR. The 
very low MCR of androgen sulfates is likely due to tbe:r 
greater binding affiiity with albumin. 

Unconjugated 17pDihydroequilin and Equi- 
lin. The mean MCR 17P-dihydroequilin in postmeno- 
pausal women was 1252 1+- 103 l/day m’, and the disap- 
pearance of 17j3-dihydroequilin from plasma also had two 
components. The half-lives of the fast and slow components 
were 5.5 + 0.8 and 45 it 2.0 min, respectively (Figure 4). In 
contrast, the disappearance of equilin from plasma was con- 
sistent with a one-compartment model (Figure 4). The half- 
life of equilin was approximately 19-27 min and MCR in 
one postmenopausal woman was 3300 l/day . m’ and in a 
man was 1982 Yday . m2 (25). The MCR of estrone has 
been reported to be 965 l/day. m’-1310 l/day - m2 (31, 32, 
33). and there was no difference between males and fe- 
males. 17P-estradiol has an MCR of 600-790 l/day . m’ in 
females (31, 34) and 830-990 l/day . m2 in males (3 1, 34). 
These data indicate that in the unconjugated form, both ring 
B unsaturated estrogens are cleared more rapidly than the 
corresponding ring B saturated estrogens. 

Conversion Ratios for Interconversions Between 
Ring B Unsaturated Estrogens Under Steady 
State Conditions 

In earlier study, it was demonstrated that in the preg- 
nant mare, equilin was metabolized to the ring B unsaturat- 
ed estrogen: equilenin, 17@dihydroequilin, lir@clihydro- 

TablIe IV. Pharmacokinetic Parameters of Equilin Sulfate in Postmenopausal Women 

Subject Sex/age 
no. (year) v, 6) 

t-h components 
~.- 

minutes 
1 2 

MCR 
(Udw) 

MCR (Uday.m2) MCWkV, 

1 F,38 8.7 9.8 170 168 93 0.215 
2 F,60 16.0 4.0 270 582 342 0.155 
3 F,57 13.3 4.4 180 199 117 0.083 
4 F,51 11.4 4.1 150 303 168 0.156 
5 M,58 10.8 4.0 180 323 162 0.179 

Mean + SEM 12.4 = 1.6 5.2 i 1.2 190223 315It73 176+44 0.158 f 0.02 

Adapted with permlsslon from Ref. 25. 
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Table V. Pharmacokinetic Parameters of 17p-Dihydroequilin Sulfate in Postmenopausal Women 

Subject Age 
no. ((year) “l(L) 

hh components 
_. MCR 

minutes VW 1 2 (Uday.m’) MCRlkV, 

6 56 6 5 110 832 475 0.45 
7 51 5 5 145 510 300 0.30 
8 53 6 4 140 635 385 0.35 
9 56 8 5 200 802 502 0.35 

10 61 5 5 140 331 220 0.30 
Mean k SEM 6 zt 0.5 5.0 It 0.2 1472 15 622 f 93 376 k 53 0.35 f 0.02 
Adapted wtth permission from Ref. 26. 

The (mill) TmK (mil) 

Figure 4. Disappearance of radioactrvity from plasma as [3Hjequilln 
and [3H]17p-dihydroequilin plotted as a percentage of the adminis- 
tered dose versus time of blood sampling. (Adapted with permission 
from Ref. 26.) 

equilenin, l’la-dihydroequilin, and 17a-dihydroequilenin 
(1). With the exception of the 17a-reduced metabolites, the 
remaining three met;abolites of equilin were also formed in 
the human (35-36). Similarly, in the above pharmacokinetic 
studies, following pulse injections of equilin sulfate and 
equilin, small amounts of 17a-dihydroequilin sulfate, 17p- 
dihy.droequilin, elquilenin sulfate, equilenin. 17p- 
dihydroequilenin sulfate, and 17P-dihydroequilenin were 
formed (25). Along with equilin sulfate and equilin, the 
above metabolites were also formed following pulse injec- 
tions of 17a-dihydroequilin sulfate and 17P-dihydmequilin 
(26). 

The precise amounts of each metabolite of the parent 
estrogen equilin sulfate have been determined, under steady 
state conditions, folbowing a constant infusion of [3H]equi- 
iin sulfate (27). The mean conversion ratios for equilin sul- 
fate to its various metabolites, indicate the following order 

of formation: 17@dihydroequilin sulfate > equilcnin sulfate 
> 17P-dihydroequilenin sulfate > 17P-dihydroequilin > eq- 
uilin > equilenin > 17P-dihydroequilenin. In both the sul- 
fate-conjugated form and the unconjugated form, the most 
abundant metabolite formed was the more potent estrogen 
I7P-dihydroequilin. This conversion is analogous to the 
conversion of estrone sulfate to 17&estradiol; however, the 
latter conversion is approximately 10 times lower (20, 29). 
The conversion of equilin sulfate to equilin (0.016) was 
similar to the conversion of estrone sulfate to estrone 
(0.015) (20, 27). The transfer constants or p values for the 
conversion of equilin sulfate to equilin and 17+iihydro- 
equilin were 0.25 and 0.15 respectively (27). The corre- 
sponding values for the conversion of estrone sulfate to 
estrone and 17@-estradiol were 0.15-0.21 and 0.014-0.03 
respectively (20, 23). Since 17P-dlhydroequilin and 17p- 
estradiol are the active metabolites of equilin sulfate and 
estrone sulfate respectively, the extent of this activation by 
17P-reduction. is several-fold higher for the ring B unsatu- 
rated estrogens, and this is deplcted in Figure 5. 

Preliminary results also indicate that I7P-dihydro- 
equilin sulfate under steady state conditions, was rapidly 
metabolized to equilm sulfate and other ring B unsaturated 
estrogens (28). Thus, even though the amount of 17p- 
dihydroequilin sulfate originally present in Premarin is 
small, the pharmacokinetics and pharmacodynamics of eq- 
uilin sulfate and 17P-dihydroequilin sulfate and the exten- 
sive interconverslons between these estrogens, support the 
hypothesis that increased estrogenic activity, associated 
with Premarm. compared to single component drugs such as 

\ 

Figure 5. Extent of in VW actlva- 
‘9, 

‘%I 
tion of tbr3 two main components ot 
conjugated equine estrogen prepa- 

0 rations by 176-hydroxysterold de- 
hydrogenase. The values shown 

are transfer anstan=. 
Equtlm Eqllh SUlhle ESlTCfle Estrcne Sulfate 

Wdlum Sort) (Sodium salt) 
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prperazine estrone sulfate and micronized estradiol, may in 
fact be due to the increased formation of the ring B unsat- 
uratcd 17B-reduced metabolites. 

Pharmacokinetics of Delta-&Estrone 
This novel ring B unsaturated estrogen (conjugated 

double bond in the B ring) is the most recent component 
identitied in Premarm. Approximately 3.5% of the total es- 
trogens, present in Premarm, consists of delta-8estrone sul- 
fate. This estrogen in its radioactive form is not available for 
pharmacokmetic studies of the type carried out with eqailin 
sulfate and 17B-dihydroequilin sulfate. However, as dis- 
cussed above, these types of estrogen sulfates are readily 
converted to unconjugated estrogens; therefore, pharmaco- 
kinetics of unconjugated delta-8-estrone were determined in 
both postmenopausal women and men (13). The mean MCR 
of delta-8-estrone was 1711 i 252 l/day . m2 (Table VI), 
and the disappearance of radioactivity as delta-8-estrone 
also had at least two components (Figure 6). Tbe 2-fold 
difference between the two men and five postmenopausal 
women was most likely due to normal individual variations 
in fractional turnover rates, volumes of distribution, and 
hepatic and renal blood flow. Similar differences have been 
reported for other estrogens. The V, (19.8 1 f 2.0) for delta- 
8-estrone was much larger than the plasma volume, and this 
suggests relatively low binding affmity for SHBG and al- 
bumin. The MCR of delta-S-e&one is approximately 1.5 
times lower tha.n that of equilin but higher than that of 
17Bdihydroequilin and similar to that of estrone. The re- 
stilts from these investigations also indicated that delta-& 
estrone was fairly rapidly metabolized to the more active 
estrogen, delta-8 17B-estradiol, delta-g- 17B-estndiol sul- 
fa&, and delta-8-estrone sulfate (Figure 6). 

The pattern of delta-8-estrone metabolism appeared to 
be unique since the major metabolite in both the unconju- 
gated and sulfate-conjugated form was the more active 17B- 
reduced product. Very small amounts of radioactivity rc- 
mained unaccotmted for. The rate of formation of delta-8 
estrone sulfate and delta-g- 17Bestradiol sulfate indicates 
that peak levels of these two metabolites were attained in 
60-90 minutes and that nearly equal amounts of the two 
metabolites were formed (Figure 6). Though the extent of 

17B-reduction (i.e., formation of delta-8-l7B-estradiol and 
its sulfate) supports observations with other ring B unsatu- 
rated estrogens, the extent of this activation of thus estrogen 
is far greater. Whether or not this is due to the novel struc- 
ture of delta-8-estrone, remains to be determined. Since 
both delta-8-esrrone and delta-8-17B-estradiol can interact 
with estrogen receptors (13). and delta-8-estrone sulfate has 
been shown to have clinical effects (9). this estrogen can 
contribute to the overall in viva brological effects of Pre- 
marin even though it is present in relatively small amounts. 

In Vitro Metabolism of Ring B Unsaturated 
Equine Estrogens 

Metabolism of Equilin in Human Endome- 
trium. Equilin is extensively metabolized by various types 
of normal and malignant human endometrium. including 
adenocarcinoma grown in athymic nude mice (37). In these 
tissues, equilin was metabolized to equilenin, l’l&dihydro- 
equilin, and 17P-dihydroequilenin. Equilenin was the most 
abundant metabolite formed by both normal and malignant 
endometrium. The highest level of the two 17B-reduced 
metabolites was formed by the secretory endometrium. 
Similar observations have been made for the conversion of 
estrone to 17P-estradiol (38, 39). These findings are in 
keeping with the several-fold higher activity of 17B- 
hydroxysteroid dehydrogenase reported in the secretory en- 
dometrium (39). The formation of 17B-dihydroequilin in 
the endometrium may be of importance, as this estrogen is 
several times more potent a uterotropic agent than equilm 
and estrone. 

Metabolism of Equilin to Catechol Estro- 
gens. It has been suggested that the oncogenic potential of 
the classical estrogens, estrone and 17B-estmdiol, and syn- 
thetic estrogen depends on the extent of their metabolism to 
extremely labile catechol estrogens (40, 41). In the Syrian 
hamster kidney mode, 17B-estmdiol, estrone, and equilin 
induced kidney tumors in the majority of animals. Interest- 
ingly. 2-hydroxy estrone and 2-hydroxy estradiol were in- 
active whereas 4-hydroxy estradiol induced kidney tumors 
in 100% of the animals (42). In contrast, ring B unsaturated 
estrogen equilenin tn pig liver formed only 4-hydroxy equi- 
lenin, which was devoid of any carcinogenic activity in the 

Table VI. Phannacokinetic Parameters of Delta-8 Estrone in Postmenopausal Women 

Subject Sedage 
no. year V,(L) 

tvi components 
MCR 

minutes MCR (Way) (Uday.mz) MCWkV, 
1 2 

1 M.59 22.0 6 2133 1066 0.50 
2 M,66 9.0 6 :: 1261 630 0.76 
3 F,47 25.0 5 35 3580 1990 0.65 
5” F,83 F,70 25.0 20.0 5 40 3458 2034 0.60 

6 F.37 21.0 z 2358 
3595 2055 0.74 
4069 2543 0.59 

Mean: F,67 SEM 19.8 17.0 2 2.0 zo.2 40.4 35 * 3150 1660 0.72 5 4 
3035 k 380 1711 f252 0.65 iz 0.04 
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hamster kidney (42). However, conflicting results have re- 
cently been reported by the same investigator (43). 

We  have recently (44), demonstrated that human endo- 
metrial preparations can form 2- and 4-hydroxy equilin, 
with 2-hydroxylaclon being predominant (2.5 times higher 
than 4-hydroxylation). In contrast, 2-hydroxy estradiol and 
4-hydroxy estradiol in the proliferative human endometrium 
were formed in equal amounts (45). Thus, the extent of 2- 
and 4-hydroxylation of an estrogen may be dependent on 
the structure. The role of catechol derivatives of ring B 
unsaturated estrog:ens in postmenopausal women has not 
been studied. These catechol derivatives can serve as sub- 
strates for redox cycling and generation of free radicals that 
may result in adduct formation and subsequent cell damage. 
Alternatively, these equilin metabolites could play a protec- 
tive role in the endometrium as free radical scavengers and 
antioxidants. Moreover, the formation of these catechol es- 
trogens in the human endometrium can also decrease the 
amount of equilin available for metabolism to the more 
potent 17&reduced products. 

Urinary Excretion of Ring B 
. Unsaturated Estrogens 

In the pregnant mare, following administration of 
. 13H]equilin, more than 90% of the administered dose was 

excreted in the urine within 2 hr. Over 84% of this total was 
. present in the sulfate fraction whereas only 5.6% and 1.7% 

were found in the: glucoronide and unconjugated frachon 
. respectively (1). llhe major metabolite of equilin excreted in 

the urine was equilin sulfate, followed by 17a-dihydrc+ 
, equilin sulfate. In contrast, following administration of 

[‘H]equiIin sulfate (or equilin) and r3H] lIl&dihydruequilin 
* to post-menopausal women and men (22. 35. 36), less than 

50% of the admmistered dose was excreted in the urine. The 
, bulk (63%-74%) of the radioactive metabolites excreted 

Figure 6. Pharmacokinetics of 
delta-B-e&one and  its three me- 
tabolites, after administration of 
[‘4C]delta-8-estrone. 

fiii6iir 
Time (hours) 

were in form of glucuronides (Table VII), whereas 16%- 
17% and l%-2% were found in the sulfate and unconju- 
gated fractions respectively. From these fractions, equilin, 
equilenin, 17~dihydroequilin. and 17P-dihydroequilenin 
were identified. No 17a-reduced metabolites were formed. 
However. the bulk of the radioactivity was present in the 
form of two very polar metabolites (1, 2, 22, 35, 36). Re- 
cently, these two metabolites were identified (46) as 16a- 
hydroxy- 17@-dihydroequil in (1,3,5( 10)7-estratetraen- 
3,16a.l7P-trial) and 16a-hydroxy-l7P-dihydroequilenin 
(1.3,5(10)6,8-estrapentaen-3,16a,l7p-trial) depicted in Fig- 
ure 7. Previous studies (47,48) have discussed the potential 
role of 16a-hydroxylated estrogens in oncogenic and other 
disease processes. More importantly, it was demonstrated 
that 16a-hydroxyestrone, which is a major urinary metabo- 
iite of l’l&estradiol and estrone in humans, can form stable 
covalent adducts with macromolecules, which may be in- 
volved in diseases such as breast cancer (49). The covalent 
adduct formation between 16a-hydroxy estrone and macro- 

Table VII. Distribution of Urinary Radioactivity in 
Various Fractions after Intravenous Administration of 

“H-Equilin Sulfate and  3H-1 7P-Dihydroequil in to 
Postmenopausal Women 

%  of total recovered in the XAD-2-extract 

Fraction 
of urine (mean f SD) 

Equilin sulfate l-/p-Dlhydroequilin 
(n =  4)a (n =  5)b 

Unconjugated 1.3 i: 0.5 1.7 f 0.5 
Sulfates 16.9 f 8.0 16.4 * 5.0 
Glucuronides 73.6 f 6.6 63.0 f 10  

’ %  dose excreted in urine in 3  days 39.75 f 8.6: XAD-2 extractable 
87.75f 4.6. 
‘%  dose excreted in urine in 3  days 46.2 -+ 10.5; XAD-2 extractable 
78.8 f 6.6. 
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Hgure 7. /n viva lb-hydroxylation of estrone and the ring 8 unsaturated estrogen equilin. and the potential for forming adducts. 

molecules occurs because of the presence of the D-ring 
a-ketol (i.e., 16a-hydroxy-17-ketone structure (Figure 7)) 
(50, 51). Since the two 16a-hydroxylated mctabolites of 
equilin lack this tx-ketol, it is highly unlikely that these 
metabolites of ring B unsaturdted estrogens can form the 
potentially carcinogenic stable adducts, by the proposed 
mechanisms. The absence of 17-keto-16a-hydroxylated de- 
rivatives of equilin in human urine following the adminis- 
tration of equilin and 17@-dihydroequilin, supports the ob- 
servations that 17(3-reduction occurs at a much higher ex- 
tent than with the classical estrogen estrone, as discussed 
above (Figure 6). 

Summary of Key Points 

I. All 10 known components of Premarin are biologi- 
cally active esstrogens. 

? -. These estrogens can be absorbed as sulfates from the 
gastrointcstinnl tract. 

3 Estrogen sulifntes do get hydrolyzed to some extent in 
the gasistrointestinal tract. The unconjugated estrogens 
are absorbed more readily than their corresponding 
sulfate forms 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

The unconjugated estrogens after absorption are rap- 
idly sulfated (First Pass Metabolism) and circulate in 
this form. 
The sulfate forms of these estrogens can bmd to aibu- 
min with a higher affinity than their unconjugated 
form. 
The 17P-reduced forms bind to SHBG with high af- 
finity. 
The 17-keto components of conjugated equine estro- 
gen preparations. such as estrone sulfate, equilin sul- 
fate. and delta-8-estrone sulfate, are metabolized by 
postmenopausal women to the more potent 17p- 
reduced products. 
The extent of this activation (17P-reduction) is nearly 
10 times higher with the ring B unsaturated estrogens. 
This activation can occur in target tissues such as the 
human endometrium. 
Both types of estrogens can form the 7,- and 4-hydroxy 
catechol derivatives. 
16a-hydroxylation occurs with both types of estro- 
gens; however, 16a-hydroxy-17P-dihydroeyuilin and 
16ol-hydroxy- 17a-dthydroequiienin cannot bind cova- 



I I. 

I?. 

lenrly with proteins or other macromolecules as pro- 
posed for I ba-hydroxy esrrone. 
Individual components of conjugated equine estro- 
gens, such as equilin sulfate, delta-8-estrone sulfate. 
17P-dihydroequilin sulfate. and estrone sulfate have 
potent clinical (estrogenic) effects. 
Since all of the conjugated equine estrogens hnvc es- 
trogenic activity, the pharmacological effects of Pre- 
marin are a result of rhe sum of these Individual ac- 
tivities. Therefore. preparations lacking some of these 
components may mimic only some of the pharmaco- 
logical effects of Premarin. Whether or not these types 
of preparations can offer the same degree of beneficial 
effects as Premarin has not been demonstrated. 

Conclusions 
In 1988, we reviewed (2) the literature regardmg the 

biosynthesis of the ring B unsaturated by the pregnant mare 
m a paper entitled “The Saga of the Ring B Unsaturated 
Equine Estrogens.” Since then, we have gained insight into 
the pharmacokinetics and pharmacodynamics of these 
unique groups of estrogens. Moreover, there is now a large 
body of evidence clearly indicating that conjugated equine 
estrogens, such as Premarin, not only provide relief of the 
vasomotor symptoms in postmenopausal women but also 
prevent osteoporosis, decrease the risk of cardiovascular 
disease, and improve the quality of life in these women, 
More recently, preliminary data suggest that these estro- 
gens may also delay or prevent Alzheimer’s disease and 
the aging process in general. Further research and clinical 
trials are needed to substantiate these important initial 
observations. 

Since Premarin expresses its effects through all of its 
components, and because of its complexity, it is difficult to 
envision how a synthetic mixture of some of these estrogens 
is going to exert lthe same biological and clinical effects 
associated with this drug. Recent work dealing with the 
mechanism of how an estrogen expresses its effects strongly 
suggests that some: of the Premarin components may have 
tissue selective eff’ecrs even when present in small concen- 
trations. Thus, identification of estrogen components that 
may be involved, for example, in cardioprotective effects 
offers the opportunity for development of new drugs that 
may be of therapeutic use not only in postmenopausal 
women, but also in men. Hence, the “Saga of the Ring B 
Unsaturated Estrogens Continues.” 
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- Biologic Effects of Dk#%@~ktrofie 
Sulfate in Postmenopausal Women 

Bhlagu R. Bhavnani, PhD, Anthony Cecutti, MD, and Mike S. Dey, PhD 

OBJECTIVE: To determine tn postmenopausal women the biological effects of delta-8-estrone suyate, a 
novel estrogen component of Premarin (Wyeth-Ayerst, Philadelphia, PA). 
ICIETHODS: An open-label, nonrandomized study of six healthy postmenopausal women was conducted. 
Each subject took 0. 125 rnx of delta-g- estrone suijate daily for 8 u&.s. Blood samples were collected at 
day 0 (baseline) and once a week for 8 weeks. Urine was collected on day 0 and at weeks 2, 3, 5, 6, 7, 
and 8. Serum gonadotropins follicle-stimulating hormonc/luteinizing hormone), plasma binding proteins 
(corticosteroid-binding globulin/sex honnonc binding globulin), a marker for bone turnover (urinary 
n-telopeptide), and markers for cardiovascular effects (cholesterol, low-density lipoprotein,, high-density 
lipoprotein,, low-density lipoprotein oxidation, and rate of diene formation) were measured. 
RESULTS: Follicle-stimulating hormone levels decreased from 84.0 2 8.5 to 67.0 2 8.5 mlU/mL 
(P = .02), whereas luteinixing hormone levels did not change. Corticosteroid-binding globulin levels 
increasedfrom 3.30 -t 0.16 to 4.10 2 0.16 mg/dL (p = .02), and no change in sex hormone- binding 

globulin was noted. The n-telopeptide levels decreased an average of3 1 %/ram 40.7 I? 4.9 to 28 % 7.0 
nmol/L bone collagen equivalents/mmol/L creatinine (P = .03). Plasma dicne concentration and diene 
production rate decreased by 34% and 40%, respectively; these changes were not sign@antly di&erentfrom 
baseline values. In contrast, a sign$ficant (p = .03) 68% increase in the lag timrfor low-density lipoprotein, 
oxidation (38.5 + 5.5 minutes versus 64.8 -C 8.5 minutes) was obsewed. No significant change occurred 
in total cholesterol, high-density lipoprotein,, and low-density lipoprotein,. 
CONCLUSION: Small doses (0.125 mg) of delta-8-estrone suyate have profound estrogenic eJecti in 
postmenopausal women. The changes observed in n-telopeptidc 1eveLc and the lag-time delay in oxidation 
of low-density lipoprotein, indicate that this estrogen contributes toward the overall beneficial e@.s on bone 
and cardiovascular system associated with Premarin therapy. (J Sot Gynecol Invest 1998;5: 156-l 60) 
Copyright Q 1998 by the Society for Cynecologic investigation. 

KEY WORDS: Delta-8-estrone sulfate, oxidized low-density lipoprotein, oxidation lag time, 
n-telopeptide. 

n remarin (Wyeth-Ayerst, Philadelphia, PA), a conjugated 
equine estrogen preparation, has been extensively used 
for estrogen replacement therapy, prevention of osteo- 

porosis, and cardiovascular disease in postmenopausal women. 
Premarin has been known to contain the sulfate esters of the 
ring B saturated estrogens estrone (El), 17P-estradiol(17~-E3, 
and 17a-estradiol (1 7a-Ea), and the ring B unsaturated estro- 
gens equilin (Eq: 3-hydroxy-1.3,5(10)7-estratetraen-17-one), 
equilenin (Eqn: f-hydroxy-1.3,5(10)6,8-esmpentaen-17dne), 
17a-dihydroequilin (l’la-Eq: 1,3,5(10) 7-estratetraen-3,17a- 
dial), 17&ziihydroequilin (17@Eq: 1,3,5(10) 7-estratetraen-3, 
17@diol), 17a-dihydroequilenin (17a-Eqn: 1,3,5(10) 6,8-es- 
trapentaen-3, 170:~diol), and 17P-dihydroequilenin (17P-Eqn: 
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1,3,5(10)6,8-estrapentaen-3,17/3 dial). Along with the above 
nine estrogens, the presence of a tenth ring B unsaturated 
estrogen component identified as delta-8-estrone (delta-8-E,, 
Isoequilin; 3-hydroxy-1,3,5(10), 8-estratetraen-l7-one) has 
now been confirmed in Premarin. Delta-&E, is the fifth most 
abundant estrogen component in Premarin and makes up 

approximately 3.5% of the total estrogen present in a Premann 
tablet. Recently,2 it was demonstrated that delta-8-E, has i% 
vivo esuogenic activity, can interact with utenne estrogen 
receptors, and that titer intravenous administration m men and 
postmenopausal women, it was cleared from the blood fairirlp 
rapidly (metabolic clearance rate: 1711 2 252 L/d/m*). The m 
vivo pattern of metabolism of delta-8-E, appears to be quote 
unique in that the major circulating metabohte rn both the 
unconjugated and the sulfate conjugated form was the 17B- 
reduced estrogen: delta-S, 17&estradiol (delta-8, 17P-E,: 
1,3.5,(10),8-atratetmen-3, 17&diol). In this study, we have 
determined the in vivo effects of daily oral admxustration of 
0.125 mg of delta-8-estrone sulfite (delta-8-E,S), III post- 

107,-5576/98/119.M. 
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&30 i 
Figure 1. Structure of delta-8-E,S. 

menopausal women. This IS the amount of delta-8-E,S present 
m  one 2.5 mg Premarin tablet. 

MATERIALS AND METHODS 

Study Design 
This trial was an open-label, nonrandomized pilot study de- 
signed to determ.me the effects of daily oral administration of 
0.125 mg delta&E,S (Figure 1) for 8 weeks, on serum go- 
nadotropins (folhcle-stimulating hormone [FSH]/luteinizing 
hormone [LH]); plasma binding proteins (corticosteroid-bind- 
ing globulin [CBG], sex hormone-binding globulin [SHBG]), 
a marker for bone turnover (urinary N-telopeptide), and 
markers for cardiovascular effects such as cholesterol, low- 
density lipoprotein, (LDL,), high-density lipoprotein, (HDL,), 
LDL oxidation ra.te, and diene formation m  postmenopausal 
women. 

Subjects 
SIX healthy postmenopausal women, between the ages of 47 
and 60 years, were recruited to participate in the study. All 
subjects were nonsmokers and had undergone natural meno- 
pause and postmenopausal amenorrhea for at least 12 months. 
They were not taking any hormones or antioxidant supple- 
ments or experiencing vasomotor symptoms and their body 
weight was within 220% of ideal weight. Their 17P-E, and 
FSH were less than 20 pg/rnL and greater than 50 mIU/mL, 
respectively. This study was approved by the Human Research 
Ethics Board of St. Michael’s hospital and the University of 
Toronto. Informed consent was signed by each subject before 
initiation of the study. 

Sample Collection and Analysis 
Blood samples were collected after overnight fasting at day 
zero (predose, baseline) and, following admimstration, once a 
week for 8 weeks. Plasma (ethylenediamme tetra-acetic acid 2 
mg/mL) was refrigerated at 4C and shipped within 24 hours 
for analysis of HDL,, LDL,, total cholesterol, conjugated 
dlenes, diene production rate, and LDL oxidation (lag-time 
determination). Serum was stored at -20C until shipped (dry 
ice) for analysis of CBG, SHBG, FSH, and LH. First morning 
void urine samples were collected in amber glass vials on day 

0 and at weeks 2, 4, 6, and 8. These urine samples were stored 
at -20C until shipped (dry ice) for analysis of n-telopeptlde. 
AU plasma, serum, and unne samples were analyzed m a 
blinded manner by university/hospital-based clinical research 
laboratories or commercial laboratories as follows: serum FSH, 
LH (immunochemillurnmometric assays), binding capacity of 
SHBG (displacement technique), serum CBG (radloimmuno- 
assay), and 17P-E, (radioimmunoassay after extraction and 
LH,, column chromatography) were assayed by Endocrine 
Sciences, Agoura Hills, CA. The intra- and interassay coefli- 
cient of variation for all of the above assays were less than 10%. 
The following assays were performed in Dr. Jean Davlgnons’ 
research laboratories, Clinical Research Instltute of Montreal, 
University of Montreal, Montreal, Canada. Plasma cholesterol 
and HDL (isolated by the heparin-magnanese separation of apo 
B-containing lipoproteins) were measured enzymatlcally’ on 
an automated autoanalyzer. The value for LDL cholesterol was ’ 
calculated using the equation of Fnedewald et aL4 Plasma levels 
of conjugated dienes were determined by a spectrophotomet- 
ric assay. 5 The LDL oxidation (lag time) and the propagation 
rate of conjugated diene production were measured by con- 
tinuous monitoring at 234 nm as described by Esterbauer et al.h 
Type 1 collagen cross-linked n-telopeptide levels m  urine were 
measured using an enzyme-linked immunosorbent assay 
(ELISA) immunoassay kit’ at the Bone Metabolism Depart- 
ment, Helen Hayes Hospital, NY. This assay has been used to 
monitor and predict therapeutic effects of estrogen replace- 
ment therapy on bone mineral density m  postmenopausal 
women.8 The n-telopeptlde values have been normalized on 
creatinine clearance. 

Statistical Analysis 
Baseline values were compared with values obtained after the 
last week of therapy by using paired Student t tests. Paired data 
from each subject were used for these statistical analyses, how- 
ever, in the figures, the mean 2 standard error of baseline and 
final week treatment values from all SIX subjects are deplcted. 
P 5 .05 was considered significant. 

RESULTS 
All subjects tolerated the dose of 0.125 mg of delta-8-E,S 
taken daily for 8 weeks. None of the subjects experienced 
vaginal bleeding, spotting, withdrawal bleeding, or any other 
side effects. One subject was out of town during week 8 and; 
therefore, she continued to take the delta-8-EIS for an addi- 
tional week. 

Follicle-Stimulating 
Hormone/Luteinizing Hormone 

Serum FSH decreased significantly (P < .02) from a mean 
84.0 t 8.5 mIU/mL (range: 64-108) to a mean value of 
67.0 + 8.5 mIU/mL (range: 44-104) after 8 weeks of therapy 
with delta-&E,S. In contrast, no significant change in LH 
levels was observed between the baseline 42.8 + 8.5 mIU/mL 
(range: 27-81) and post-treatment levels 40.5 + 7.5 mIU/mL 
(range: 26-64). 
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Figure 2. Changes m the lag time (LDL oxldatlon) after dally oral 
admmlstration of 0 125 mg of delta-8-E,S to postmenopausal 
*omen 

Corticosteroid-Binding Globulin/Sex 
Hormone-Binding Globulin 

Though serum CBG levels significantly increased (P < .02), 
from a mean baseline value of 3.3 t 0.16 mg/dL (range: 
2.7-3.9) to 4.10 It- 0.16 mg/dL (range: 3.4-4.6) after 8 weeks 
of therapy, no significant change was observed m the serum 
SHBG levels (baseline: 1.2 -C 0.18 pg/dL versus post treat- 
ment value 1.15 2 0.15 p.g/dL). 

Markers of Cardiovascular Effects 
(Lipid Parameters) 

During the 8-week treatment with delta-8-E,& total plasma 
cholesterol levels did not significantly change Gem baseline 
levels 5.255 ,? 0.200 mmol/L (range: 4.55-6.01) versus the 
post-treatment value (5.15 t 0.37 mmol/L) (range: 3.7-6.3). 
Though a 12% increase in HDL cholesterol (1.30 -f 0.16 
mmol/L versus 1.5 t 0.2 mmol/L) and a 6% de&ease in LDL 
cholesterol (3.0 rt 0.2 mmol/L versus 2.8 C 0.4 mmol/L) 
were observed after the 8-week. treatment periad, these 
changes were not significantly different Gem the baseline val- 
ues. Plasma diene concentrations decreased by 34% from the 
baseline levels of 0.25 2 0.03 mmol/L to 0.165 t- 0.020 
mmol/L, and similarly, the diene production rate decreased by 
40% from 11.2 -+ 2.2 nmol/min/mg protein to 6.7 +- 0.6 
mmol/min/mg protein, these changes were not statistically 
slgmficant with P > 0.1 and P > 0.09, respectively. In 
contrast, as depicted in Figure 2, a significant 68% (P < .03) 
increase in the lag time for the LDL oxidation from a basehne 
value of 38.5 2 5.5 minutes versus 64.8 It 8.5 minutes post- 
treatment, was observed. 

Urinary N-Telopeptides 
The levels of urinary n-telopeptides of type 1 collagen (Figure 
3) expressed as n moles bone collagen equivalents per mmole 
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Figure 3. Changes in urinary n-telopeptlde concentranons after 
daily oral administration of 0 125 mg of delta-8-E,S to postmeno- 
pausal women. 

creatinine (nM BCE/nM Cr), decreased by 31% (P < .03) 
from the baseline values of40.7 2 5.0 to 28 t- 7 nM BCE/nM 
Cr after 8 weeks of therapy with delta-8-E,S. 

DISCUSSION 
In this study, we provide data that indicate that the novel ring 
B unsaturated estrogen delta-8-E,S is a potent estrogen. A dose 
of 0.125 mg of delta-8-E,S administered daily for 8 weeks 
significantly increased CBG, and the lag time for LDL oxida- 
tion and decreased FSH and the urinary levels of the bone 
resorption marker n-telopeptlde. The lack of significant 
changes in other estrogen-induced end points such as SHBG, 
cholesterol, LDL,, and HDL, are most likely due to the short 
duration of this study and/or the small number of subjects. 
Although the dose (0.125 mg) ofdelta-8-E,S used in this study 
is the amount present in one 2.5-mg tablet of Premarin, this IS 
still a relatively very small amount of oral estrogen to have 
biological effects in postmenopausal women. Other individual 
ring B unsaturated estrogen components of Premarin have also 
been shown to have biologc effects. Thus, Howard and 
Keaty’ demonstrated that m  postmenopausal women, oral EqS 
was five times more potent in suppression of urinary gonado- 
tropins than E,S. Similarly, 0.25 mg of EqS was as active as 
0.625 mg of Premarin in stimulating the vaginal epithelium 
and alleviating menopausal vasomotor symptoms.‘0 Lobo et 
al,” also demonstrated that doses of 0.31 and 0.625 mg of EqS 
were 1.5 to 8.0 times more potent than comparable doses of 
E,S and conjugated equine estrogens (Premann) m  stlmulatmg 
the synthesis of hepatic proteins such as SHBG, CBG, ango- 
tensinogen, and HDL,. However, EqS alone was somewhat 
less potent than Premarin in its ability to Inhibit bone resorp- 
tion, but its activity was similar to that of E,S. In this study, 
0.125 mg of delta-8-E,S was found to significantly lower the 
levels of the urinary bone resorption marker n-telopeptide. 
These findings suggest that on direct weight basis (ie, milligram 
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for milligram) thu estrogen may be a more potent inhibitor of 
bone resorption. However, more detailed dose-response stud- 
ies are needed before firm conclusions can be made. An earlier 
study” showed that the 17P-reduced metabolites of ring B 
unsaturated estrogens such as 17/3-EqS were also effective m 
controllmg vasomotor symptoms. In this study, oral adminis- 
tration of 0.3-0.4 mg/d of 17P-EqS was as effective as 0.625 
mg of conjugated equine estrogens. In a previous study,* it was 
demonstrated that the pattern of in vivo metabolism of delta- 
8-E, was rather unique, in that the major metabohte in both 
the unconjugated and the sulfate conjugated form was the 
more active 17@recluced product. Though the extent of 17p- 
reduction, ie, formation of delta-8-17@E2 and delta-8-17P- 
E,S, IS m keeping with observations with other ring B unsat- 
urated estrogens, the extent of this activation was much 
greater.” Because it has been previously reported* that delta- 
8-E, m postmenopausal women was metabolized mainly to 
delta-8-17@E,S and delta-8-17P-E,, it is quite possible that 
some of the biologic effects observed in this study may be due 
to the formation of these active metabolites. Snnilarly, it has 
also been suggested that the biologc effects of EqS may be due 
to the formation of its active metabolites 17p-Eq and 17p- 
EqS.‘,14 

Though the cardloprotecuve effects of estrogen replace- 
ment15-17 and homrone replacement (estrogen + progestin) 
therapy ” in postmenopausal women have been well docu- 
mented, the mechanism for this beneficial effect has not been 
established. An earlier hypothesis proposed that estrogen use 
was associated with hepatlc lipid changes that result in de- 
creased levels of total cholesterol and LDL, and an increase in 
HDL, and that these were the important factors. However, 
more recent studies indicate that these lipid changes account 
for only 25-50% of the reduction in cardiovascular nsk asso- 
ciated with estrogen therapy.16 More recent studies indicate 
that oxidatively modified LDL plays an important role in the 
process of atherogen’esis and that oxidized LDL is more athero- 
genie.” Inhibition of the formation of oxidized LDL would 
therefore be beneficial. A number of in vitro and in vivo 
studies20-26 have shown that various estrogens can inhibit 
oxidation of LDL. An in vitro study26 also indicated that 
delta-8-estrone, 17o-dihydroequilenin, and 17@dihydro- 
eqmlenm were the most potent antioxidants present in Pre- 
marin. Data from the present m  vivo study clearly indicate that 
small amounts of delta-8-E,S administered orally for only 8 
weeks also inhibited the oxidation of LDL (increase m lag 
time, Figure 2). Thus, both in vitro and in vivo observations 
indicate that delta-8-El IS a potent antioxidant. 

Adnunistration of Premann to postmenopausal women27,28 
also resulted in a significant inhibition of LDL oxidation, and 
because all ten known components of Premarin have antiox- 
idant properties,*’ some of the cardiovascular benefits assocl- 
aced with this drug are most likely due to this mechanism. 
Furthermore, the results from this study, with regard to n- 
telopeptide levels and the lag-time delay in the oxidation of 
LDL indicate that delta-8-E,S contributes significantly to the 
overall beneficial eff‘ects on bone and cardiovascular system 

associated with Premarin therapy. These data further support 
the hypothesis that the biological effects of Premarin are the 
sum of the effects of its various individual components.’ 
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Pharmacokinetics of Equilin and Equilin Sulfate in 
Normal Postmenopausal Women and Men* 
BHAGU R. BHAVNANI, C. ALLAN WOOLEVER, HENRY BENOIT, AND 
TONY WONG 

Departnrerrl of Obstctrrcs and G),necoLogy. McMaster UnluersQ Health Sciences Centre, Ham&on, Ontario, 
Canada 

ABSTRACT. The MCRs of equdln sulfate and equlhn were 
determmed in normal postmenopausal women and a normal 
man by smgle IV InJectv~ns of either [3H]equdin sulfate or [‘HI 
equllln After the admInIstration of [‘Hlequilin sulfate, blood 
was drawn at various time Intervals. and the plasma obtamed 
was fracrlonnted mto the unconjugated. sulfate, and glucuromde 
frnctlons. The hulk of radioactIvIty was present in the sulfate 
frnctlon. and from this, [‘H]eqmlin sulfate, [‘H]170-dihydro- 
equllm sulfate. [JH]equdenm sulfate, and [‘H]17&dihydroequi- 
lenIn sulfate were isolated and purified, and their concentrations 
a’ere measured. The disappearance of radioactivity from plasma 
<is equllln sulfate can be described as a functron that is the sum 
of two rxponentials. The lmtlal fast component (half-hfe. 5.2 -C 
1 2 min) represents chstributlon and transfer from a space, with 
a rnrm volume of 12 4 +: 1 G liters The mean value for the rate 
constant of total removal from the mltlal volume 1s 163 + 19 U/ 
day. of which 15 8 f 2% 1s Irreversible The mean half-life of 

the slower component of equdm sulfate IS 190 i 23 min. and the 
mean MCR is 176 f 44 liters/day.m*. 

Similarly, after the administration of [3H]equllm to a normal 
postmenopausal woman and a man, the &appearance of radio- 
activity from plasma as equilin could be fitted by a single straight 
Ime. consistent with a one-compartment syst.cm The half-hfe 
of equlhn was approrlmately 19-27 mm. and the MCR of equihn 
was calculated to be 1982 liters/day/m’ III the normal man and 
3300 hters/day/m’ rn the normal postmenopausal woman The 
bulk of [‘H)equllin was very rapidly metabohzed to mamly 
equihn sulfate. Small amounts of 17,%dihydroequilm sulfate and 
Ii,?-dihydroequilin were also isolated from the plasma. The rn 
uwo formation of 17,Sdihydroequihn and its sulfate may be of 
Importance, as this estrogen is approximately 8 times more 
potent as a uterotropic agent than equilm sulfate (J Urn EII- 
docrrnol Melab 56: 1048, 1983) 

E QUILIN sulfate is one of the major (25%) compo- 
nents of conjugated equine estrogen preparations 

such as Premarin (Ayerst Laboratories, Montreal, Can- 
ada), which also contains sulfate esters of estrone (45%), 
17u-dihydroequilin (15%), 17a-dihydroequilenin, 17~ 
estradiol, l’i/3-estradiol, 17/3-dihydroequilin, and 17@-di- 
hydroequllenin (1, 2). These drugs have been in use for 
over 35 yr for treatment of postmenopausal women, and 
recently, a strong association between endometrial can- 
cer and estrogen replacement therapy has been demon- 
strated In a number of case-control studies (3-5). Though 
the blologlcal fate of estrone sulfate has been well estab- 
lashed In man (6-lo), sim:!lar information regarding ring 
R unsaturated estrogen equilin sulfate is not available. 
It has, however, been well established that the ring B 
unsaturate-cl estrogens are excreted in the urine exclu- 
slvely by the prprmant mare and are formed by a squal- 
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ene-cholesterol-independent biosynthetic pathway (ll- 
16). We have reported that equilin in the pregnant mare 
is metabolized and excreted in the urine primarily a~ 
equilin sulfate and its relatively inactive metabolite, 17~ 
dihydroequilin sulfate (17). We have also reported that 
after iv or oral administration of Premarin to postmen- 
opausal women, some of the equilin sulfate and estrone 
sulfate present in Premarin appears in the serum as 
unconjugated equilin and estrone (18). In the present 
investigation, the pharmacokinetics of equilin sulfate 
and equilin in normal postmenopausal women and in 
men were determined by the admmistration of WI 
equilin sulfate or [3H]equilin by the single Injection 
technique (19-21). The MCRs of the above two steroids 
as well as the metabolites of equilin sulfate present in 
blood were determined. 

Materials and Methods 

Subjects 

Five normal postmenopausal and castrate women, aged W 
60 yr, were studied. Subjects were in good health and had 
received no medication for at least 48 h before the experim ent 
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been on exogenous estrogen replacement therapy (Premarin or 
9tilbesterOl). All subjects had given informed consent before 
the procedure, and the project was approved by the Human 
Ethics committees of the university and the hospital. For 
comparison and for the development of the methods, the ex- 
l,erlments were initially performed in one healthy normal man 
(sged 58 yr). 

The radioactivity was measured m a Nuclear-Chicago (Des 
plames, IL) or Beckman (Palo Alto, CA) liquid scintillation 
,pectrometer. The radioactive material m crude urine and 
+sma was measured by counting l-ml ahquots in 14 ml 
Bi0Ouor (New England Nuclear Corp., Boston, MA) Crystal- 
line samples were dissolved in 2 ml methanol to which were 
ad&d 13 ml toluene phosphor solution containing 0.4% of 
Omnifluor (New England Nuclear). All other samples were 
cocnted using 15 ml toluene phosphor solution. All counts were 
corrrcted to 100% efficiency by external standardization. 

Steroids were purified by chromatography (no. 3 MM paper, 
Whatman, Inc., Clifton, NJ) in the following systems (compo- 
sitions expressed as vol/vol): A) isopropanol-n-butanol-am- 
monium hydroxide-water (45:15:1:39); B) heptane-methanol- 
l&O (10:9:1); C) isooctane-methanol-H20 (10:9:1); and D) ben- 
zene-cyclohexane-methanol-water (1 2.3.3). 

Detection o/ c~strogen.s 

Estrogens were detected on paper with Pauly’s reagent (22), 
which was prepared just before use by mixing equal volumes of 
sulfanihc acid (0.9 g sulfanilic acid plus 9 ml concentrated HCI 
plus 90 ml H,O) with 5% NaNO? solution; this mixture was 
allowed to react for a few minutes, and then an equal volume 
of 10% Na,CO, solution was added to it. The paper chromato- 
grams are dipped in this mixture. Equilin and 17@-dihydro- 
equilin gave orange-coloured spots, while equilenin and 17jJ. 
dihydroequilenm gave red-coloured spots 

isotopes 

[2,4-“H]Equilin (SA, 41 Ci/mmol; New England Nuclear 
zorp.). through custom synthesis, was the same preparation as 
hat used previously ( 18). It was diluted with unlabeled equilin 
.o give a specific activity ol 130 mCi/mmol. Its radiochemical 
)urity was found to be over 95% by isotope dilution techniques. 
2,4-‘H]Equilm-3-sulfate, ammonium salt, was prepared by 
idding 500 PCi [2,4-“H]equilin (SA, 130 mCi/mmol) dissolved 
a O-5 ml dry pyridine to an ice-cold mixture of chlorosulfonic 
lcid (0 05 ml) and pyridme (0.5 ml) After 15 mm at 4 C, the 
eaction mixture was warmed to 70 C and then cooled to room 
empcrature. The pyridmium salt of equihn sulfate formed was 
oliverted to the ammonium salt by dissolving the reaction 
lroduct in 5 ml 7 N ammonium hydroxide. After the addition 
‘f 100 ml distilled water, the [3H]equilin sulfate and the un- 
aacted [JH]equilin were extracted with 20 g Amberlite XAD-2 
esm (23). The resm was first washed with water (15 ml; three 

times) and then with methanolic ammonia (50 ml; three times; 
200 ml methanol plus 10 ml NH,OH). The methanol eluate 
containing the steroids was evaporated to dryness, and the 
residue was partitioned between ether and water. The ether 
extract containing unreacted [3H]equilin was discarded, and 
the 13H]equilin sulfate present in the aqueous phase was re- 
covered by reextraction with XAD-2 resin. The residue ob- 
tained (960 X lo6 dpm) was chromatographed on paper using 
system A [isopropanol-n.butanol-ammonium hydroxide-water 
(45:15:1:39)]. A single peak of radioactive material (Rf = 0.25) 
corresponding in mobility to authentic equilin sulfate was pres- 
ent and was eluted with methanol and stored under nitrogen 
at -20 C. The radiochemical homogeneity of this material was 
established by the followmg criteria 

Soluol~scs and chromatography A small aliquot (1.5 X lo6 dpm) 
of 13H]equilin sulfate was solvolyzed in tetrahydrofuran and 
perchloric acid (24). A total of 1.45 X lo6 dpm ether-soluble 
product (unconjugated equilin) was recovered (97%) Aliquots 
(1 x lo” dpm) of this material were chromatographed in systems 
B and C. A single peak of radioactive mater& corresponding 
in mobility to equilin was present in both systems. 

Isotope dilution. Repeated crystallizations of an aliquot (2.85 x 
lo5 dpm) of the solvolyzed material after dilution with carrier 
equilin (55 mg) indicated the radiochemical purity to be over 
98% (Xi = 5070; X? = 5170; X, = 5200; calculated specific 
activity, 5180 dpm/mg). 

Pulse injection studies 

These studies were carried out as described previously (19, 
20). Subjects received, in an antecubital vein, between 30-60 
PCi of either [2,4-3H]equilin sulfate or [2,4-3H]equilin in 10 ml 
10% ethanol in isotonic saline solution. Aliquots of the injection 
solution were taken to determine the radioactivity admmis- 
t,ered. Heparinized blood samples (20 ml) were obtamed at 
frequent intervals through an indwelling needle placed m a 
vein of the opposite arm. The samples were centrifuged, and 
the plasma was stored at -20 C until analyzed as described 
below. 

Extruction of plasma 

To monitor recoveries, known amounts (500-1000 pg) of 
carrier equilin, equilenin, 17$-dihydroequilin, and 17@-dihy- 
droequilenin were added to each plasma sample. After equili- 
bration for 30 min at room temperature, the plasma was ex- 
tracted with ether (45 ml, three times). The ether phase was 
washed with water (15 ml; three times), and the ether was 
removed by flash evaporation. The ether extract containing the 
unconjugated steroids was stored at -20 C until further proc- 
essing. Previous tests with [3H]equilin had shown that over 
99.5% of [3H]equilin is removed by the ether, while under these 
conditions, less than 0.5% of steroid sulfates such as [3H]equilin 
sulfate or [‘Hjestrone sulfate was extractable. The ether-ex- 
tracted plasma and the aqueous washes were combmed, and 
any residual ether was removed under a stream of nitrogen. 
Known amounts of the above-mentioned four carrier estrogens 
were again added to the diluted plasma, the pH was adjusted 
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to 2, and the mixture was saturated with NaCl (20%) and 
extracted with freshly distilled tetrahydrofuran (150 ml; three 
times). The tetrahydrofuran extract containing the steroid 
conjugat,es was solvolyzed by the addition of 0.1% perchloric 
acid, followed by incubation at 37 C for 17 h. After neutraliza- 
tion with ammonium hydroxide, the tetrahydrofuran was evap- 
orated under vacuum, and the aqueous phase remaining behind 
was extracted with ethyl acetate (100 ml; three times). The 
ethyl acetate phase was washed with water (30 ml; three times) 
and then evaporated to dryness. The residue containing steroids 
originally present as sulfates was fractionated into phenolic 
and neutral steroids by partition between benzene (25 ml) and 
1 N NaOH (10 ml; four times). The benzene phase was washed 
with water (5 ml; six times), and the benzene was removed by 
evaporation under vacuum. This fraction, which contained the 
neutral steroids, was devoid of any radioactivity. The NaOH 
phase and aqueous washes were combined, their pH was ad- 
justed to 6-7, and they were extracted with ether (100 ml; three 
times). The ether phase washed with water (30 ml; three times) 
and evaporated to dryness under vacuum. The residue con- 
tamed over 98% of the radioactivity originally present. Insig- 
nificant counts remained in the aqueous phase, indicating the 
absence of glucuronides in the plasma. Previous tests using 
[‘HJequihn sulfate and [3H]estrone sulfate indicated that the 
solvolysis under the above-described conditions was quantita- 
trve and, under these conditions, the [3H]equilin formed was 
stable. Therefore, the addition of unconjugated carrier steroids 
instead of corresponding sulfate conjugates provided a reliable 
method for calculations 3f procedural losses. 

Since preliminary experiments in which [“H]equilm sulfate 
had been injected indicated that very small amounts of radio- 
activity in the plasma was in the unconjugated form, the first 
ether extract containmg this fraction was not worked up any 
further. 

IdatLon and punfmtiorl of labeled equilin and rts metabolltes 
/mm plasma 

Each 01 the ether extract residues containing estrogens was 
chromatographed for 6 h on paper using system B. Four zones, 
corresponding in mobility to equilin (least polar), equilenin, 
17/j-dihydroequilin, and 17P-dihydroequilenin (most polar), 
were detected with Pauly’s reagent, as described above. The 
zones correspondmg in mobility to equilin and equilenin were 
rechromatographed for 65 h in system C. Single zones corre- 
sponding in mobility to equihn and equdenin were observed 
and eluted with a methanol-benzene (2.8) mixture. The eluates 
were filtered into glass-stoppered tubes and evaporated to dry- 
ness under nitrogen. Simnarly, the 17,Sdihydroequilin and 17@- 
dihydroequilenin zones were rechromatographed for 16 h in 
system D. Single zones ccrresponding in mobility to 174-dihy- 
droequtltn and 17#-dihydroequilenin were observed and were 
eluted and processed as described above. The restdue from 
these eluates was dissolved in methanol, and aliquots were 
assayed for radioactivity and mass as described below The 
radiochemical purity of the chromatographically purified com- 
pounds was confirmed in selected instances by the isotope 
dilution technique, as shown in Table 1. These data indrcated 

TABLE I. Proof of radiochemical purity of ‘H-labeled estrogen, Isa 
lated from plasma (sulfate fraction) after IV admnnstratton of ]Q, 
equrlm-3.sulfate (subject 1) 

SA (dwdmg) 

Crystallization 
EqUllWl” 

178.Dthy- 17@% 
Eqmlenmb droequi- droequ,. 

lin’ 

1 330 80 110 
2 350 no 115 270 
3 340 85 110 

’ 
260 

Calculated 330 80 110 270 
’ A total ot 6600 dpm [3H]equilin eluted from the paper chromab 

gram run in system C was mixed with 20 mg carrier equihn befarp 
crystallization The calculated value is based on these figures 

b A total of 1600 dpm [3H]equilenrn eluted from the paper chra. 
matogram run in system C was mtxed with 20 mg carrier equr~ee,~ 
before crystalhzatton. 

‘A total of 2220 dpm [3H]17$-dihydroequilm eluted from the paper 
chromatogram run in system D was mixed with 20 mg carrrer 17p. 
dlhydroequilin before crystallization. 

dA total of 5400 dpm [3H]17,T-dihydroequilenm eluted from the 
paper chromatogram run m  system D was mmed with 20 mg carrier 
178.dlhydroequtlemn before crystallizatmn 

that the purification steps used were sufficient to attam radi- 
ochemical purity. 

Determuzation of procedural losses 

The amount of carrier estrogens remammg after purification 
was determined by measuring the optical density at 280 nm 
using a Beckman model 25 spectrophotometer. The optical 
densities of the samples were compared with those obtamed 
from known concentrations of equilin, equilenin, 17p-dihydro- 
equilin, and 178-dihydroequilenin. Knowing the mass of each 
carrier steroid added before extraction and the amount remain- 
ing after purification, the percent recovery was calculated (50s 
80%) and was used to correct the amount of radioactive estro- 
gen isolated for procedural losses. 

Analysis 4 data 

The two-compartment model described by Tait et al. (19], 
Tait and Burstein (20), and Rizkallah et al (21) was used to 
calculate the MCRs of equilin and equilin sulfate. The MCR 1s 
defined as the volume of plasma irreversibly cleared of INS 
hormone content per unit time (liters per day) and is also 
expressed in terms of surface area as liters per day/me. 

The disappearance curve for radioactive equilm sulfate in 
plasma was represented by at least two exponentials X’ = 
A’e-“’ + B’e-O’, where X’ is the concentration of the radioac- 
tivity measured specifically as equilin sulfate, and 

MCR(L1ters/day) = + = .6. 
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*be@ A ’ and B’ are the intercepts on the ordinate axis obtained 
bY ,xtrapolation of the two curves to zero time (expressed as 
be fra ction of the administered dose of radioactivity per liter 
plsema), cy is th e slope of the first component, and /j is the 
Jope ef Fhe final part of the curve. The inner volume (Vi), the 
vo1urae into which the iv injected hormone was immediately 
distributed, was calculated from the relationship V, = l/(A’ + 
By) at time zero. The rate constant (k) of total removal (re- 
“&ble and irreversible) of equilin sulfate from V, was calcu- 
lafid using the equation (21): k = (A’u + B’@)/(A’ + B’). 

The percentage of equilin sulfate removed irreversibly was 
,deulated from the expression (21): rate of irreversible re- 
,,ioval/rate of tota!. removal = MCR/kV,. 

Time &lins) 
Fls 1. Disappearance of radioactivity from plasma as [‘Hjequilin 
sulfate plotted as a percentage of the administered dose us time of 
blood sampling in female subJect 4 

Y 180 240 x9 XI I  (20 

Time (Mind 
IG 2. Disappearance of radloactrvity from plasma as [3H]equilin 
rlfatr plotted as a percentage of the administered dose us. t ime of 
ood sJnmhng m  male subJect 5 

Results 

Pharmacokinetics of equilin sulfate 

The concentration of radioactivity as equilin sulfate, 
expressed as a percentage of the administered dose, was 
plotted on a semilog scale (y-axis) against time (x-axis). 
In both female and male subjects, the disappearance of 
radioactivity could be expressed as a function which is 
the sum of two exponentials. Two such plots are shown 
in Figs. 1 and 2. The data obtained from the analysis of 
each individual disappearance curve are shown in Table 
2. The slopes and intercepts from these five studies were 
combined, and the mean slopes and intercepts are shown 
in Fig. 3. The mean MCR was found to be 315 f 73 
(+SEM) liters/day; when corrected for surface area, the 
mean was 176 + 44 (~SEM) l iters/day.m’. 

The mean value for the initial volume of distribution 
(Vi) was 12.4 f 1.6 liters, and the disappearance of 
equilin sulfate from this inner volume had a mean half- 
life of 5 f 1.2 min. The mean half-life of the slower 
component of equilin sulfate was 190 ? 23 min (Table 
2). 

The mean rate constant (k) (21) of total removal 
(reversible and irreversible) of equilin sulfate from Vi 
was 163 +- 19 U/day. The fraction of equilin sulfate 
removed irreversibly (MCR/kV,) was calculated to he 
0.158 f 0.02 (Table 2). 

MCR of equilin 

The MCR of equilm was measured in one postmeno- 
pausal woman and one normal man by injecting [“HI 
equilin. The disappearance curve of radioactive equilin 
could be fitted by a single straight line, consistent with 
a one-compartment model described by a single y-inter- 
cept (A’) and a single slope (n), as shown in Figs. 4 and 
5. The MCR of equilin in the postmenopausal woman 
and man was calculated to be 5280 and 3944 liters/day 
or 3300 and 1982 liters/day. m*, respectively. The Vl 
values were 100 and 62.5 liters (Table 3), and the disap- 
pearance of equilin from this inner volume had half-lives 
of 27 and 19 min in the postmenopausal woman and 
man, respectively (Table 3). 

Formation and kinetics of equilenin, 17/3-dihydroequilin, 
and 17&dihydroequilenin sulfates after a bolus injection 
of [3H]equilin sulfate 

The appearance of radioactivity in plasma specifically 
as equilenin, 17&dihydroequilin, and 17/?-dihydroequi- 
lenin sulfates after the administration of [“Hlequilin 
sulfate was measured in four postmenopausal women, 
and the results were expressed as percent dose per liter 
and are summarized in Tables 4-6. These three metab- 
olites were isolated only from the sulfate fraction. Equi- 
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FIG. 3. Mean disappearance of radmactlwty from plasma as [‘HI 
equlhn sulfate plotted as a percentage of the admmistered dose us t ime 
of blood samplmg in subjects l-5. The slopes and Intercepts from the 
five studies were combined, and the mean slopes and Intercepts are 
shown. 

lenin sulfate was formed very rapidly, with the maximum 
concentration being present in the first blood sample 
taken 3 min after the administration of equilin sulfate 
(Table 4 and Fig. 6). The disappearance of equilenin 
sulfate was characterized by two components similar to 
those observed for equilin sulfate (Fig. 1 and 2), with the 
half-life of the first component being approximately 3 
min. In contrast, the formation of 17&dihydroequilin 
and 17,9dihydroequilenin sulfates increased with time 
(Tables 5 and 6) and reached maximum concentrations 
by 20 min. The levels of the three metabolites gradually 
decreased with time, and 8 h after the injection of equilin 
sulfate, they were barely detectable. In Fig. 6, the mean 
levels of the above three metabolites isolated from the 
plasma of the four subjects are plotted as the percent 
dose formed per liter against time. 

The 17a-reduced metabolites, such as 17cr-dihydro- 
equilin and 17a-dihydroequilenin, were searched for by 
careful analysis of the areas on paper chromatograms 
corresponding in mobility to the above two steroids. 
These were devoid of any radioactivity, indicating that 
the [3H]equilin sulfate was metabolized to only labeled 
equilenin sulfate, 17/3-dihydroequilin sulfate, and 178. 
dihydroequilenin sulfate. 

Fornatton and kmetics of eyuilin sulfate and 17/Sdihy- 
droequilin sulfate and 17/3-dihydroequilin after a bolti 
injection of pH]equilin 

The appearance of radioactivity specifically as equilin 
sulfate, 17/3-dihydroequilin sulfate, and 17P-dihydro- 
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FIG 4. Dsappearance of radmactiwty from plasma as [3H]equllm 
plotted as a percentage of the administered dose us t ime of blood 
sa~nplmg in male subject 5 

equilin during the first 90 min in plasma after the admin- 
istration of [3H]equilin to a postmenopausal woman 
(subject 1, Table 3) is summarized in Table 7. The rate 
of formation of both sulfate-conjugated estrogens in- 
creased with time, reached maximum levels 40 min after 
the bolus injection of equilin, and then very gradually 
began to decline. The formation of 17,Sdihydroequilin 
reached maximum levels by 20 min and then declined 
fairly rapidly, as shown in Table 7. In the subject dis- 
cussed above, the [3H]equilin injected disappeared from 
plasma very rapidly (Fig. 5) and was not detectable 60 
mmutes after its administration. In contrast, at 30 min 
the concentration of equilin sulfate (Table 7) exceeded 
the highest levels of equilin found in the first sample 

, taken at 3 min (Fig. 5). These results indicate that equilin 
IS very rapidly metabolized to equilin sulfate, which 
appears to be the main circulating metabolite of equilin. 

Discussion 

Equilin sulfate is one of the main components of 
conjugated equine estrogen preparations (such as Pre- 
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FIG. 5 Dlsappearance of radloactwlty from plasma as [‘H]equilln 
plotted as a percentage of the admlnlstered dose us. tune of blood 
hamp;~ng I” female nub~ect (i 

marin) which have been used for over 3 decades, but, very 
little is known about the metabolic fate of this and other 
ring I3 unsaturated estrogens in the human. In this 
investigation, the in uiuo metabolism of equilin sulfate 
and equilin was investigated in postmenopausal women 
and a normal man. 

The MCR of [3H]equilin sulfate or [“Hlequilin was 
calculated by analysis of plasma samples taken after 
rapid injection of [3H]equilin sulfate or [“Hlequilin. The 
data points relating to the disappearance of equilin sul- 
fate and equilin from plasma suggested that a two-com- 
partment model can be used for the analysis of the MCR 
of equilin sulfate and a single compartment model can 
be used for equilin (19-21). 

The mean MCR of equilin sulfate was calculated to be 
176 f 44 liters/day. m:’ for women and men. This value 
is only 6-8% of that calculated for the unconjugated 
equilin (3300 and 1982 liters/day. m’). A similar relation- 
ship between the MCR of the sulfate and that of the 
unconjugated steroid has been noted for estrone (8), 
dehydroisoandrosterone, and testosterone (25, 26). 

Using a two-compartment model, Longcope (8) re- 
ported the MCR of estrone sulfate in males to be 105 + 
20 liters/day. m2 (range, 60-205) by the single injection 
technique and 80 + 10 liters/day. m2 (range, 45-115) by 
the constant infusion technique. Ruder et al. (9), using a 
single compartment model, calculated the MCR of es- 
trone sulfate to be 87 ? 36 liters/day.m* (range, 46-163) 
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TARLE :j Data calculated from the analysts of the plasma concentration curves 

Dose of 
-- 

Sex and age [“Hlequilm A’ fraction of VI b/2 MCK MCX 
Iyr) (dum x 10”) dose (hters) (ml”) (liters/day) (liters/day m~ 

~_____ ~-.-~~ -__- __~-__- ~-- ~_-- __~__ --- 
5 M. 58 126 0.016 63.1 62.5 19 3944 19x2 
6 F, 49 74 0.010 52.8 100 27 5280 3300 -. -- -. --. --~ .._. -. ______ -.__.__ ______~. ___.. ~. _~ _ 

TAHLE 4. Kmetxs of equdemn sulfate formation after a bolus injection of [3H]cqu~lm sulfate 

Dose Plasma (3H]equilenm sulfate (% dose/liter) 
SuhJect Sex and [3H]equihn --.- 

no. age (yr) sulfate 3 min (dpm X 1P”) 6 min 10 min 20 min 40 tn," 90 nin 180 min 360 min 480 min 
-~ ____.~ -- 

4 -i,38 96 2.8 1.6 1.0 0.54 0.50 0.47 0.3 0.27 0.2 
5 F. 60 120 1.3 06 0.5 0.44 0.40 0.38 0.24 0.11 0.07 
fi F, 57 90 1.1 0.7 0.6 0.8 1.0 0.6 0.4 0.3 0.3 
7 F. 51 114 1.73 1 60 0.8 0.70 0.6 0.4 0.3 0.2 0.1 

Mean r sEh4 17kO.38 l.lkO.28 0.7CO.11 0.6kO.08 0.6-0.1 0.5kO.05 0.3+004 0.2t0.04 0.16 f 0.05 __.~~ .--__-.-~-__--.~-. -~. ~.- -~__ 

TABLE 5 Kmetvzs of [3H]17fl-dihydroequilin sulfate formation after a bolus injection of [3H]equtlin sulfate 

Dose of Plasma [“HJl7@-dihydroequilin sulfate 
Sul,- Sex WI (% dose/liter) 

and rsu-t equhn -- ,\‘< 
“0 age sulfate 

(yr) (dpm x 3 mm 6 min 10 min 20 m m  40 m m  90 m m  180 m m  360 min 480 min 
106) - ~~ _-..---__ ___ 

4 F, 38 96 0.09 0.3 0.4 0.5 04 0.3 0.2 0.2 0.2 
s F, 60 120 0.1 0.2 0.3 03 0.2 0.2 0.1 0.05 0.05 
6 F. 57 90 0.2 0.4 0.6 0.4 0.4 
7 F, 51 114 0.2 0.2 0.4 0.5 0.4 0.3 0.2 0.01 0 05 

0.4 

0.2 

0.1 

0.08 

0.06 

;r 

30 

2.0 

10 

0.8 

i 

0.6 

0.4 

02 

Mean f S E M  0.15 + 0.03 0.28 f 0.05 0.42 + 0.06 0.42 2 0.05 0.35 2 0.05 0.26 ~tr 0.03 0.16 :t 0.03 0 12 -c 0.04 0.1 -e 0.05 -___ .-___ 

TAHLE 6 Kmetlcs of [3H]178-chhydroequilenin sulfate formation after a bolus inJection of [3H]equlhn sulfate FIG 6. Formatlor 

Dose [“H] dlhydroequdemn s 
%hJWt Sex and age 

Plasma [SH)178-dlhydroequllenin sulfate (% dose/hter) 
equ1hn WI- -.-~- .-- to postmenopausa’ 

dihydrorqulm; 17 “0 (yr) rate (dpm x 1C’) 3 ml” G ml” 10 m,n 20 InI” 40 rn!” 90 In,” I80 m,n 3GO ml,” 480 nil” 
___- ---~ 

4 F 18 9G 0 17 0.14 019 0 23 0.20 O.!G 0 14 0 14 0 12 
; F. m  120 0 1s 0.08 011 0 16 0 14 0 13 ‘1 oi 0.05 0.05 
h F. 57 90 0.13 0 18 0 21 0 22 0.24 
7 F, 51 114 0.12 0 19 0.19 

Mean -c S E M  0 14 +o 01 0.15 ‘- 0 02 0.18 f n-07. 

for males and 94.1 + 22 liters/day.m* (range, 39-141) 
for females. The androgen sulfates, such as dehydro- 
isoandrosterone and testosterone, have a much lower 
(7.7. 21.5 liters/day) MCR (25, 26). Our results with 
equilin sulfate indicate that this compound is cleared 
from the human body faster than any of the above steroid 
sulfates and that there is no sex difference. 

The very low MCR of the androgen sulfates may be 
due to plasma protein binding of the sulfated steroid (8, 
26). It has also been reported that estrone sulfate and 
estradiol sulfate bind to human serum albumin quite 
strongly (27, 28). Whether the low MCR of equilin sul- 
fate, in contrast to that of an unconjugated equilin, is 

0 19 0.20 0.14 IO.1 1 0 09 0.05 

020f0.01 0.19-f.002 o.14*oo.01 0.10fO02 0.09*0.02 007*0.02 -__. 

due to its binding with human serum albumin (and 
perhaps other blood proteins) or to the ionic nature of 
the steroid sulfates remains to be established. 

The low MCR can also result if only a small fraction 
of equilin sulfate is being metabolized. While our results 
indicate that equilin sulfate is metabolized to sulfate 
esters of equilenin, 17,!?-dihydroequilin, and 17@lihy- 
droequilenin, this metabolism was determined after a 
single injection of [3H]equilin sulfate, and it appears that 
only a small fraction was metabolized (15.8%). More 
quantitative experiments under steady state conditions, 
such as constant infusions (19, 20), will be necessary to 
resolve this question. 

TARLE 7. Plasma 
mp-tm of [“H]et 

Metabohte 
lSOldJ2d 
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liters/day~m* for males (29, 31). In contrast, the MCRs _ 

17P-Eq 

of equilin determined in one male and one female were 
found to be 1982 and 3300 liters/day.m’, respectively, 
values that are approximately 2-5 times higher than 
those found for estrone and estradiol. These results 
indicate that equilin is being cleared much more rapidly 
than either estrone or estradiol. It appears from our 
preliminary results that equilin is rapidly metabolized to 
equilin sulfate, l’l#&dihydroequilin sulfate, and 17jSdi- 
hydroequilin, with equilin sulfate being the major metab- 
olite in the circulation. 

The amount of radioactive material present in the 
unconjugated fraction of plasma after the administration 
of equilin sulfate was not sufficient for further analysis; 
however, we have reported (18) that after the adminis- 
tration of Premarin to postmenopausal women, some of 
the equilin sulfate present in Premarin appears quickly 
in the serum as unconjugated equilin. These and the 
present results indicate that equilin sulfate is the main 
circulating form from which small amounts of unconju- 
gated equilin are being released. A similar relationship 
between estrone and estrone sulfate has been described 
(9). 

The half-life of equilin was found to be between 19-27 
min, and in contrast, the main slower (second) compo- 
nent of equilin sulfate has a half-life of 190 min (3.2 h). 
This half-life is approximately 2-3 times lower than that 
reported for estrone sulfate [5.3-g h (9)]. 

The V, for equilin sulfate is much larger than the 
plasma volume. This suggests that equilin sulfate may 
not be strongly bound to any plasma protein. The dis- 
appearance of equilin sulfate from the inner volume has 
a mean half-life of 5.2 -+ 1.2 min, which is similar to that 
reported for estrone sulfate [V, = 7.2 liters; tlr2, 3 min 
(S)]. The mean value for k (21), the rate constant of total 
removal (reversible plus irreversible) of equilin sulfate 
from the circulation, ranged from 90.1-208 U/day. The 
ratio of irreversible over total removal (MCR/kV,) had 
a mean value of 0.158 S 0.02, indicating that 15.8% of 
the equilin sulfate leaving the circulation is lost irrever- 
sibly, and is compatible with the observed low MCR for 
equilin sulfate. This is a relatively small fraction metab- 
olized compared to this fraction for other steroids (32- 
34), but is similar to that reported for estrone sulfate 
[ll.l% (8)]. 

In the present investigations, the formation of equi- 
lenin sulfate, 17&dihydroequilenin sulfate, and I7P-di- 
hydroequilin sulfate from [“Hlequilin sulfate has been 
demonstrated. Similarly, the formation of equilin sulfate, 
17Pdihydroequilin sulfate, and l7g-dihydroequilin from 
[“Hlequilin was demonstrated. No 17a-reduced metabo- 
lites of equilin or equilin sulfate were isolated. These 
findings are similar to the conversion of estrone to 17& 
estradiol. Recently, we reported that after the adminis- 

MCR 1 
) (Irters/day.r$ 
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7 0.2 

tin 480 mu, 
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FIG. 6 Formatton kinetics of equdenin, l’ifl-dihydroequilin, and 178- 
dihydroequilenin sulfates after the admmistration of [aH]equilin sulfate 
to postmenopausal women (subjects l-4). Eqn, Equilenin; 17j3-Eq, 17@- 
dihydroequrlin; 1’7@-Eqn, 17&dihydroequAmm. 

TABLE 7. Plasma levels of “H-labeled metabobtes formed after a bolus 
injection of [3H]equihn to a postmenopausal woman 

Plasma levels 

Metabohte (% dose/bter) 

isolated 6 8 10 20 30 40 60 90 
min m m  Ill‘” m m  m m  min min min - .___--.__ ~--~ ___~- 

Eqmhn sulfate 0.30 0.40 0.60 0.70 1.40 1.60 1.40 1.20 
17&Dihydro- 0.05 0.05 0.08 0.10 0.18 0.23 0.20 0.17 

equilin sul- 
fate 

17B-Dihydro- 0.20 0.20 0.23 0.26 0.21 0.13 0.12 0.07 
equilm 

The MCR of estrone has been reported to be around 
965 liters/day.m’ (30) and 1310 liters/day.m’ (29). NO 
significant difference was noted between males and fe- 
males. Similarly, the MCR of estradiol was found to be 
600-790 liters/day.m’ for females (29, 31) and 830-990 

0.04 0 1 2 0.05 - 

albumin (and 
nit nature of 
ed. 
:mall fraction 
!le our results 
ed to sulfate 
nd 17@-dihy- 
lined after a 
appears that 

5.8%). More 
.e conditions, 
necessary to 



1056: 

tration of equilin to normal men, 

BHAVNANI ET AL. JCEG hi.,% 
Val ,s6 . ,Q; 

17@-dihydroequilin, 
178.dihydroequilenm, and equilenin were isolated from 
the urine (35). The bulk of these metabolites present in 
urine were conjugated to glucuronic acid. In contrast, in 
the present study, no glucuronide conjugates were de- 
tectable in the plasma, where the main circulating form 
of equilin and its metabolites are in the form of sulfate 
conjugates. Thus, before excretion, these circulating sul- 
fate conjugates are hydrolyzed and then reconjugated 
with glucuronic acid. The formation of the 17P-dihydro- 
equilm and its sulfate IS of major importance, as it has 
been shown that this estrogen is 8 times more potent as 
a uterotropic agent than the parent compound equilin 
sulfate (36). Further studies are required to determine 
more precisely the amount of 17@-dihydroequil in formed 
and its metabolic fate in the human. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Offii of Inspector General 

Memorandum 
Oate tdAY 16 1997 

SubjectReview of the Drug Administration’s Handling of Issues Related to Conjugated 
Estrogens (A-l 5-96-50002) 

TO Michael A. Friedman, M.D. 
Lead Deputy Commissioner 
Food and Drug Administration 

The attached report provides the results of our review of the Food and Drug 
Administration’s (FDA) handling of issues related to conjugated estrogens (Premarin), a 
commonly prescribed product for menopausal symptoms and the prevention and 
management of osteoporosis. This review was performed at the request of the Chairman, 
Subcommittee on Oversight and Investigations, House Committee on Commerce. 

We were specifically asked to respond to questions regarding: whether unapproved 
formulations of Premarin are being marketed by its manufacturer, Wyeth-Ayerst; whether 
data exists showing that the currently marketed version of Premarin is safe and effective 
compared to an earlier version tested in the 1970’s; the basis upon which FDA approved a 
new Premarin-based product called Prempro; and FDA’s processing of a Wyeth-Ayerst 
citizen petition requesting the agency to recognize a third active ingredient in Premarin and 
not approve any generic versions lacking the third ingredient. 

If you have any questions or comments regarding the issues discussed in this report, please 
call me or have your staff contact Joseph J. Green, Assistant Inspector General for Public 
Health Service Audits, at (301) 443-3582. 

Attachment 
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EXECUTIVE SUMMARY 

BACKGROUND 

The Food and Drug Administration (FDA) is the Federal agency responsible for approving 
applications to market new drugs, new indications for already marketed drugs, a_nd generic 
versions of brand name drugs. Conjugated estrogens products represent a class of marketed 
drugs used primarily for the treatment of menopausal symptoms in women and for the 
prevention and management of osteoporosis, a crippling disease that causes &inning of the 
bone. Wyeth-Ayerst is a drug manufacturer that markets: (1) Premarin, approved in 1942, 
which is made from the urine of pregnant mares and is the Nation’s only conjugated 
estrogens product; and (2) Prempro, approved in 1994, which combii Premarin and 
another hormone called progestin. At this time, there are no approved applications to market 
genetic versions of these brand name drugs. 

Once a drug is approved, drug manufacturers are required to obtain FDA’s approval before 
adding or deleting an ingredient, or otherwise changing the composition of a drug product, 
other than deletion of an ingredient intended only to afhxt the color of the drug product. 
Current regulations require that when there is a change in th manufactming process, 
including a change in product formulation or dosage strength, beyond the variations provided 
for in the approved application, drug manufacturers are requhed to show that any 
reformulations are bioequivalent’ to the approved product. 

The FDA uses a process called the citizen petition to allow anyone--individuals or 
- companies--to request the agency to make changes to its regulations. In November 1994, - 

Wyeth-Ayerst submitted a citizen petition requesting FDA to: (1) recognize an ingredient of 
Premarin-delta 8,9 (dehydroestrone sulfate (DHES))--as an essential (but not an activg) 
ingredient in Premariq and (2) not approve any generic version of Premarin that does not 
contain DHES. The firm amended its petition in December 19% to request FDA to 
recognize DHES as an active ingredient. To date, FDA has not made a decision as to 
whether to approve Wyeth-Aye&s citizen petition request. However, on May 5, 1997, 
FDA’s Director, Center for Drug Evaluation and Research (CDEIZ), announced that, because 
the active ingredients of Premarin have not been adequately defti, the agency could not at 
this time aipprove generic applications for synthetic versions of conjugated estrogens. The 
FDA had been reviewing two such applications since 1994 and 1995, respectively. 

The House Committee on Commerce, Subcommittee on Oversight and Investigations, has 
raised concerns that Wyeth-Ayerst may have made misrepresentations in its submissions to 

1 

’ To show bioequivalcnce between reformulated drugs, there must not be a significant diicrence in the rate 
and extent to which the active ingredient of each product becomes available at the site of drug action. 

* Aa active ingredient is any component that is intended to furnish phamacologic activity or other direct 
effect in the diagnosis, am, mitigation, treatment, or prevention of disease. 
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FDA regarding Premarin, and that FDA may have failed to adequately review such 
submissions. The Subcommittee requested the Office of Inspector General (OIG) in 
July 1996 to answer specific questions regarding: Premarh, another Wyeth-Ayerst product 
called Prempro, the citizen petition related to Premarin, and generic versions of Premarin. 

OBJlxmvE -_ 

Our objective was to answer the Subcommittee’s questions in the following three areas: 

1. Prernarixx The questions focused on possible unapproved reformulations; whether the 
reformulations were bioequivalent; and the basis on which FDA allowed the continued 
marketing of premarin. 

2. Premnro: The question focused on the basis on which Wyeth-Ayerst won approval 
for Prempro’s use in the prevention and management of osteoporosis. 

3. . Wveth-Aver&s citizen n&ion regard& Premr and generr ‘c versions of Premarm * . 
* The questions focused on PDA’s examination of data and claims made in Wyeth- 

Ayerst’s citizen petition and the agency’s handling of brand name and generic 
versions of Premarin. 

SUMMARY OF F’INDINGS 

j%emarh According to FDA, there have been no unapproved formulations of Premarin. 
Regardiug the issue of bioequivalency among the formulations, however, we found t&t FDA 
does not have evidence demonstrating that the anrently marketed formulation of Pmmarin is 
bioequivalent to the version tested for osteoporosis in the late 1970’s. This is because no in 
vivo (i.e., in the living body) bioequivalence requirement was in effect for conjugated 
estrogens at that time. Concerned about lack of bioequivalency data and the umtinued safety 
and effectiveness of Premarin, FDA in 1993 directed Wyeth-Ayerst to conduct a new dose- 
ranging study of the drug. As of January 1997, 818 women, or about 30 percent of the total 
planned enrollment of 2,688, have entered into the multi-year study. 

Premnro: The Premarin tablet formulation used in the combination drug Prempro 
(PremarinImedroxyprogesterone acetate) slightly differed from the marketed Premarin, but 
Wyeth-Ayerst submitted in vivo bioequivalence data to demonstrate that the new and 
currently marketed formulations were bioequivalent. 

C itizen Petition and Generic Versions of Premarin The FDA is in the process of reviewing 
the claims and data associated with Wyeth-Ayers0 citizen petition, which was submitted to 
the agency over 2 years ago. The FDA has thus far found deficiencies in the design of 
studies submitted to support Wyeth-Ayerst’s claims, but no misrepresentations in data in the 
firm’s studies have been identified. Regarding the Subcommittee’s concern that FDA may 
have held generic drug firms to a higher stamhrd than the brand-name maker of Premah, 

ii 



Wyeth-Ayerst, we noted that the agency was also concerned about possible differing 
standards in terms of bioequivalency requirements for the generic and brand name versions. 
However, upon further investigation, FDA determined there were no unapproved 
reformulations of the brand name Premarin that would have required Wyeth-Ayersk to submit 
additional bioequivalency data. 

-- 
Beyond the Subcommittee’s specific questions, we identified other concerns regakiing the 
citizen petition process--namely that the process has been extended for an excessive period of 
time in the Wyeth-Ayerst case; and FDA does not have policies and procedures governing 
such an important process, one which can impact the marketability of generic versions of 
Premarin. 

. . . 
ill 
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INTRODUCTION 

BACKGROUND 

FDA ROWD ORGANIZATION 

The FDA is the Federal agency responsible for approving applications to market new drugs, 
new indications for aheady marketed drugs’, and generic versions of brand name drugs. 
Since 1962, sponsors have been required to demonstrate to FDA that their drug is both safe 
and effective. Prior to 1962, there was only the requirement to show the drug was safe. 

Once a drug is approved, drug manufacturers are mpired to obtain FDA’s approval before 
adding or deleting an ingmdient, or otherwise changing the composition of a drug product, 
other than deletion of an ingredient intended only to affect the color of the drug product. 
Current -ations require that when there is a change in the manufacturing process, 
including a change in product formulation or dosage strength, beyond the variations provided 
for in the approved application, drug manufacturers are required to show that any 
reformulations are bioequivalent to the approved product. 

Various orgauizations within FDA are responsible for handhng issues regarding brand name 
and generic drugs: 

+ -- The FDA’s CDER is the organization that handles drug issues. One of CDER’s chief 
responsibilities is reviewing new drug applications (NDAs) that sponsors submit to 
seek approval for marketing new dntg prodacts. Within CDER, 5 offices of drug 
evahation oversee 15 divisions that review NDAs for new brand name prescription 
drugs. For conjugated estrogens, the Division of Metabolism and Endocrine Drug 
Products was responsible for handhng Premarin until 1996 when responsibility was 
transferred to the newly formed Division of Repmductive and Urologic Drug 
PNKlUCtS. 

+ The CDER’s Office of Generic Drugs (OGD) is responsible for processing 
applications f&m sponsors seeking to market generic versions of brand name drugs. 

+ The ,CDFX’s Office of Compliance, Division of Scieutific Investigations, is 
responsible for directing and coordinating on-site inspections of sponsors and 
investigations of precliical and clinical drug product studies. 

+ The FDA’s Office of Regulatory Affairs (ORA) directs the agency’s field staff which, 
among other duties, performs inspections of regulated firms. The ORA conducts 
routine inspections according to a predetermined schedule; and for-cause inspections, 
which are requested for specific reasons. The OR4 also oversees the implementation 
of the policy entitled, “Fraud, Untrue Statements of Material Facts, Bribery, and 
Illegal Gratuities, * (also known as FDA’s Fraud Policy), published in the Federal 
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Register in 1991 to address instances when misrepresentations are sqxcted in 
submissions to the agency. 

To augment FDA’s decisionmaking p recesses, the agency routinely uses advisory committees 
to provide scientific input to its product approval processes. To address various issues 
regarding conjugated estrogens, FDA has over the years convened the Obstetricg and 
Gynecology Advisory Committee, the Fertility and Maternal Health Drugs Advisory 
Committee, the Endocrinologic and Metabolic Drugs Advisory Committee, and the Generic 
Drugs Advisory Committee. 

CONJUGATED ESTROGENS 

Conjugated estrogens products represent a class of marketed drugs used primarily for the 
treatment of female menopausal symptoms, such as hot fhxshes, and for the prevention and 
management of osteoporosis, a crippling disease that causes &inning of the bone. Estrogens 
are important in the development and maintenance of the female reproductive system and 
secondary sex characteristics. They also contribute to the shaping of the skeleton. 

Premariu, manufactured by Wyeth-Ayerst from the urine of pregnant mares, is the only 
brand of conjngated estrogens sold in the United States, with over 8 million women taking it 
daily. The FDA first approved Premarin in 1942 as safe for its intended use in the treatment 
of various menopausal symptoms; and in 1986, it deemed Premarin and the entire class of - 
short-acting estrogen? as effective for the prevention and management of osteoporosis. 

In 1994, FDA approved Wyeth-Ayerst’s new drug application to market Prempro, a drug 
combining Premarin and another hormone-progestin. Studies have shown that the 
introduction of progestin lowers the incidence of endometrial cancer for the woman whose 
uterus is intact. Premarm continues to be prescribed for the woman who has had her uterus 
removed. 

DRUG EFFICACY STUDY IMPLEMENTATION 
REVIEW PROCESS FOR DETERM[NMG 
EFFEcTnrENEsS OF PREMARIN FOR OSTEOPOROSIS 

With the enactment of the 1962 Harris-Kefauver Amendments to the Federal Food, Drug, 
and Cosmetic Act, sponsors were required to demonstrate both safety and efficacy in order to 
market new drugs. For drugs approved between 1938 and 1962, when only the 
demonstration of safety was required, FDA contracted for mtmspective Drug Efficacy 
Studies with the National Academy of Sciences/National Research Council. This action led 
to Drug Efficacy Study Implementation (DESI) panels to assess the efficacy of pre-1962 
drugs in the-marketplace. In 1972, based on a DES1 review, FDA concluded that Premarin 

3 A short-acting estrogen is a drug or drug product which n&asea the cstrogexi relatively promptly after 
administration and which requires fixquent dosing, ranging from daily to weekly. 
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was effective for certain indications related to menopause, and was “‘probably effective” for 
selected cases of osteoporosis. For the latter case, PDA requkd sponsors to submit 
substautial evidence of effectiveness or remove the indication fkom the product labeling 
within a certain period of time. Wyeth-Ayerst provided data to FDA in order to upgrade the 
osteoporosis indication; however, in 1976, the agency determined that the firm’s data did not 
provide substantial evidence of effectiveness. - 

Based on published clinical study data of an estrogen product called mestranol, presented at 
the 1977 meeting of FDA’s Endocrinologic and Metabolic Drugs Advisory Committee and 
the 1978 meeting of FDA’s Obstetrics and Gynecology Advisory Committee, members of 
both committees concluded that substantial. evidence was available demonstrating that 
estrogens, including Premarin, effectively prevented post-menopausal bone loss. Both 
committees also recommended a dose equivalent to 0.625 mg. Premarin for osteoporosis 
managemenk as the lowest dose to assure efficacy while mmim&ng the risk of endometrial 
cancer. Thi FDA accepted the new osteoporosis indication for the class of non-contraceptive 
short-acting estrogen drugs, which included Premarin, and required that the lowest effective 
dose of each estrogen product in the management of osteoporosis be rigorously delineated as 
the basis for approval of each product. 

In April 1986, based on two dose-ranging clinical studies, FDA upgraded the effkctiveness 
status of Premarin and other drugs in its class to “effective” for use in the prevention and 
management of osteoporosis in post-menopausal women. One of the studies, conducM by 
Robert Lindsay in the Iate 1970’s and published in 1984 (hereafter referred to as the Lindsay 
study), has been considered the pivotal study demonstrating the lowest effective dose of 
Premarin for the prevention and management of osteoporosis. 

GENERIC DRUGS 

The Drug Price Competition and Patent Term Restoration Act of 1984 (P.L. 98-417, dated 
September 24, 1984), also referred to as the Waxman-Hatch Act, amended the Federal Food, 
Drug, and Cosmetic Act, 21 U&C. 355(j)(2)A to require that generic drugs be shown to be 
bioequivalent to the appropriate brand name drug that has already been approved by FDA as 
safe and effective. By law, an applicant must demonstrate to FDA that the proposed generic 
drug is bioequivalent to the brand name drug, meaning that there is an absence of a 
significant difference in the rate and extent to which the active ingredient becomes available 
at the site of drug action. The applicant must also demonstrate to FDA that the proposed 
generic drug is a p hamaceutical equivaleot of the brand name drug in terms of identity, 
strength, qua&y, and purity. 

From the mid-1970’s to 1991, numerous generic versions of conjugated estrogens tablets 
were marketed in the United States. In February 1990, however, FDA proposed 
withdrawing approval of generic Premarin tablets applications due to a documented lack of 
bioequivalencz (faster rate of absorption compared to brand name Premarin) and consequent 
concerns about safety and efftcacy. Between March and May 1991, FDA withdrew approval 
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for all generic applications for conjugated estrogens tablets, and these generic products were 
withdrawn from the market. In 1994 and 1995, respectively, two sponsors submitted to 
FDA applictiions to market generic versions of conjugated estrogens based on synthetic 
ingredients. However, on May 5, 1997, the Director of CDER annouuced that, because the 
active ingredients of Premarin have not been adequately defmed, the agency could not at this 
time approve generic applications for synthetic versions of conjugated estrogens- 

’ CITIZEN PETITION PROCESS 

Through the citizen petition process, FDA allows auyoue-individuals or companies--to 
request the agency to make changes to its regulations. The citizen petition regulations cited 
at 21 C.F.R.. Section 10.30, require FDA to furnish a response to each petitioner within 180 
days of receipt of the petition. The response will either: (1) approve the petition; (2) deny 
the petition; or (3) provide a tentative response. 

Wyeth-Ayerst is using the citizen petition process to request FDA to recognize an ingredient 
of Premariu as essential. Although FDA has always recognized two active ingredients in 
Premarin-sodium estrone sulfate and sodium equilin sulfate-Wyeth-Ayerst submitted a 
citizen petition to FDA in November 1994, requesting the agency to: (1) designate a 
component of eDHE%-as an essential (but not an active) ingredient in Premar& 
and (2) not approve any generic product which does not contain DHES. The firm amended 

- its petition iu December 1996 to request FDA to recognize DHES as an active ingredient. 
To date, FD,4 has not made a decision as to whether to approve Wyeth-Ayerst’s petition 
request. 

CONGRESSI[ONAL CONCERNS 

The House Committee on Commerce, Subcommittee on Oversight and Investigations, has 
raised coucerns that Wyeth-Ayerst may have made misrepresentations in its submissions to 
FDA regarding Pmmariq and that FDA may have failed to adequately review such 
submissions. The Subcommittee requested OIG in July 1996 to answer specific questions 
regarding Premarin, another Wyeth-Ayerst product called Prempro, the citizen petition 
related to Pretuarin, and generic versions of Premarin. 

OEUECTWE, SCOPE, AND METHODOLOGY 

The objective of our review was to answer specific questions about FDA’s regulation of 
Wyeth-Ayerst’s conjugated estrogens product, Premarm, posed by the Chairman, House 
Subcommittee on Oversight aud Investigations, Committee on Commerce, in a July 11, 1996 
letter to the Inspector General. 

To answer these questions, we reviewed applicable laws, regulations, policies, and 
procedures pertaiuhq to new drug applications, supplements, and amendments. We also 
reviewed FDA’s regulation on citizen petitions aud FDA’s policy on “Fraud, Untrue 
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