Combination of Automatic HPLC-RIA Method for Determination

Toshiyuki Yasui, ™* Masayo Yamada, * Hiromi Kinoshita, * Hirokazu Uemura,
Naoto Yoneda, * Minoru Irahara, * Toshihiro Aono, ' Satoshi Sunahara, * Yasuyori Mito,

Journal of Clinical Laboratory Analysis 13:266—272 (1999)

of Estrone and Estradiol in Serum

Fumihiko Kurimoto,

2 and Keishi Hata ?

1

2

'Department of Obstetrics and Gynecology, School of Medicine, University of Tokushima, Tokushima, Japan

’Department of Pharmaceutical Research, Mitsubishi Kagaku Bio-Clinical Laboratories, Inc., Tokyo, Japan

INTRODUCTION

We developed a highly sensitive assay for
estrone and 17 B-estradiol in serum. Estrone
and 17 B-estradiol, obtained by solid-phase
extraction using a Sep pak tC18 cartridge,
were purified by high-performance liquid
chromatography (HPLC). Quantitation of
estrone and 17 B-estradiol were carried out
by radioimmunoassay. Not insignificantly, this
automatic system of extraction and HPLC
succeeded in analyzing 80 samples a week.
Intra-assay coefficients of variation (CV) for
estrone and 17 3-estradiol ranged from 19.5
to 28.7%, and from 8.5 to 13.7%, respec-
tively. The minimum detectable dose for es-
trone and 17f3-estradiol were 1.04 pg/ml and
0.64 pg/ml, respectively. The serum levels
of 17 B-estradiol using our method strongly
correlated with those by Gas chromatogra-
phy mass spectrometry (GC-MS). The se-
rum levels of estrone and 17 B-estradiol in
154 peri- and postmenopausal women were
estimated to be between 15 and 27 pg/ml

and between 3.5 and 24.0 pg/ml, respec-
tively, while the serum level of 17 -estradiol
in postmenopausal women, in particular, was
estimated to be from 3.5 to 6.3 pg/ml. For
postmenopausal women who suffered from
vasomotor symptoms, the mean levels of es-
trone and 17 B-estradiol at 12 to 18 hours
after treatment with daily 0.625 mg conju-
gated equine estrogen (CEE) and 2.5 mg
medroxyprogesterone acetate (MPA) were
135.0 and 21.3 pg/ml at 12 months, respec-
tively. On the other hand, levels of estrone
and 17 B-estradiol at 12 to 18 hours after
treatment with CEE and MPA every other
day, were 73.4 and 15.3 pg/ml, respectively.
These highly sensitive assays for estrone
and 17 B-estradiol are useful in measuring
low levels of estrogen in postmenopausal
women, and monitoring estrogen levels in
women receiving CEE as hormone replace-
ment therapy. J. Clin. Lab.Anal. 13:266-272,
1999.  ©1999 Wiley-Liss, Inc.
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Direct radioimmunoassay (RIA) of serum I¥estra-

diol has generally been used for differential diagnosis o
amenorrhea and for monitoring ovarian function in infer-
tile patients (1,2). Determination of estradiol by direct RIX
methods has proven to be convenient, but detection g)a
such assays is limited to approximately 10 pg/ml, an

fort due to atrophy (6), and the prevention of osteoporo-
sis (7) and cardiovascular diseases (8) is now well estab-
Ii'?hed. It has also been reported that each tissue has a
ifferent sensitivity to estradiol (9,10). Therefore, it is nec-
ssary to monitor the serum level of estradiol in postmeno-
usal women receiving hormone therapy. Here, we
scribe the use of a highly sensitive HPLC-RIA system
in the measurement of low levels of estrone and317

cross-reactions with other steroid hormones cannot be

by RIA is affected by sex hormone binding globulin
(SHBG) and unknown substances (3-5). Therefore, direct
RIA methods are insufficient to evaluate low levels of 17

going hormone replacement therapy.

eliminated. Furthermore, it has been reported that estirﬁ}gi[radIOI In postmenopausal women and patients under-

tion of serum levels of 1B-estradiol without extraction

B-estradiol below 10 pg/ml. Recently, estrogen has play&hrrespondence to: Toshiyuki Yasui, Department of Obstetrics and Gyne-
an important role in the preventative health care of posttogy, School of Medicine, University of Tokushima, 3-18-15, Kuramoto-

menopausal women. The use of estrogens for the relieflyf, Tokushima 770-8503, Japan.
vasomotor symptoms, improvement of vaginal discorreceived 6 April 1999; Accepted 13 July 1999

© 1999 Wiley-Liss, Inc.
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MATERIALS AND METHODS Chromatographic Apparatus and Conditions

Subjects The complete mixed sample was injected by WISP 710B
Blood samples were obtained from 20 healthy male Volu%gtosampler (Waters Co., MA). HPLC was performed using

teers aged 23 to 40, and 154 peri- and postmenopausal wog Ié%:100P pump (Yokogawa Analytical System Inc., Tokyo,

. " ipan) and an SPD-2A spectrophotometric detector
aged 50 to 74. Five additional healthy postmenopausal VlgHIMADZU Co., Kyoto, Japan). A CAPCELL PAK NH2
unteers aged 53 to 72 received a single oral administratio

f C
0625 g conugated equine estrogen (CEE, Premaih ™" (45 X 50 T B Shieio Co. obe s
Wyeth), and had blood samples taken for the first 3 hr, ther}:%mposition was ethanaf-hexane (1:4, vAv) at a flow rate

6, 12,24, 36, and 48 hr. Finally, 63 postmenopausal WOMS™L mi/min. The retention time of estrone andg3igstradiol

aged 43 to 68 who suffered from vasomotor symptoms such . o .

. o n .. was calibrated by tritium-labeled compounds. Each fraction

as hot flush or atrophy of the vagina, were arbitrarily divide . : .
into two groups and treated with hormone replaceme(?wteStrone (8 to 10 min) and Bestradiol (12 to 14. min) was

collected by the Model 201 programmable fraction collector

therapy. The first group (40 patients) received oral admin 5ILSON Medical Electronics, Inc. Middleton, WI) and was

tration of 0.625 mg CEE and 2.5 mg medroxyprogester(())e\%iporated in a centrifugal concentrator. The residue was re-

diSsolved in a 4@l of ethanol and added to 7§0of assay

group (23 patients) received oral administration of 0.625 m L
ffer (0.05 M phosphate buffer pH 7.4 containing 0.01%
CEE and 2.5 mg MPA every other day. In both groups, blo IN,, tween 20, 0.9% NaCl, and 0.28globulin).

samples were drawn at 12 to 18 hr after medication. The bloo
¥vas centn_fuged at‘_’4: and the serum samples obtained We{:?adioimmunoassay for Estrone and 17 B-Estradiol
rozen until analysis.

From the fractions of reconstituted estrone an@-&3tra-
diol, 20 ul of purified sample was transferred to a scintilla-
tion vial for recovery study. Radioactivity was measured in a

Progesterone, I/-hydroxyprogesterone, deoxycorticos41,600 TRIiquid scintillation counter (Packard Instruments
terone, estrone, corticosterone,@éstradiol, aldosterone, Co. Inc., Meriden, CT). For radioimmunoassay of estrone,
hydrocortisone, estriol andglobulin were purchased from200pul of sample and various concentrations of standard es-
Sigma Chemical Co. (St. Louis, MO). Testosterone was ptmene were pipetted into glass tubes (12 x 75 mm), anfl100
chased from Tokyo Chemical Industry Co. (Tokyo, Japamy antibody against estrone and {iitof 1 labeled estrone
Antiserum ,**I-labeled reagents and precipitating reage@approx. 5,000 cpm) was added to each tube, mixed and incu-
were obtained from Diagnostic System Laboratories (Texasated at 4C overnight. For the assay of estradiol, {lMf
Tritium-labeled estrone and B7estradiol, which were usedantibody against estradiol was added to the each tube which
after purification by HPLC, were obtained from Amersharmontained 200l of sample and various concentrations of stan-
International (Buckinghamshire, UK) and DuPont-NENard estradiol, mixed and incubated dE 4or 6 hr. Thereaf-
Research Products (Boston, MA), respectively. Other rer,"* labeled estradiol (approx. 5,000 cpm) was added and
agents were obtained from Kokusan Chemical Co. (Tmcubated at 4C overnight. After incubation, 1 ml of precipi-
kyo, Japan). tating reagent was added, vortexed and kept at room tem-
perature for 15 min. The tubes were centrifuged at §,&00
20 min, and supernatants were decanted. The residues were
counted by ARC-1000 gamma counter (ALOKA., Tokyo,

To assess extraction efficiency, tritium-labeled estrone adapan). The results of estrone and3i&stradiol concentra-
17B-estradiol (approx. 2,000 dpm inliGethanol) were added tions were obtained using logit-log plot that was made by
to 1 ml of serum. After equilibration for about 30 min at roorourve-fitting software (ALOKA RIA SYSTEM), and the fol-
temperature, the serum was added to 1 ml of 0.1N HCI dadiing expression:
shaken.The complete mixture was applied to an aCtivateedstrogen concentration (pg/ml ) = T/R
Sep pak tC18 PLUS cartridge (Waters Co., MA). After thé
cartridge was washed with 5 ml of 4% acetic acid and 5 mheffiereT is estrogen concentration (pg/ml) obtained from logit-
50% methanol, steroid hormones were eluted with 3 mllof plot andR s the elution efficiency (100% = 1.0).
acetonitrile into glass tubes. The process of solid-phase ex-
t_ract|on was automatically carrlgd out by MilliLab WorkstaéaS Chromatography Massspectrometry (GC-MS)
tion (Waters Co., MA). The elution was evaporated 4C40 :

. : . : easurement for 17 B-Estradiol

in a centrifugal concentrator. The residue was redissolvedin

a mixture (30Qul) of ethanoln-hexane (1:4, v/v) and trans- To compare the level of 1F-estradiol measured by GC-
ferred to a vial for HPLC. MS, 14 serum samples of B7estradiol were also measured

Reagents

Extraction
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by HPLC-RIA. The analysis for 1p-estradiol by GC-MS  Calibration curves for estrone and@t&stradiol are shown
was performed at LAB GmbH & Co., Neu-Ulm, Germany.in Figure 2. The limit of detection of estrone and3i&stra-

diol, defined as mean blank measurement minus 2Sb (2
Statistical Analysis standard deviation of zero bound) were 1.04 pg/ml and 0.64
V\Pa%/ml’ respectively. Intra- and interassay coefficients of varia-
tion (CV) are summarized in Table 1. The intra-assay CV of
estrone and 1B-estradiol ranged from 19.5 to 28.7%, and
8.5 10 13.7%, respectively. The interassay CV of estrone and
17B-estradiol was 18.0 and 14.7%, respectively. The spiking

Statistical significance of differences between means
assessed with Studentgest, andP values less than 0.05
were considered to be statistically significant.

RESULTS recovery of added estrone and[®éstradiol was 109.9 and
Measurement of Serum Estrone and Estradiol 108.6%, respectively. As shown in Table 1, the overall CV of
Extraction and HPLC estrone and 13-estradiol in postmenopausal women was 19.5

daer]d 8.5%, respectively. Serum samples were assayed both
&ndiluted and diluted with the zero calibrator. Our procedure

E‘@intained good linearities under dilution of estrone and 17

The efficiency of the solid-phase extraction technique,
termined as recovery of final radioactivity compared with fir
added tritium-labeled estrogen in serum, was 89.0 and 92.
for estrone and 1PB-estradiol, respectively. Separation o
various steroid hormones in the HPLC system is shown
Figure 1. Estrone and Testradiol were sufficiently sepa-
rated from other steroid hormones. After HPLC, the overall Fourteen samples were measured by HPLC-RIA to establish
elution efficiency for estrone and B+estradiol ranged from serum levels of 1B-estradiol and were also analyzed by GC-
60 to 70%. MS. Asshown in Figure 3, the correlation was good (R2 =0.777).

0 .
estradiol.

GE-MS Measurement of 17 B-Estradiol

Hydrocortisone

Testosterone
17 a -Hydroxyprogesterone

Absorbance (225 nm)
Progesterone
Deoxycorticosterone

Aldosterone

Corticosterone

Estrone
Estradiol
Estriol

T ~T

0 10 20 30 40

Time (min)

Fig. 1. High-performance liquid chromatogram of a standard mixture @blumn at a flow rate of 1 ml/min. Elution of steroids was monitored by
steroids. The HPLC of steroids was performed using CAPCELL PAK NHibsorption at 225 nm.
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Fig. 2. Calibration curves for estrone (left) and 3-éstradiol (right) in RIA.
Measurement of Serum Levels of Estrone and 17 last menstruation, but it then increased slightly to 6 pg/ml

B-Estradiol in Perimenopausal Women from 10 to 15 years after.

The serum levels of estrone and3t&stradiol in 154 peri- .
ange in Serum Levels of Estrone and 17
and postmenopausal women were measured by HPLC- . : ; - .

. -Estradiol With a Single Oral Administration of
method, and these levels were expressed as the period IC& uated Equine Estrone (CEE)
their last menstruation (Table 2). The mean level of estrone 1ug q
for the same period was 24.2 pg/ml; this level decreased t&€EE was given orally to 5 volunteer postmenopausal women,
15.7 pg/ml in the postmenopausal period. During a periodarfd blood samples were taken for the first 3 hr, then at 6, 12, 24,
3to5years and 10 to 15 years, these levels increased sligfiand 48 hs. Figure 4 shows the changes in serum levels of
to 21 and 27 pg/ml, respectively, though no significant diéstrone and 1¥-estradiol after oral administration of 0.625 mg
ferences were found. On the other hand, the mean level ofZEE. The mean levels of estrone an@4¥5tradiol before ad-
B-estradiol during the period of less than 1 year was 23.6 pghistration were 12.2 and 3.0 pg/ml, respectively, and reached
ml, and thereafter that level decreased to 4 pg/ml. There vagzeak of 125.9 and 13.7 pg/ml, respectively, after 12 hr of ad-
little variation in this level up to 10 years after the subjectrsinistration. These levels gradually fell toward the 48-hour

TABLE 1. Reproducibility of estrogen determinations in pooled serurf

Estrone Estradiol
Intra-assay Normal men Postmenopausal women Normal men Postmenopausal women
n 10 7 10 7
Mean (pg/ml) 425 22.0 315 5.3
SD (pg/ml) 12.21 4.29 4.33 0.45
CV (%) 28.7 19.5 13.7 8.5
Spiking add 300 add 150
n 10 10
Mean (pg/ml) 376 197
SD (pg/ml) 41.4 17.1
CV (%) 11.0 8.7
Yield (%) 109.9 108.6
Inter-assay
n 7 7
Mean (pg/ml) 31.1 33.7
SD (pg/ml) 5.61 4.97
CV (%) 18.0 14.7

aSpiking samples were made to add estrogen into normal men serum.
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Fig. 3. Correlation of 1P-estradiol in serum by HPLC-RIA and GC-MS.
The correlation was high (R2 = 0.777).

point, when the serum levels of estrone an@-é&3tradiol were
27.2 and 3.6 pg/ml, respectively.

Change in Serum Levels of Estrone and 17
B-Estradiol in Postmenopausal Women
Undergoing Hormone Replacement Therapy

Serum estradiol (pg/ml)

Sixty-three postmenopausal women who suffered from 0 ' J T ! !

vasomotor symptoms or vaginal atrophy were treated with 0 10 20 30 40 50
continuous combined hormone replacement therapy consist- Time ( hours)
ing of 0.625 mg CEE and 2.5 mg MPA. They were d|V|ded
4. Estimation of serum levels of estrone andf3t&stradiol after a

into two groups, i.e., everyday and every other day admlnéﬁggle oral administration of 0.625 mg conjugated equine estrogen (CEE).
tration. Based on the result of a single administration of CEEp < 0,01 vs. before administration; #,< 0.05 vs. before administration.
blood samples were drawn before treatment, at 12 to 18hth value represents the meaSE.
after medication, and at 6 months and 12 months in both
groups. As shown in Figure 5, the mean level of estrone after
6 months’ treatment everyday was significantly increaBed those of the group treated everyday. The mean levelg®f 17
< 0.0001) to 131.0 pg/ml, and this level continued to ¥&tradiol after 6 and 12 months in the group treated every day
months. On the other hand, the levels of estrone after 6 srate 20.3 and 21.3 pg/ml, respectively, whereas those in the
12 months in the group treated every other day were 74.8 gnaup treated every other day were 15.3 and 15.9 pg/ml,
73.4 pg/ml, respectively. These levels were approximately hadpectively.

TABLE 2. Serum levels of estrone and 1B-estradiol in peri- and postmenopausal woméh

Period since last

menopause (year) Less than 1 1-2 2-3 3-5 5-7 7-10 10-15 15-20 20-30

No. of women 11 17 21 13 17 27 23 17 8

Estrone (pg/ml) 242119 157£6.30 16.9£+8.60 21.1+215 150945 17.3+7.97 27.429.6 17.3:t9.78 22.416.7

17 B-estradiol 23.6627.6 4.20£2.90 4.50£t2.70 4.38358 392276 3.54-1.86 6.26:4.19 3.941.60 4.332.64
(pg/ml)

8Results are meat SD.
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Estrone gradient elution method is more effective for separating
samples that contain many constituents. However, this
method requires a high performance gradient controller to

150 - T obtain reproducibility of retention times. Therefore, we con-

structed an isocratic elution system using CAPCELL PAK

NH2 column. Our HPLC system can effectively separate

100 1 estrone and 1f-estradiol from other steroid hormones with-

T T out special equipment.

A direct RIA method using antiserum must have high speci-
ficity to obviate interference with other steroid hormones.
However, we selected an antiserum of high affinity rather than
0 | of high specificity in order to get higher sensitivity. Conse-

Before 6 12 quently, the antiserum against estradiol used in our method
showed a 12% cross-reaction with estrone, and therefore the
process of HPLC was required in the purification of estrone
and 17B-estradiol. The antiserum of estradiol did not react
with the corticosterone and aldosterone that were eluted close

Estradiol to a 17B-estradiol by HPLC.

a0 4 We measured the serum levels of estrone arfgtdstra-

diol in postmenopausal women using the combination of an

* automatic HPLC-RIA method after extraction. It was reported

T T that the mean levels of circulating f-2stradiol after meno-

pause were approximately 10 to 20 pg/ml (17-19), most of

which were derived from peripheral conversion of estrone.

On the other hand, the circulating levels of estrone in post-

menopausal women ranged from approximately 30 to 70 pg/

ml, which were higher than those of Bfestradiol. Using

our sensitive assay, the mean levels of serum estrone and 17

0 T [-estradiol ranged from 15 to 27, and 3.5 to 6.3 pg/ml, re-
Before 6 12 spectively, in postmenopausal women. These levels were

Months lower than those reported previously.
Postmenopausal women had very low levels of estradiol,

Fig. 5. Mean levels of estrone and Bestradiol in serum of postmeno- which is associated with loss of bone mineral density, vaso-

pausal women before and during hormone replacement therapy with copjptor symptoms, atrophy of reproductive organs, and car-

gated equine estrogen and medroxyprogesterone acetate. Before = b?fPé?/ascular disease. Hormone replacement therapy can

hormone replacement therapy, everyday; , every other day; *P < . . . .

0.01 vs. before therapy. Each value represents the m8n relieve vasomotor symptoms, increase bone mineral density,

and decrease the circulating level of total cholesterol (20),
and can therefore prevent osteoporosis and cardiovascular
disease. Chetkowski reported that tissue sensitivity to estra-
diol varies, and that hierarchy in the estrogen-responsive

We developed a highly sensitive and specific assay of psacess, from the most sensitive to the least, is calcium turn-
trone and 1B-estradiol in serum using the combination ofver, gonadotropin secretion, vaginal epithelial growth, lipid
an automatic HPLC-RIA method after extraction. It has beprmduction, and liver protein production (9). Breast cancer
reported that several assay methods use the extraction ofisteery sensitive to the growth-promoting effects of estradiol
roid hormones from serum (11-14). In these methods, sashlow as 10 to 20 pg/ml. Therefore, it is necessary for post-
extractions were performed by liquid—liquid extraction usingenopausal women receiving hormone replacement therapy
ether or dichloromethane. We carried out solid-phase extrawmonitor the serum levels of Bfestradiol. However, there
tion using Sep pak tC18 to extract estrogen, as liquid-liquce some difficulties in clinical assays as techniques and qual-
extraction is complicated and hard to automate. Using a soltgi-differ, and CEE used widely for hormonal therapy repre-
phase extraction robot, it was easy to automate the extracents a diverse collection of estrogenic compounds, ranging from
process. estradiol to unique equine estrogens. Using our HPLC-RIA

The method used to separate steroid hormones by HRh€thod, we could accurately monitor the levels of estrone and
is either gradient elution, that which Schoneshofer aid [3-estradiol in postmenopausal women receiving CEE.
Ueshiba reported using (15,16), or isocratic elution. TheWe first measured the serum levels of estrone an@ 17

200 A

*
*

50 1

Serum estrone (pg/ml)

Months

20 1

"
*

104

Serum estradiol (pg/ml)
_|
=4

DISCUSSION
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estradiol with a single administration of CEE. The serum lev- centration of unknown origin. Clin Chem 1991;37:2152-2153.

els of estrone and Prestradiol similarly increased, reached®: P'ace VA,Powers M, Darley PE, Schenkel L, Good WR. A double-
k at 12 hr after administration. and then araduallv de- blind comparative study of Estraderm and Premarin in the amelioration

apea ’ g y of postmenopausal symptoms. Am J Obstet Gynecol 1985;152:1092—

creased. Based on these results, we measured the serum levglgg

of estrone and 1B-estradiol at 12 to 18 hr after receiving 7. Lindsay R, Hart DM, Clark DM. The minimum effective dose of estro-

daily combined administration of CEE and MPA in postmeno- gen for prevention of postmenopausal bone loss. Obstet Gynecol

pausal women who suffered from vasomotor symptoms. The 1984:63:759-763.

roblem of areatest concern in daily combined hormone I’g' Henderson BE, Ross RK, Paganini-Hill A, Mack TM. Estrogen use and
p g S ! iy ! " cardiovascular disease. Am J Obstet Gynecol 1986;154:1181-1186.

placement therapy is breakthrough bleeding (21). Thereforg, chetkowski RJ, Meldrm DR, Steingold KA, et al. Biological effects of
we have used combined hormone therapy every other daytransdermal estradiol. N Engl J Med 1986;314:1615-1620.

which relieves vasomotor symptoms and decreases the iAei-Barbieri RL. Hormone treatment of endometriosis: the estrogen thresh-

dence of genital bleeding in Japanese women (22). This regi-°!d hypothesis. Am J Obstet Gynecol 1992;166:740-745.
Mikhail G, Wu CH, Ferin M, Vande Wiele RL. Radioimmunoassay of

men is effective in postmenopausal women wishing E‘O plasma estrone and estradiol. Steroids 1970;15:333—-352.

eliminate genital bleeding and reduce both hormonal side gf- wy cH, Lundy LE. Radioimmunoassay of plasma estrogens. Steroids
fects and menopausal symptoms. The mean level of estronet971;18:91-111.

at 12 months after daily combined hormone replacemést Stoks PG, Benraad TJ. Rapid separation of plasma steroids by reversed-
therapy was 135.0 pg/ml, a level which was approximately phase high-performance liquid chromatography with timed collection

. of fractions. J Chromatogr 1983;208:408-412.
twice the level of the group treated every other day‘ On tﬂ? Imaizumi N, Morimoto S, Kigoshi T, Uchida K, Hosojima H, Yamamoto

other hand, the mean level of f+stradiol at 12 months in | appiication of reversed-phase high-performance liquid chromatogra-
the group treated everyday was 21.3 pg/ml, which was slightly phy for radioimmunoassay of plasma 18-hydroxycorticosterone. J
higher than the level in the group treated every other day. TheChromatogr 1984;308:295-300.

increase in estrone was higher than that of estradiol. 15. Schoneshofer M, Fenner A, Dulce HJ. Assessment of eleven adrenal

. . steroids from a single serum sample by combination of automatic high-
Recently, Ettinger and coworkers found a protective effect performance liquid chromatography and radioimmunoassay (HPLC-

of low levels of estradiol against low bone mass and fracture. ra). 3 steroid Biochem 1981:14:377-386.

Those who had estradiol levels from 10 to 25 pg/ml hadi@ Ueshiba H, Segawa M, Hayashi T, Miyachi Y, Irie M. Serum profiles of
greater level of bone mineral than did those with levels be- steroid hormones in patients with Cushing’s syndrome determined by a
low 5 pg/ml (23). Our method allows one to determine very "W HPLC/RIA method. Clin Chem 1991;37:1329-1333.

| | Is of est d tradiol i t ll . Meldrum DR, Davidson BJ, Tataryn IV, Judd HL. Changes in circulat-
ow levels of estrone and J¥estradiol in postmenopausa ing steroids with aging in postmenopausal women. Obstet Gynecol

women and shows accurate levels of such hormones during;gg1:57:624-628.

hormone replacement treatment. This method may be clitg- Judd HL, Judd GE, Luca&/E, YenSSC. Endocrine function of the
cally very useful not only for evaluating ovarian function but postmenopausal ovary; concentration of androgens and estrogens in ova-
also for monitoring treatment with CEE as hormone replace- rian and peripheral vein blood. J Clin Endocrinol Metab 1974;39:1020—

. 1024.
ment therapy in postmenopausal women. 19. Judd HL, Shamonski IM, Frumar AM, Lagasse LD. Origin of se-

rum estradiol in postmenopausal women. Obstet Gynecol 1982;
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