
275 

: _.,.. ’ 

_,.: : _- -. 

;iournoZ:of Chrvmatography, 225 (1981) 275-282 
Biomedical Applications _ 
Eisevier Scientific Publishing Company, Amsterdam - Printed in The Netherhmds 

CHROMBIO. 953 

DIiTERMINATItiN OF SERUM UtiCtiNJUGATED ESTRONE, 
ESTRADIOL-176 AND ESTRIOL DURING PREGNANCY BY SELECTED 
ION MONITORING 

MASAEIYC IWAI, HIROSHI EANNO, MASASHI HASHINO, JINICHI SUZUEI, T-AEUMI 
YANAIHARA* and TETSUYA NAKAYAMA 

Department of O’bstetrics and Gynecology, School of Medicine, Showa University, Tokyo 
I-5-8 Hatanodai, Shinagawa, Tokyo 142 (Japan) 

and 

HIRCMU MORI 

Te&oku-Hormone Manufacturing Co_, Kawasaki (Japan) 

(First received December-lo& 1980; revised manuscript received April 28th, 1981) 

SUMMARY . . 
: 

-A simple, rapid and highly specific methodi by selected ion monitoring (SIM), using 
9a,ll~-[?H,]estrone; [2,4-‘H,]estradiol-178 and 2,4-[*H,]estriol as internal standards, was 
developed for the determination of serum estrogens during pregnancy_ Serum samples were 
submitted to a simple extraction procedure and were anaIysed after formation of the tri- 
flu&o&etic ‘anhydride ‘derivative-.. The ‘inter-a&y coefficients of variation .for estrone, 
estr&di&l?~ and &t&l were 3_73%,3.42% and 3.49%; r&pe&ively. The res&s obtained by 
SIM were compared with analysis performed using radiohnmunoassay_ 
_ -. -_-.-‘ :;- ._:: I . . 

INTRODUCTION 

i-T ~Qu@&fkation of estrogens-has made considkable progrek since the iritro- 
+ktioti 2of _ +adioiminundassays. (RIA):-- These -. immunological methods are 
-ted,’ :. hotiever, by. .tJie nons@cifici~y- of a&b@ies and are co~&pli@ed by 
the n@-f& &in’g ~q&&@p&_~.‘-_ :: ‘i -_:i _. -_ : I : .. .-. - .. 
L:,:<,;$_ _;> : _.s__; -_ ~.. - _-.. .:; z-~..-.;- :.. ;.-__:: 7:. .. c I..._ . . . .-._ _i_ -: . ..Y..~_ . . 
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The purpose of this investigation was to develop a simple, rapid and highly 
specific assay procedure for the three classical estrogens (e&one, estradioL17fi 
and estriol) using the technique of selected ion monitoring (SIM). 

EXPERIMEhTAL 

Materials 

Blood was collected between 9-00 a_m_ and 12 noon from a group of 120 
healthy pregnant women visiting Showa -University Hospital_ Serum was 
obtained by centrifugation and stored below -10°C until analyzed_ 

Reagents 
Methanol, n-hexane, ethyl acetate and trifluoroacetic anhydride from freshly 

opened bottles were used without any additional purification. Ethanol was 
red&&d before use. 

Synthesis of deuterium-labelled estrogens 
[ 2,4-’ Hz] Estriol was prepared by the deuterium exchange reaction according 

to the method reported by Takes and Throop [l] _ A solution of estriol 
(100 mg) in deuterated methanol (CH,O*H,) (10 ml) and 10% deuteriosulfuric 
acid in deuterium oxide (4 drops) was refluxed for 2 days. Most of the solvent 
was removed by distillation and water was added. The precipitates were collect- 
ed by filtration and dried. Recrystallization from methanol gave the deuterat- 
ed estriol (72 mg). Analysis by mass spectrum showed that the product con- 
sisted of 2,4-d,-estriol(88.2%), dIestrio (10.1%) and d,estriol(1_7%). 

[2,4-‘H,]Estradiol-17fi (50 mg) was prepared in the same manner as de- 
scribed above for estriol_ 2,&d,-Estradiol-17s (32 mg, 80%) containing d,estra- 
diol-l7p (16%) and dOestradiol-170 (4%) was obtained. 

[9e,llar-*H-,]Estrone was prepared by the method of Tsuda et al. [2]_ 
A solution of 9jll)dehydroestrone (1.0 g) in dimethoxyethane (50 ml) was 
shaken vigorously in deuterium atmosphere with 5% palladium charcoal (O-4 g). 
The absorption was stopped after 10 min_ The catalyst was removed by filtra- 
tion and the filtrate was concentrated_ Soc,llaiI,-E&one (0.9 g, 27%) con- 
taining d,+strone (2.9%), d,-estrone (X5.2%), dsestrone (38-O%), d,-estrone 
(13.4%) and d5estrone (3.5%) was obtained_ 

Analysis by nuclear magnetic resonance (NMR) spectrometry showed that 
two deuteriums were induced into positions 2 and 4. Analysis of the synthe- 
sized deuterated e&one by NMR was not performed_ However, under the 
procedure used in this experiment, deuterium should be induced into positions 
9 and ll_ 

Gas chromatogmphy-mass spectrometry 
The- instrument used in the present study was a Shimadzu LKB-9000 

equipped with a multiple-ion detector and was operated under the following 
conditions_ -The column was a l-m glass coil with 1% OV-1 coated on Chromo- 
sorb W 50-80 mesh, and was operated at 210°C with a helium flow-rate of 
25 ml/min. The temperature of the separator and ionization source were kept 
at 270°C and 290°C respectively_ The ionization energy and trap current were 
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70 eV and 50 JLA, respectively. The retention times of e&one trifluoroacetate 
(TFA), estradiol-l7&TFA and estriol-TFA were 3 mm 3 see, 4 min 30 set 
and 1 min 30 set, respectively_ The multiple-ion detector was focused on the 
molecular ions of TFA derivatives of unlabelled and labelled compounds. 
IMonitor masses were as follows: m/e = 366, 368 for e&one; m/e = 464, 466 
for estradiol-176; and m/e = 576, 578 for estriol. Mass spectra of estrone-TFA, 
e&radio&17&TFA, and estriol-TFA are demonstrated in Fig_ l_ 
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Fig_ l_ Mass spectra in the analysis of trifluoroacetates of estrone, estradiol-178 and estriol. 
Upper spectrum: estrone, M+=366;centre spectrum, estradiol-178, M’=464; lower spectrum, 
estriol, M’=576. The mass spectra were measured on a Jeol JMS-D300. 

Procedure 
The extraction and derivative formation were carried ‘out as summarized in 

Fig. 2_ From a standard solution containing 10 ng/ml deuterium-labelled 
estrogens in ethanol, 2 ml (20 ng) were added to 0.5 ml of the serum and the 
serum was allow&_ to stand for 30 min at-room temperature prior to the ex- 
traction procedure [3] _ After the addition of 2 ml of methanol and stirring, 
the precipitates were removed by centrifugation. The extracts were washed 
twice with 2 ml of n-hexane to remove lipid and were- evaporated to dryness- 
After the addition of L ml of water, estrogens were extracted with 2 ml of 
water-saturated ethyl acetate The solvent was removed by evaporation under 
nitrogen gas. -The residue was -dikolved in 4 ~1 of ethyl acetate, and 4 ~1 of tri- 
fluoroacetic anhydride were added. 
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Fig. 2. Extraction and derivatization of estrone, estradiol-17p and estriol to be determined 

by GC-iiS_ 

Cakulafi0n ofthecontentofestrogens 
SIM responses were measured as peak heights, and the concentrations of the 

three classical estrogens were calculated with the aid of the formula given in 
Fig. 3. 

Formula 
Sample 

h ~UL 

a I rotio of deutemted Es containing Es Ho = y+aHu 
=Q_iY35.0.040 ond 0.053 for E,. Er and E, 

b ; mfio of Es conraining dautemtsd Es 
- 0.092.0.016’ and 0.0’61 for Er . E2 ond Ea 

HN = x t by 

X : amount of. Es in.Somple 

A ; rotio of deuterizotion 
X =A&+- 

-0.270.0.800 -and 0.882 for El. Et and E, 
S : amount of added dr-Es _ 

HI 
HD- 

b 
9 ~ 

I-as 

Fig. 3. Fckuia for calculation 6% the content of estrogens (Es) [e&&e (F,); estradiol~i7~ 
(E;)-and estrio? (&)I; Hormok concentrations were cekulated by multipl&on det&tidn~re- 
SpE%SBi3SpESkh&g~k--_ .- ’ 
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RESULTS 
. 

Eualuatin~of the ~method . 
Knqwn -amounts of e&one, estradio~-L7~ and estriol were added to 0.5 ml 

of healthy male serum. The extraction and derivative formation were carried 
out as shoti in Fig. 2, As seen from Table I, the values for percentage recovery 
and coefficient of variation (C-V,) were satisfactory_ 

TABLE1 
RESIJiTS OF THE EVALUATION OF THE METHOD 

Estrogen added to R Recovered 
male serum ng/ml 
(ng) (mean 2 S.D. ) 

Ektrone 10 6 9.65 z 0.36 
Estradiol-178 20 6 19-32 f O-66 
EStXiOl 20 6 19-58 2 0.68 

Percentage recovery c-v_ 
(mean + SD.) (%) 

96.47 r 3-57 3.73 
96.58 r 3.29 3.42 
97.88 + 3.41 3.49 
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Correlation with radioimmrrnoassay 
The radioimmunoassay of the three classical estrogens was carried out 

according to methods currently used in this laboratory [4]. Anti-estriol-16,17- 
dihemisuccinate-bovine serum albumin (BSA) was used as an antibody. The 
cross-reactivity of this anti-serum with various steroids was studied [5]. Speci- 
mens were extracted with dichloromethane and separation of ah three 
esbogens was performed by column chromatography using Sephadex LH-20. 

Serum samples were quantitated by two different methods - RIA and gas 
chromatography-mass spectrometry (GC-MS). The correlation between these 
methods is shown in Fig. 4. The values for the three classical estrogens obtained 
by GC-MS correlated well with those obtained using RIA. 

Clinical results 
Normal pregnant women (n = 120) were studied. The levels of the three 

estrogens increased with progressing gestation (Table II). The mean + S.D. 
levels of three estrogens from the 36th to the 40th week were as follows: 
estrone, 19.8 + 8.5 ng/rnI; estradiol-178, 31.7 * 13.4 ng/mI; estriol, 16.5 + 3.1 
ng/mI. 

TABLE II 

SERUM LEVELS OF UNCONJUGATED ESTROGENS IN NORMAL PREGNANT 
WOMEN DETERMINED BY GC-MS 

Values are expressed as mean + SD. Number of samples in parentheses. 

Weeks of 
gestation 

Estrone (ng/ml) Estradiol-17@ (ng/ml) Estriol (ng/mI) 

4-7 

8-l 1 

12-15 

16-19 

20-23 

24-27 

28-31 

32-35 

36-40 

2.0 + 1.2 2.1 + 1.5 1.8 2 0.9 
(6) (7) (8) 

2.7 2 1.0 3.7 + 1.6 1.9 i 0.9 
(11) (6) (12) 

4.5 i 2.3 9.8 i 4.5 3.9 + 1.1 
(7) (10) (6) 

6.0 2 1.9 9.9 + 4.5 5.0 k 2.3 
(12) (11) (11) 

7.5 -c 2.9 12.7 + 5.6 5.7 r 2.1 
(16) (14) (11) 

10-4 i 4.7 16.7 + 4-2 7.7 + 1.5 
(16) (12) (8) 

12.2 2 2.8 17.8 f 6.7 10.1 f 4.0 
(14) (18) (21) 

13-3 it 6-7 22.3 i 8.5 10.5 c 5.3 
(20) (21) (21) 

19-8 * 8.5 31.7 i 13.4 16.5 f 3.1 
(18) (21) (22) 

DISCUSSION 

The IabeIIed compounds used in the present study were found to be stable 
in aII procedures including extraction, derivative formation &d GC-MS 
measurement. AIthcugh the isotopic purity of 9,lldeuterated e&one was 
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only 27%, the ratio of_&-e&one to &-estrone in the standard labelled e&one 
was high. Thus this compound could be used as a standard with satisfactory 
results. 2,4-Di-deuterated estrogens used for estradiol-17fi and estriol were of 
high isotopic purity and could be used as good standard compounds_ 

Recently, there have been several reports concerning determination of 
estrogen by GC-MS. Bjiiirkhem et al. [S] and Breuer and Siekmann [7] 
prepared di-deuterated estrogens ( [2,4-ZH,]estriol, and [6,7-*H2]estradiol, 
respectively), as used in this study. Zamecnik et al_ [S] determined estradiol- 
170 with tetradeuterated estradiol-176. These investigators prepared trimethyl- 
silyl ether derivatives_ Knuppen et al, [9] determined estradiol as its hepta- 
fluorobutylate derivative with [*H,]estradiol. Derivative formation of estrogens 
by polyfluorocarboxylic acid seems to be suitable for steroid measurement by 
GC or GC-MS, since derivatives could be prepared easily with high volatility, 
and molecular ions were intensive at high masses_ In our present study, TFA 
derivatives were used because of the reason mentioned above. 

We believe that the present study is the first-to demonstrate the determina- 
tion of serum unconjugated e&one, estradiol-170 and estriol during pregnancy 
by the technique of SIM from the same samples. 

It is tedious and time-consuming to perform and draw a standard curve, 
especially when a limited number of samples are determined as applied for 
RIA. The hormone concentrations in this paper were calculated with the aid of 
the described formula without using standard curves_ This approach has been 
used to measure testosterone and progesterone by Dehennin et al. [lo]. The 
estimation of peak heights from SIM enables immediate determination of 
hormone concentration_ The amount of estrogens introduced into the GC-MS 
instrument ranged between PO0 and 500 pg in this study. Such amounts were 
sufficient for accurate determination. This is consistent with the sensitivity of 
GC-MS. 

The mean levels of plasma unconjugated estrone estimated from the 36th 
week of pregnancy until term by different investigators using chemical methods 
ranged from approximately 8 to 15 ng/ml[11,12], while values from the radio- 
immunological method rang& from 4.9 to 25.0 ng/ml [13,14] _ The mean 
serum levels published for unconjugated estradiol-170 determined by chemical 
methods ranged from approximately 8 to 25 ng/ml [11,12], and for radio- 
immunological methods ranged from 18 to 25 ng/ml [15,16]_ The mean levels 
of e&one and estradiol-17/3 measured by the present method seem to be higher 
than those reported by the others_ The mean levels of estriol were also higher 
than those noted with the chemical method [ll] _ However, the mean levels 
of estriol in our study seem to be lower than concentrations reported using 
radioimmunological methods [ 17,18]_ 

In this study, conjugated estrogens were not determined, but values of 
steroid sulfates [19] have to be considered when levels of unconjugated 
steroids are evaluated_ 

The possibility of hydrolysis of e&one sulfate in the preparation of the 
sample for GC-MS can not be completely ruled out, since e&one sulfate is 
known to be labile and its concentration in blood is relatively high. However, 
addition of 100 ng of e&one sulfate to male serum resulted in a 0_13% higher 
value than that in a sample without addition (our recent observation)_ 
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With this method, it is possible to complete approximately 30 samples 
dwig one working day_ 

In conclusion, the assay described here is a simple, rapid and specific method 
for measuring the three classical estrogens. 
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