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SUMMARY

A simple, rapid-and highly specific method: by selected ion monitoring (SIM), using
9cz ,11e-[2H, Jestrone, [2,4-*H ]estradxol—l?ﬁ and 2,4-{?H, Jestriol as internal standards, was
developed for the determmatlon of serum estrogens during pregnancy. Serum samples were
submitted to a simple extraction procedure and were ana]ysed after formation of the tri-
flioroacetic anhydrxde denvatlve "The inter-assay caoefficients of variation for estrone,

estradlol~17ﬂ and estnol were 3.73%, 3.42% and 3.49%, respectively. The results obtamed by
SIM were compared with analysns performed usmg radxounmunoamy. s

INTRODUCTION

Quantlflcatlon of estrogens has made conSIderable progress since the intro-
ducf:xon :of : radioimmunoassays.: (RIA).> - ‘These - -immunological methods: are
,hmlted ‘however, by the nonspemficxty of antlbodles ‘and are- comphcated by
the need for usmg radmlsotopes.. . :';:
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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 (estrone, estradiol-178
and estriol) using the technique of selected ion monitoring (SIM).

EXPERIMENTAL

Moeaterials

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
redistilled before use.

Synthesis of deuterium-labelled estrogens

[2,4-*H,]Estriol was prepared by the deuterium exchange reaction according
to the methed reported by Tokés and Throop [1]. A solution of estriol
(100 mg) in deuterated methanol (CH;0%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%), d,-estriol (10.1%) and ds-estriol (1.7%).

[2.,4-°H,] Estradiol-178 (50 mg) was prepared in the same manner as de-
scribed above for estriol. 2, 4-d.-Estradiol-178 (32 mg, 80%) containing d,-estra-
diol-178 (16%) and dy-estradiol-178 (4%) was obtained.

[9a,11c¢-*H,]Estrone was prepared by the method of Tsuda et al. [2].
A solution of 9(11)-dehydroestrone (1.0 g) in dimethoxyethane (50 ml) was
shaken vigorously in deuterium atmosphere with 5% palladium charcoal (0.4 g).
The absorption was stopped after 10 min. The catalyst was removed by filtra-
tion and the filirate was concentrated. 9a,11a-d,-Estrone (0.9 g, 27%) con-
taining dg-estrone (2.9%), d;-estrone {(15.2%), dj-estrone (38.0%), ds-estrone
(13.4%) and ds-estrone (3.5%) was obtained.

Analysis by nuclear magnetic resonance (NMR) spectrometfry showed that
two deuteriums were induced into positions 2 and 4. Analysis of the synthe-
sized deuterated estrone by NMR was not performed. However, under the
procedure used in this experiment, deuterium should be induced into positions
9and 11.

Gas chromatography—mass specirometry

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 1-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 pA, respectively. The retenticn times of estrone trifluoroacetate
(TFA), estradiol-178-TFA and estriol- TFA were 3 min 3 sec, 4 min 30 sec
and 1 min 30 sec, respectively. The multiple-ion detector was focused on the
molecular ions of TFA derivatives of unlabelled and labelled compounds.
Monitor masses were as follows: m/e = 366, 368 for estrone; m/e = 464, 466
for estradiol-178; and m/e = 576, 578 for estriol. Mass spectra of estrone-TFA,
estradiol-178-TFA, and estriol-TF A are demonstrated in Fig. 1.
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Fig. 1. Mass spectra in the analysis of trifluoroacetates of estrone, estradiol-178 and estriol.
Upper spectrum: estrone, M*=366; centre spectrum, estradiol-175, 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 allowed 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 1 ml of water, estrogens were extracted with 2 ml of
water-saturated ethyl acetate. The solvent was removed by evaporation under
mtrogen gas. The residue was dissolved in 4 ul of ethyl acetate and 4 ul of tri-
fluoroacetic anhydride were added.
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Serum 0_5mi
add deuterium-labelled estrogens
as ir}temal standards

Extract with 2ml methanol

i
Centrifuge 3000rpm 5 min

~ "Methanol
i Removal of lipid with
n-Hexane 2 mIX2:discard
Evaporate under N: gas stream
!
H:0 1 ml
|
Ethyl acetate 2 ml
!
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i
Evaporate under N: gas stream
i

TFA derivative formation

!
GC-MS

Fig. 2. Extraction and derivatization of estrone, estradiol-17g and estriol to be determined

by GC—MS.

Calculation of the content of estrogens

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.
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Fig. 3. Formula for calculation of the content of estrogens (Es) [estrone (E, ), estradiol-178
(E;) and estriol (E,)}. Hormone concentrations were calculated by mu!txple—xon detectlon re-

sponses as peak heights in mm.
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RESULTS

Eualuatzon of the method

Known -amounts of estrone, astradxol-l?ﬁ and estriol were added to 0.5 ml
of healthy male serum. The extraction and derivative formation were carried
out as shown in Fig. 2. As seen from Table I, the values for percentage recovery
and coefficient of variation (C.V.) were satisfactory.

TABLE I

RESULTS OF THE EVALUATION OF THE METHOD

Estrogen added to n Recovered Percentage recovery C.V.

male serum ng/ml (mean = S.D.) (%)

(ng) (mean=S.D.)

Estrone 10 6 9.65 + 0.36 96.47 + 3.57 3.73

Estradiol-178 20 6 19.32 + 0.66 96.58 = 3.29 3.42

Estriol 20 6 19.58 + 0.68 97.88 + 3.41 3.49
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Correlation with radioimmunoassay

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 all three
esitrogens 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 86th to the 40th week were as follows:
estrone, 19.8 = 8.5 ng/m!; estradiol-178, 31.7 + 13.4 ng/ml; estriol, 165+ 3.1
ng/ml.

TABLE II

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

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

Weeks of Estrone (ng/ml) Estradiol-178 (nig/ml) Estriol (ng/ml)
gestation
4—7 2012 21:15 1.8+09
(6) (7 (8)
8—11 27«10 37«16 1909
(11) (6) (12)
12—15 4523 9.8+45 39+11
(7) (10) (6)
16—19 6.0x1.9 9.9+45 50=+23
(12) (11) (11)
20—23 7.5+29 127+ 5.6 5.7=+2.1
(16) (14) (11)
24—27 104247 16.7+ 4.2 7.7+15
(16) (12) (8)
28—31 122+ 28 17.8+6.7 10.1: 4.0
(14) (18) (21)
32—-35 13.3+6.7 22385 10.5+5.3
(20) (21) (21)
36—40 19.8x+ 85 31.7+134 16.5 =+ 3.1
(18) (21) (22)
DISCUSSION

The labelled compounds used in the present study were found to be stable
in all procedures including extraction, derivative formation and GC—MS
measurement. Althcugh the isotopic purity of 9,11-deuterated estrone was
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only 27%, the ratio of d,-estrone to dy-estrone in the standard labelled estrone
was high. Thus this compound could be used as a standard with satisfactory
results. 2 4-Di-deuterated estrogens used for estradiol-178 and estriol were of
high isotopic purity and could be used as good standard compounds.

Recently, there have been several reports concerning defermination of
estrogen by GC—MS. Bjorkhem et al. [6] and Breuer and Siekmann [7]
prepared di-deuterated estrogens ([2,4-°H,]estriol, and [6,7-*H,]estradiol,
respectively), as used in this study. Zamecnik et al. {8] determined estradiol-
178 with tetra-deuterated estradiol-178. These investigators prepared trimethyl-
silyl ether derivatives. Knuppen et al. [9] determined estradiol as its hepta-
fluorobutylate derivative with [2H,]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 estrone, estradiol-178 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. [10]. 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 100 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 ranged from 4.9 to 25.0 ng/ml! [13,14]. The mean
serum levels published for unconjugated estradiol-178 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 estrone and estradiol-178 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 [11]. 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 estrone sulfate in the preparation of the
sample for GC—MS can not be completely ruled out, since estrone sulfate is
known to be labile and its concentration in blood is relatively high. However,
addition of 100 ng of estrone 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

during 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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