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SUMMARY 

One of the most significant advances in steroid methodology in the last decade has been the develop- 
ment of gas chromatograph-mass spectrometric (CC-MS) procedures. In this report a series of methods 
for steroid determination and detection, in which an LKB 9000 gas chromatograph-mass spectrometer 
linked to a Hewlett-Packard minicomputer (HP 2100A) or a Varian MAT CH7 with the data system 
Spectrosystem IOOMS has been used, are described. A mass fragmentographic (MF) method for the 
determination of 11 estrogens in various biological fluids is outlined. The levels of these steroids in 
late pregnancy plasma pools and in male and female bile are discussed. A method for the determination 
of unconjugated estriol in pregnancy plasma, for use in the monitoring of fetal well-being, and a 
second, for measuring unconjugated and conjugated estriol in nonpregnancy plasma are described. 
The latter method has been used in a pharmacological study of the luteolytic effects of administered 
estriol in humans. After the administration of single oral doses of megestrol acetate (MA) plasma levels 
were monitored by both m.f. and radioimmunoassay (RIA). The better specificity of the m.f. method 
unmasks interference by other compounds, probably metabolites, with the RIA. Studies on the mass 
spectrometrical characteristics of human urinary MA metabolites are also described. 

The use of m.f. facilitated the measurement of conjugated 17-ketosteroids in small portal venous 
plasma pools from postmenopausal women. Their concentrations are compared to those in a peripheral 
pool from the same subjects. 

INTRODUCTION 

Recent methodological advances have resulted in the 
development of four ultra-sensitive techniques for 

quantitative steroid determination: gas chromat- 
ography (GC) with electron capture detection (sensiti- 
vity: lo- ” M), radioimmunological techniques (sensi- 
tivity: IO- ’ ‘- IO- l3 M), enzymatic techniques (sensi- 
tivity: lo- I4 M) [I] and mass fragmentography (MF) 
(sensitivity: lo- I2-lo- I4 M). 

Mass fragmentography, however, offers a number 
of advantages over the other techniques mentioned. 
In addition to providing highly specific and sensitive 
detection the mass spectrometer is linked to a very 
efficient chromatographic system. After preparatory 
purification steps at least one additional chroma- 
tographic step would be required to reach compar- 
able specificity using any of the other methods. In 
general, preliminary purification is necessary before 
analysis, but usually it need not be as extensive 
as for equivalent gas chromatographic methods [Z]. 
The gas chromatograph-mass spectrometer has also 
wide applicability in the area of compound detection 
and identification when used either in the “gas chro- 
matography + mass spectrum” mode or “gas chroma- 
tography + single or multiple ion detection” mode. 

Correspondence to Prof. H. Adlercreutz, Department of 
Clinical Chemistry, University of Helsinki, Meilahti Hospi- 
tal, SF-00290 Helsinki 29, Finland. 

In this report we would like to outline the results 

of recent experiments carried out using both the LKB 
9000 and Varian MAT CH7 instruments on the 
measurement of estrogens in pregnancy and non- 

pregnancy body fluids, megestrol acetate in plasma 
and urine and neutral steroid conjugates in peripheral 

and portal vein blood. 

EXPERIMENTAL 

Most experiments, which will be presented, have 
been carried out using an LKB 9000gas chromato- 

graph-mass spectrometer (GC-MS). However, signifi- 
cant amounts of data have also been obtained using 
a Varian MAT CH7 through the courtesy of the Var- 
ian MAT company in Bremen, who permitted us to 
use the instrument for a week on several occasions. 

Our LKB 9000 irzstrument belongs to the first series 
and was installed in this laboratory in 1966. In 1970 
the mass marker and the accelerating voltage alterna- 
tor (AVA) system were added, and because the U.V.- 
recorder could not be used in combination with the 
AVA system, the paper speed was too high. the sig- 
nals were taken to an ordinary single-pen recorder. 
However, in order to allow different degrees of back- 
ground suppression (zeroing) and also different ampli- 
fication settings for signals differing greatly in inten- 
sity. two of the three signals obtainable with the AVA 
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Fig. 1. Block diagram of the computer system and interface to the LKB 9OOOGC-MS used in the 
Department of Clinical Chemistry, University of Helsinki. 

system were fed to separate recorders. This was per- 

formed in a simple way by means of a Reed relay. 
which, synchronously with the change in accelerating 
voltage caused by the AVA. switched the multiplier 
signal alternatively to one of two active low pass 

filters (cut-off frequency about 0.3 Hz). Each of the 
filters was connected to the input of a multirange 
recorder with an adjustable zero. The coil of the Reed 
relay (12V) was connected in parallel with the coil 

(L 1) of one of the relays switching the high voltage 
divider in the AVA unit. A DC coupled operational 
amplifier with an amplification factor of 25 was con- 
nected between the Reed relay and the multiplier- 

preamplifier for the purpose of reducing the effects 
of contact potentials and resistances of the relay upon 
the measurement. 

Computer and interface to LKB 9000. A block did- 

gram of the system is presented in Fig. 1. The LKB 
9000 gas chromatograph-mass spectrometer is con- 
nected on-line with a data processing system, that 
consists of HP 2100A minicomputer. HP 7900A disc 
drive, HP 2748A punched tape reader, HP 72lOA 

digital plotter, and teletype printer. HP 2100A has 
a 16 k core memory of 16 bit words and a memory 
cycle of 980ns. The HP 7900A disc unit has the 
storage capacity of 5M words of 16 bits per word. 

Two kinds of information come from the mass 
spectrometer to the computer. The mass marker pro- 
vides the mass numbers as binary coded decimal 
numbers, in that way they can be sent directly to 

the computer. The mass abundance from the electron 
multiplier comes. instead. as an analog signal and it 
is converted to the digital form by passing the signal 
from the electron multiplier first through an active 
low pass filter. which filters high frequency noise out 
and then. to one of the three channels with different 

sensitivity. The user chooses this channel externally. 
Finally the mass abundance signal is split into two 
channels, with a relative gain of 16: I. This is necess- 
ary because the ten-bit analog to digital converter 

only has a dynamic range of 1000: I. By using the 
two channels, the range is extended to 16,000: 1. Sig- 
nals from these two channels are then converted to 
digital form in the HP 5610A analog to digital con- 
verter. The sampling rate can be externally controlled 
by the HP pulse generator. The maximum sampling 
rate is 100 kHz. 

The computer can control the mass spectrometer 
in two ways. It can start a scan by sending a pulse 
to the scan start circuit. It can also regulate the mag- 
net field directly through a 16 bit digital to analog 
converter. 

COWOUNO t MEGESTROL-ACETATE-MO 

100 4 

DATE I 
RUN N 

3 
25; ‘i.4” 

COLUMN s SE-30 
TEMPERATURES I FLASH HEATER - 240 C 

SPECTAU * 46 C0LUt.W - 230 C 
PEAK THRESHOLD I .o x SEPARATOR - 250 C 

ELECTRON ENERGIES 120. 0 (1) 122. 5 (III 
REL. RET. TIME I 2. 05 I CHOLESTANE 1 

Fig. 2. Example of a computer plot of a back-ground-reduced and normalized mass spectrum of the 
monomethoxime derivative of megestrol acetate (reference standard). LKB 9OOOGC-MS coupled on- 

line to a HP 21OOA minicomputer. 
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Programs for the computer connected to the LKB 
9000. At this stage programs are ready to read, nor- 
malize, print, plot, and store mass spectra. The pro- 
gram MASP transmits spectra from the mass 
spectrometer to the data system. It reads mass 
numbers from the mass marker and follows the mass 
abundance signal from the A/D-converter. Program 
recognizes the peaks in the spectrum, calculates their 
intensity and the corresponding mass numbers. All 
this happens during the scan. Finally, a reduced spec- 
trum is transmitted for storage in the disc memory, 
where space has been reserved for 256 mass spectra 
in the primary file. Program MASP also reads and 
stores all environmental parameters like date, run 
temperatures, retention times etc. 

With the program MASH you can handle mass 
spectra stored in the primary file. Normally it is used 
to print and/or plot mass spectra. Program automati- 
cally subtracts the background and then normalizes 
the intensities. It uses a special routine to convert 
the mass numbers to the right nominal masses. Spec- 
tra can be presented in a tabular form using the tele- 
type or plotted as bar graphs using the plotter. Either 
absolute or relative intensities can be used. 

The system has also a library of mass spectra with 

storage space for 512 spectra. Spectra can be. trans- 
mitted for storage in the library both from the pri- 
mary file and from external sources such as the litera- 
ture. In the latter case teletype input is used. A special 
plot is also available with the library as its source. 
Using this a plot is obtained containing the mass 
spectrum and all the information concerning the cir- 
cumstances under which it has been taken (example 
in Fig. 2). The mass spectra in the library and in 
the primary store are protected. 

The Varian MAT CH7 instrument was equipped 
with a peak-matching device capable of simul- 
taneously monitoring two ions, whose intensity could 

be recorded and amplified independently on a two- 

pen recorder. The instrument was coupled to the data 
system Spectrosystem 100 MS and the programs used 

were those commercially available with this system. 

METHODS 

Method for the determination of 11 estrogens in 

various biological ,jluids 

The method is based on the original gas chroma- 
tographic procedure described by Adlercreutz and 

MASS FRAGMENT0GRAPHIC METHOD FOR THE DETERMINAT- 
ION OF II ESTFIOGENS IN VARIOUS BIOLOGICAL FLUIDS 
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Fig. 3. Flow-diagram of a mass fragmentographic method for the determination of 11 estrogens in 
various biological fluids. 
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Luukkainen[3,4] with some slight modifications. The 

complete CC method with all details will be pre- 
sented in a methodological monograph [S] the publi- 

cation of which has been delayed more than 3 years*. 
In the new procedure the quantitation is carried out 
by mass fragmentography instead of GC with hydro- 

gen flame ionization detection [6]. In the first exper- 
iments no other modifications were made and it could 
be demonstrated that highly sensitive and specific 

measurements of 11 estrogens in plasma, bile and 

urine could be carried out [2,6]. Some attempts were 

also made to simplify the very long procedure by 
excluding a number of chromatographic steps [2]. 

However, further experience with the shortened pro- 
cedure showed that some estrogens could not be mea- 
sured and that for some biological fluids the measure- 
ments did not have the required specificity. Finally 

the method shown in the flow-diagram in Fig. 3 was 

adopted. When compared to the original procedure 
[S] the new one does not contain the two paper chro- 

matographic steps used for the purification of the 
labile ring D-ketolic estrogens. The MF determina- 
tion was carried out as described previously using 

deuterated trimethylsilyl ether derivatives of standard 
estrogens as internal standards [2]. However, peak 

heights instead of peak areas were used for quanti- 
tation. 

Because of the elimination of the paper chroma- 

tographic steps the recovery of unconjugated 
estrogens added to extracts of biological samples after 
hydrolysis increased as compared to the original GC 
procedure, for 16a-hydroxyestrone from 53 to 82x, 
for 16-oxoestradiol from 50 to 76% and for 15~hyd- 

roxyestrone from 59 to 79%. Because the recoveries 

of the other estrogens remained the same as before 
it may be concluded that the accuracy of the method 
increased significantly in the new procedure because 
no mean recovery was lower than 73% (for 17-epies- 
triol) and all fell within the range 73-82x. 

METHOD FOR UNCONJUGATED ESTRIOL IN 
PREGNANCY PLASMA 

ETHER EXTRACTION OF 
100-200 ~1 OF PLASMA 

I 

EVAPORATION ALMOST TO DRYNESS 

I 

ADD 5ml OF BENZENE 

I 

CHROMATOGRAPHY ON ALUMINA 

1 

TMS FORMATION-DEUTERATED 
INTERNALSTANDARD ADDED 

I 
MASS FRAGMENTOGRAPHY ON 
ON A OF-I OR OV- 210 COLUMN 

Fig. 4. Flow-diagram of a mass fragmentographic method 
for the determination of unconjugated estriol in preg- 

nancy plasma. 

* Complete procedure available upon request. 

METHOD FOR UNCONJUGATED AND CON- 
JUGATED ESTRIOL IN PLASMA 

ETHER EXTRACTION OF 
0.5 - 1.0 ml OF PLASMA 

EXTRACTION WITH NaOH 

I 
METHYLATION ( SROWN195;-j7 

MASS FRAGMENTOGRAPHY ON 
A OF -1 OR OV-210 COLUMN 

Fig. 5. Flow-diagram of a mass fragmentographic method 
for the determination of unconjugated and conjugated 

estriol in plasma. 

The sensitiuity of the method is good, in “routine” 

work levels of estrogens down to 20 pg/ml of biologi- 
cal fluid have been determined [2,6] and if optimal 
conditions are employed amounts as low as a few 
picogram per injection may be analyzed [7]. 

The specificity of the original GC procedure has 
been extensively studied with regard to various bio- 
logical fluids [2-5, see also references in 81. When 
the MF technique was applied to pregnancy urine 

it was observed that the measurement of 16-epiestriol 
had probably not been absolutely specific in the ori- 

ginal GC method because a non-steroidal impurity 
with no characteristic MF peaks interfered to some 
extent [2]. The MF measurements of this estrogen 
are not disturbed by this impurity. Generally the 
specificity of MF as compared to GC is better, 
because a characteristic ion is monitored instead of 
the total ion current measured by flame ionization 

detection. 

Methods for the determinatiotl qf’estriol in plasma 

One mass fragmentographic method for the assay 
of unconjugated estriol in pregnancy plasma and 
another for the measurement of unconjugated and 
conjugated estriol in plasma after estrogen 
administration have been developed [9]. The methods 
are presented in flow-diagrams in Figs. 4 and 5. The 
reliability of the procedures has been evaluated and 
the results have been presented previously [9]. 

Method@ the determinatiotl of megestrol acetate it1 
plasma 

The procedure is presented in a flow-diagram 
shown in Fig. 6. The details of the procedure and 
the results of the evaluation of its reliability have 
been presented previously [IO]. 
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METHOD FOR MEGESTROL ACETATE IN PLASMA 

ADD MEDROXYPROGESTERONEACETATE INTER- 
NAL STANDARD TO 1-2 ml OF PLASMA 

I 
I 

EXTRACTION WITH ETHER-CHLORO~RM(3:l”~) 
WASHING WlTH WATER 

I 
EVAPORATION OF SOLVENT 

MASS FRAGMENTOGRAPHY 
ON AN SE- 30 COLUMN 

Fig. 6. Flow-diagram of a mass fragmentographic pro- 
cedure for the determination of megestrol acetate in 

plasma. 

Method for the isolation of‘ megestrol acetate and its 

~etaholites from urine 

Megestrol acetate and its metabolites were isolated 
from a IO-day urine pool collected from a postmeno- 
pausal woman who had received 1OOmg of the drug 
per day over the collection period. A 6 1 sample from 
the pool was analyzed according to the flow-diagram 
presented in Fig. 7. Two litre portions were chroma- 
tographed on Amberlite XAD-2 according to the 
method of Bradlow[ 111. The combined residues were 
chromatographed in two equal parts on 100 g Amber- 

METHOD FOR MEGESTROL ACETATE METABOLITES IN URINE 

A~E~RL~-XAD2 column 
I 

/AM~ERLYST-IS column J 
I 

SEPHADEX LH-20 column 

~N~~~~~~D+ 

I 
SOLVENT 

j MONOSULPHATES DISULPHATES 

PARTITION I I 

I 
soLvoLYsIs 

GLUCUR~NIDES 

KETODASE 

UNCONJUGA~D 

1 SILICIC ACID CROMATOGRAPHY 

I 
TLC 

1 
1 

Fig. 7. Flow-diagram of the method used for the isolation 
and identification of megestrol acetate and its metabofites 

in urine. 

lyst I5 columns (15 mm dia.), the resin was prepared 
and elution based on the method of Viinikka and 
Jlnne[12}. The material was then chromatographed 
on two 20g Sephadex LH-20 columns [Ii] and un- 
conjugated plus glucuronide, monosulphate and di- 
sulphate fractions collected [14]. The appropriate frac- 
tions were pooled and further purified by a second 
Sephadex LH-20 chromatography. The unconjugated 
plus glucuronide fraction was then fractionated 
between 8.4% (w/v) NaHCO, and ethyl acetate [ 141. 
Thereafter the ~u~uronide fraction was hydrolyzed 
with ketodase and the mono- and disulphate fractions 
were solvolyzed as described by Jiinne et aI.[15]. All 
the fractions were then fractionated by silicic acid 
chromatography on 3 g columns (210 x 6mm) [13]. 
The silicic acid fractions obtained from the unconju- 
gated and glucuronide conjugated steroids were 
further purified by thin-layer chromatography (20 x 
2Ocm. silica gel 60Fzs4 precoated plates, E. Merck, 
Darmstadt, Germany, solvent system: chloroform: 
acetone, 9:l (v/v). 3 developments, running distance 
12 cm.). After development each plate was divided 
into four 3 x 20cm. areas, starting just behind the 
origin and each area scraped and the gel eluted with 
chloroform and methanol. 0-Methoxime trimethyl 
silyl ethers of all fractions were now prepared and 
the fractions screened by GCMS on a 1% SE-30 
column, temperature 230-240°C. 

Method for the dete~~i~lafio~l qf gll~cu~o~7idl~ and molto- 

pupate c5~~~gated i 7-ketosteroids ill plasma 

Plasma samples 05 ml were diluted with 4.5 ml of 
@ 1 mol/I NaOH in physiological saline, 50 ~1 aliquots 
of [3HJ-testosterone glucuronide and [3H]-testoster- 
one sulphate (each containing ca. 50,000c.p.m.) in 
methanol were added, and the samples sonicated for 
15 min (see flow-diagram in Fig. 8). The samples were 
then applied to 3 cm. x 1 cm. Amberlite XAD-2 
columns. The columns were washed with distilled 
water until the effluent was neutral and the steroids 
were then eluted in 5 ml of methanol [ 167. The dried 
extract was ~hromatographed on 20g Sephadex LH- 
20 columns in chloroform~methanol (1: I v/v) con- 
taining 0.01 mol/l NaCl [13]. The columns were 
eluted with the same solvent and fractions between 
40 and 140 ml and 140 and 240 ml collected. The frac- 
tions were evaporated to dryness and the first, con- 
taining the glucuronide conjugated steroids (the un- 
conjugated steroids were also contained in this frac- 
tion, but because of their low concentration they were 
not removed by a solvent partition) was subjected 
to Ketodase hydrolysis. The second fraction contain- 
ing the monosulphates was solvolysed [15]. In both 
cases the liberated steroids were then chromato- 
graphed on ZOOmg silicic acid columns (0.6 x 
45 mm). The steroids were applied to the column in 
0.5, 05 and 1 ml 4% ethyl acetate in toluene. The 
column was then eluted with a further 2 ml of the 
same solvent (fraction I), 4ml of 10% ethyl acetate 
in toluene (fraction 2), in which the l7-ketosteroids 
were eluted and 4ml of ethyl acetate (fraction 3) in 
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METHOD FOR CONJUGATED KETOSTEROIDS 

IN PLASMA 

DILUTE PLASMA WITH 0.1 N 
NaOH / saline-ADD RADIOACTIVE 
INTERNALSTANDARDS-SONICATE 

[ AMBERLY XAD-2 1 

Fig. 8. Flow-diagram of a mass fragmentographic method 
for the determination of glucuronide and monosulphate 

conjugated 17-ketosteroids in plasma. 

which the C3H]-testosterone was eluted. An aliquot 
of fraction 3 was counted for recovery correction. 
Suitable amounts of Sa-dihydrotestosterone and tes- 
tosterone were then added to fraction 2 as internal 
standards for mass fragmentography and the samples 
silylated. The samples were analyzed by mass frag- 
mentography on a 3% OV-210 column by monitoring 
m/e 347 for androsterone, etiocholanolone, epiandros- 
terone and Sa-dihydrotestosterone (M- 15) and m/e 
360 for dehydroepiandrosterone and testosterone 
(molecular ion). The energy of the bombarding elec- 
trons was 22.5 eV. 

p911 

J 
9.59 

10 134.41 

The recoveries of the radioactive internal standards 

after the silicic acid chromatography step were 

65.4 _t 8.8% (mean + S.D.) for the monosulphates 
and 67.7 + 4.5% (mean f. S.D.) for the glucuronides. 
The srrwitiuity of the method is of the order of 5- 
10 pg per injection for androsterone and epiandroster- 
one and 50-100 pg per injection for dehydroepian- 
drosterone. The precisiorl based on the determination 

of these steroids in six 1 ml samples of plasma from 
a normal female plasma pool (mass fragmentography: 

mean of duplicate determinations used for calcula- 

tion) ranged from 5.9 to 8.4% for the monosulphates 
and was 11.3% for androsterone glucuronide. The 

specificity of the method is based (1) on the proven 
Sephadex LH-20 group separation of neutral steroid 
glucuronides and monosulphates, (2) isolation of the 
steroids being analyzed as a group by silicic acid 

chromatography, and (3) their identification on the 
basis of relative retention time and response when 

m/e values characteristic of their fragmentation were 
monitored. 

RESULTS AND DISCUSSION 

The aim of this presentation is to demonstrate the 

usefulness of GC-MS and of MF in the identification 
and especially the quantitation of natural and syn- 

thetic steroids in biological material. The methods 
presented have been and are being used to solve a 
variety of biological and pharmacological problems. 

A number of examples of the use of these procedures 
are given below and the order of presentation is the 

same as in the methods section. 

Estrogerls irl various hioloyical ,fluids 

Es&one, estradiol-17/3, estriol and a variety of 

“nonclassical” estrogens have been identified by GC- 
MS and determined in pregnancy urine, cord plasma. 
amniotic fluid [ 17, 181, pregnancy bile [S] and plasma 
[ 17- 193 and placental tissue [20] using GC. However, 
in order to quantitate some of the estrogens present 

_ 7.06 6.99 
125.31 125.01 

E3 2HcE, E2-17a 17apiE3 lbeOHE, lSaOHEl 

EI . E2-17B 16cpiE3 16aOHE, l60xoE2 

Fig. 9. Pattern of unconjugated estrogens determined in a pool of late pregnancy plasma. The con- 
centration and the relative proportion of each estrogen (in per cent of total estrogens determined, 
in parenthesis) are shown on the top of the bars. Abbreviations: E 3 = estriol; El = estrone; 2MeE, = 
2-methoxyestrone ; E,-17/j’ = estradiol-17/j’; Ez-17a = estradiol-17a; 16epiE, = 16-epiestriol ; 
I7epiE, = l7-epiestriol; 16aOHE, = 16~hydroxyestrone; 16flOHE, = 16b-hydroxyestrone; IboxoE, 

= 16-oxo-estradiol-178; 15aOHE, = 15cr-hydroxyestrone. 
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60 26.3 
I 110.71 

E3 Z&E, E2-17a 17cp1E3 ISPOHE, 16UOHE, 

El E2-17P 16cpiE3 ISQOHE, l60xoE2 

Fig. 10. Pattern of conjugated estrogens determined in a pool of late pregnancy plasma. The con- 
centration and the relative proportion of each estrogen (in per cent of total estrogens determined, 

in parenthesis) are shown on the top of the bars. For abbreviations, see legend to Fig. 9. 

in very low concentration in plasma, by GC, large 
pools (10+2OOml) are needed [19]. For radioim- 
munoassay only small amounts of plasma are 
required but methods have only been described for 
the determination of two “non-classical” unconju- 
gated estrogens: 2-hydroxyestrone [21] and 15~hyd- 
roxyestriol [22,23]. The MF method developed has 
for the first time permitted the analysis of up to 11 
unconjugated and conjugated estrogens in 20ml of 
pregnancy plasma [Z]. The results of the analysis of 
a pooled specimen obtained from women in late preg- 
nancy are shown in Figs. 9 and 10. In this sample 
pool the most abundant unconjugated estrogen is 
estradiol, followed by estriol and estrone. The ring 
D cc-ketolic unconjugated estrogens occur in con- 
centrations about half or less than half of those 
reported for 2-hydroxyestrone (2pg/l) [21] and 1%~ 
hydroxyestriol (2 pg/‘l) [22,23]. The most abundant 
conjugated estrogen in pregnancy plasma is estriol, 
followed by I6cc-hydroxyestrone, estrone and 16- 
oxoestradiol. The pattern is very different from that 
seen in pregnancy urine [ 171. Unfortunately the pro- 
cedure is still too elaborate to permit serial deter- 

mination of these estrogens in pathological pregnan- 
cies. It would be of great interest to investigate 
whether specific alterations in the pattern can be seen 
in selected well-defined pathological cases. 

In connection with our continuing studies on the 
enterohepatic circulation of estrogens we have used 
the mass fragmentographic method to determine 11 
estrogens in human non-pregnancy bile samples (SC 
100 ml) obtained by T-tube drainage of the main bile 
duct after cholecystectomy. The mean concentrations 
of the 1 I estrogens in bile from four postmenopausal 
women are presented in Fig. 11. Two estrogens pre- 
dominate: 16cc-hydroxyestrone and estriol. All I I 
estrogens could be detected and all except estradiol- 
17~ were conclusively identified by GC-MS when a 
larger pool was analyzed. With the exception of the 
three “classical” estrogens [24], the presence of these 
other endogenous estrogens has not previously been 
demonstrated in the bile of non-pregnant individuals. 

In Fig. 12 the results of two analyses of the I I 
estrogens in two bile samples obtained at different 
times on the same day from a 66-year-old male 
patient are given. As can be Seen in this case also, 

10 II 

E3 ZMeE, 62-17~ llepi E3 16#8OHE, lScOHE, 

61 E2-174 16epiE3 IGaOHE, 160xoE2 

Fig. 11. Pattern of conjugated estrogens in bile of four postmenopausal women (mean values shown 
on the top of the bars). For abbreviations see legend to Fig. 9. 
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E3 2MeE, E2-17‘X 17epiE3 16/3 OHE, lSaOHE, 
El 62-176 16epiE3 16C7OHE, l60mE2 

n.m.=not measured 
Fig. 12. Pattern of conjugated estrogens in bile from a 66-year-old male. The results of hvo analyses 
in separate bile samples obtained during the same day are shown and the mean values indicated 

on the top of the bars. For abbreviations, see legend to Fig. 9. 

the concentration of I6cc-hydroxyestrone is higher 
than that of any of the other estrogens. Estradiol-17cr 

could not be measured on account of the high back- 
ground noise. The differences between the values in 
the two samples are not significant. 

A remarkably high concentration of estriol (43.8 pg/ 

1) and a relatively low concentration of 16cc-hydroxy- 
estrone was found in the bile of a 36-year-old man 

(Fig. 13). In a previous, study using a calorimetric 
technique the highest concentration of estriol (12.2 pg/ 

1) in male bile was found in a 69-year-old man. In 
general, the values obtained with MF for estrone, 
estradiol-17P and estriol in bile from men and post- 
menopausal women agree surprisingly well with those 

obtained more than 12 years ago using a calorimetric 
procedure [24]. At that time 100 ml bile samples were 
used. With MF it is not necessary to use such large 
amounts of bile if only the “classical” estrogens are 

43 

1 

10 

1 

5 

0 
E3 

analyzed. However, because some estrogens occur in 
concentrations lO@lOOO times less than estriol it is 

advantageous to use 50 ml samples for the MF analy- 

sis. 
Analyses of 1 I estrogens have also been carried out 

on 50 ml samples of urine from non-pregnant women 
[2]. All 11 estrogens could be determined, many of 
them for the first time. 

An evaluation of the possibility of using plasma 
estriol MF assays for monitoring fetal well-being has 

been carried out [9]. It was observed with the limited 
material investigated (30 patients) that the correlation 
between fetal well-being and plasma estriol values was 
good. However, the MF procedure is still not simple 
enough to be adopted for routine use A chroma- 
tographic step seems necessary in order to allow 
measurement of low concentrations, rending the 

method less practical. Some other problems are also 

1.17 

-I-_ 
El 

2.67 

1.16 

2MEE, E2-17U 17epiE3 16@ OHE, lSaOHE, 
62.170 16epiE3 IBaOHE, l60xoE2 

Fig. 13. Pattern of conjugated estrogens in bile from a 36-year-old male. The values are indicated 
on the top of the bars. For abbreviations, see legend to Fig. 9. 
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encountered in such clinical assays, one of them being 
the fact that no presently available CC-MS can be 
kept running on a daily basis without interruptions 
for repairs, an essential requirement when monitoring 
fetal well-being. 

Some examples of the results of our estriol analyses 
are given in Table 1. As can be seen the values are 
lower than those reported in the literature with one 
exception, [32] and obtained using various competi- 
tive protein binding methods (see Table 2). The rea- 
son for this is most probably the presence of many 
other estrogens in plasma which may interfere with 
the latter methods. To present a view of the extent 
of this problem the approximate concentration of bis- 
and tri-hydroxylated estrogens in late pregnancy 
plasma are shown in Table 3. 

In our studies on pregnancy plasma the shorter 
estriol method was utilized. The method including the 
methylation step has been used in pharmacological 
studies on the luteolytic effect of estriol after 

Table 3. Lxst of estrogens known to be present in pregnancy plssma 

and which may interfere wxth estriol assays 

Steroid Appr0XilMte Method R&rl!IlP4 

concentration used for 

in late pregnancy assay1 

lleil 

2-hydroxyesfrone 2.0 

,!?a-hydmn/estrone 0.8 

I&-hydroxyestrone 1 .O 

16+bydroxyesrfone 0.9 

f6-oxo-estradiol-178 0.6 

16-epiestrlol 0.6 

I?-qwstriol 0.1 

15whydroxyestriol 2.0 

TOtal 8.0 

1 RIA = rad.oummmoassay 

m.f. = mass fragmentography 

RIA Pil 

m.f. I21 
m.f. D.1 

m.f. PI 

m.f. PI 

m. f. PI 

m.f. 81 
RIA B2,233 

administration of various amounts of this compound 
(Vlhlpassi and Adlercreutz, unpublished). Con- 
tinuous oral administration of 6, 20 or 40mg of 
estriol in the morning to normal women resulted in 
increasing values for conjugated estriol with increas- 
ing dose, but the values for unconjugated estriol mea- 
sured in morning samples remained remarkably con- 
stant (Table 4). In order to investigate this problem 
further, large single doses of estriol (40 and 60mg) 
were administered orally to normal women. It was 
found that the peak concentration of unconjugated 
estriol is followed over the next 2-4 h by a rapid de- 
crease to a steady state level but that the conjugated 
estriol concentrations decreased very slowly and were 
still high 24 h after ingestion of the dose (example in 
Figs. 14 and 15). This phenomenon explains why the 
concentration of unconjugated estriol (measured in 
the morning before the next dose of estriol) is always 
similar after continuous oral administration of 6- 
40mg doses of estriol per day, despite the fact that 
the level of conjugated estriol is related to the dose 
administered. 

Megrstrol acetate in plasma 

Plasma concentrations of megestrol acetate have 
been determined in female subjects treated with this 
progestin for carcinoma corporis uteri. These studies 
have been presented previously [lo]. In this connec- 
tion the use of MF for the evaluation of the specificity 
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Fig. 14. Plasma level of unconjugated estriol in a normal woman following a single oral dose of 
60 mg of estriol (according to Vahapassi and Adlercreutz, unpublished). 

of a radio~unologi~l (RIA) method for this 
steroid are described. Such comparisons have been 
carried out previously in connection with develop- 
ments of a radioimmunological method for estradiol 
[333 and MF methods for testosterone and progester- 
one [34] and the results obtained in both investiga- 
tions showed good agreement between the two types 
of procedure. However, when megestroi acetate in 
plasma was measured using an antibody raised 
against medroxyprogesterone acetate-3-(O-carboxy- 
methyl)-bovine serum albumin it was found that after 
the administration of a megestrol acetate load the 
values obtained by RIA were much higher than those 
obtained by MF especially in later samples. An 
example of such an investigation is shown in Fig. 16. 
It should be mentioned that in untreated subjects no 
cross-reacting steroids were detected in plasma and 
thus the cross-reacting compound probably is a meta- 
bolite of megestrol acetate (see also next paragraph). 

PQP 

lO@- 

ao- 

60- 

40- 

20 

~ 

6omg 
ESTFUOL 

o- 12 15 18 21 24 03 06 09 
TIME(hoursl 

The higher values obtained by radioimmunoas~y 
{vs MF) suggested that a metabolite of megestrol ace- 
tate builds up in the blood especially at later stages 
after its administration and contributes to the RIA 
but not to the MF determination. No metabolites of 
megestrol acetate (MA) have yet been identified in 
plasma but as a preliminary step to looking for them 
it was decided to investigate the GC-MS properties 
of the urinary metabolites. Cooper and Kellie[35] iso- 
lated and identified the following metabolites as glu- 
curonide conjugates from urine after oral 
administration of megestrol acetate to women: 2c+ 
hydroxy MA (17~-acetoxy-2~-hydroxy-6-methyl~.~ 
pregnadiene-3,2~dione~ 6-hydroxymethyl MA (17x- 
acetoxy-6-hydroxymethyl-4,6-pregnadiene-3,2O-dione) 
and 2a-hydroxy-6-hydroxymethyl MA (17cc-acetoxy- 
6 - hydroxymethylpregna - 4,6 - diene - 3,20 - dione). 
No standard samples of these compounds are, how- 

Fig. 15. Plasma level of conjugated estriol in the same woman as in Fig. 14 following a single orai 
dose of 60 mg of estriol (according to VahIpassi and Adlercreutz, unpublished). 
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Fig. 16. Plasma concentration of megestrol acetate following a single oral dose of 50 mg of the steroid. 
Two different methods were used (RIA = radioimmunoassay; MF = mass fragmentography). 

ever, available. In addition to the latter three com- 
pounds these authors detected two more polar com- 
pounds (probably tri- and tetrahydroxy substitued) in 
the glucuronide fraction and 6-hydroxymethyl MA 
and other more polar compounds in the unconju- 
gated steroid fraction [35]. 

In the present study the most prominent com- 
pounds detected were megestrol acetate and two 
monohydroxy substituted metabolites in the unconju- 
gated steroid fraction and the same two monohydrox- 
ylated metabolites in the glucuronide fraction. These 
two metabolites were detected and partially charac- 
terized on the basis of the mass spectra of their meth- 
oxime-silyl derivatives which are shown in Figs. 17 
and 18. Compound 1 (Fig. 17), the metabolite 
detected in highest concentrations (unconjugated frac- 
tion) has a molecular ion of m/e 501, the expected 
molecular weight of a monohydroxylated MA-meth- 
oxime-trimethylsilyl ether derivative, a base peak at 

COtWOLlNtl : COMPOUNOnl 

m/e 308 (M-103 + 90) and other significant peaks at 
m/e 486 (M-15), 470 (M-31, rupture of the N-O bond 
in the methoxime group), 441 (M-60, loss of the ace- 
tate group), 41 I (M-90, loss of trimethylsilanol), 398 
(M-103. loss of both C,,a + b side chains (tentative)), 
380 (M-90 + 31) and 320 (M-90 + 60 + 31). As the 
spectra of both megestrol acetate and medroxyproges- 
terone acetate methoxime derivatives are dominated 
by M-103 base peaks it is felt that in these and the 
metabolite spectra shown, this ion represents the frag- 
ment left after loss of the C,,a + p side chains. The 
spectrum of the second monohydroxylated metabolite 
detected, compound II contrasts strikingly with that 
of the first. It has the same molecular ion and base 
peak but lacks all the fragment ions seen in the first 
to which the scission of the N-O bond in the methox- 
ime group contributed (M-31, -3 1 + 90, -31 + 60 + 
90) and in their place one sees fragments arising from 
the loss of a second group with an m/e value of 

308 

I320 3.90 

UATE I 27. 03. 74 COLLIMU : SE30 
RUN NAM I MA6 TEMPERATURES : FLASH HEATER - 246 C 
SPECTRUM n 162 COLUKN - 235 C 
PEAK THRESHOLD t . 0 % SEPARATOR - 250 C 

ELECTRON ENERGIES 120. 0 (1) 122. 5 III1 
REL. RET. TIM s 2. 65 I CHOLESTAN ) 

Fig. 17. Mass spectrum of the monomethoxime trimethylsilyl ether of Compound I, a monohydroxy- 
lated metabolite of megestrol acetate isolated from both the unconjugated and glucuronide fractions 
of urine. The subject a postmenopausal woman received 1OOmg of megestrol acetate daily for 10 

days. 
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COMPOUND : COMPOUNOrl2 

308 

330 

EIiENnJ7; OS&7 4 COLUMN : SE-30 
TEMPERATURES : 

SPECTRUM ff 206 
FLASH HEATER - 240 C 

PEAK THRESHOLD : 
COLUMN - 235 C 

. 0 %  SEPARATOR - 24s c 
ELECTRON ENERGIES : 20. 0 (1) /22. 5 (1 II 
REL. RET. TIME : 2. 89 I CHOLESTANE J 

Fig. 18. Mass spectrum of the monomethoxime trimethylsilyl ether of Compound II, a second mono- 
hydroxylated metabolite of megestrol acetate isolated from both the unconjugated and glucuronide 

fractions of urine. 

103: m/e 338 (M-103 + 60) and 295 (M-2 x 103) and 
a more prominent fragment at m/e 103. If compound 
II was 6-hydroxymethyl MA loss of the -CH,-O- 
Si(CH,) group from C, would be a very likely source 

of the second M-103 fragmentation. Fragments aris- 
ing from the loss of 103 mass units are seen in the 
TMS ethers of primary alcohols [36] and of steroids 

with a C,,-hydroxyl group (371 or C2, steroids with 
a C,,-hydroxyl group [38]. Peaks at m/e 103 and 
fragments arising from the loss of 103 mass units are 
seen in the spectra of I~-hydroxyandrosterone TMS 

and MO-TMS ethers [39]. Thus it is very possible 
that compound II is in fact h-hydroxymethyl MA. 

The mass spectrum of compound I contains a sig- 
nificant peak at m/e 486 (M-15) which is absent in 
the spectrum of compound II. This may be of some 
diagnostic significance. The TMS ethers of both 2& 
hydroxytestosterone [40] and a steroid tentatively 
identified as 2~,3~-dihydroxy-5~-pregnan-2O-one [4i] 
both give base peaks at M-f_% In the MO-TMS ether 

of the former, however, the significance of the M-15 
fragment is reduced in favour of an M-31 fragment 
1401. If the same association exists between the TMS 

and MO-TMS ethers of compound I it should be 
of significance and indicate the prescncc of a silylated 
2-hydroxy group. 

For a plasma metabolite of megestrol acetate to 
interfere with the MF determination of megestrol ace- 
tate it would have to be unconjugated. It is likely 
that the two compounds described are eluted with 
MA in the purifying Adsorbosil chromatographic 
step. However, the relative retention times (to choles- 
tane) on SE-30 liquid phase of all metabolites so far 
detected are >2,.5 whereas that of MA is about 2.0. 
in addition the sensitivity of detection for these com- 
pounds when monitoring m/e 310 would be extremely 
low relative to MA and thus they cannot interfere 
with the MF assay. The possible contribution of such 
metabolites to the RIA remains open. However, 
because the antibody used was raised against medroxy- 
progesterone acetate-3~0-~r~xymethyl)-BSA it 
could not very easily differentiate against compounds 
with substitutions at positions close to the 3-0x0 

group. It is therefore very likely that it cross-reacts 
with these metabolites if they are present in plasma. 

Glucuro/lidc md rnommdpllutr coajugutrd I l-krtostrr- 

aids irl peripheral md portul u&z plusm 

In this study MF was assessed as an alternative 
to CC in a situation where plasma sample size was 

limiting. The concentration of dehydroepiandros~r- 
one-, androsterone- and epiandrosterone-monosul- 
phate and androsterone-glucuronide were determined 

in simultaneously drawn peripheral and portal vein 
blood samples. The material consisted of samples 
from five postmenopausal women but on account of 
its limiting size the material was pooled into portal 
vein and peripheral vein pools and triplicate deter- 

minations carried out on each. 
The method used is similar in all respects to those 

described in the literature for the determination of 

conjugated steroids in biologi~1 fluids [13,15.42] 
with the exception that the Amberlite XAD-2 method 
described by Makino and Sjiivallf 161 for bile acid 
extraction from plasma was successfully used for 

extracting the Clc,02 steroid conjugates. Under the 
conditions used (3:‘; OV-210, 2lO-270°C) no etiocho- 
lanolone peak was obvious in the monosulphate frac- 
tions but etiocholanolone was detected in the glucur- 
onide fractions. Its concentration was of the order 

of Ij2Otb or less times the androsterone concentration 
and no attempt was made to quantitate it. Similarly, 
the small amounts of dehydroepiandrosterone in the 
glucuronide fraction were not quantitated. The peri- 
pheral and portal vein levels of the conjugated keto- 
steroids measured are very similar (Fig. 19). The peri- 
pheral levels of dehydroepiandrosterone sulphate in 
the pool were similar to the mean values reported 
by Buster and Abraham[43] and by Vihko[42] for 
groups of postmenopausal women. The androsterone- 
and epiandrosterone-sulphate levels are also similar 
to those reported by Vihko[42]. Androsterone was 
the principal steroid found in the glucuronide frac- 
tion. No differences were seen between the peripheral 
and portal pool values. Dehydroepiandrosterone and 
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0 
DHEA-S E~iand--S 

Androstemne-S Andmsterone-G 

Fig. 19. The levels of 17-ketosteroid monosulphates and 
androsterone glucuronide in portal and peripheral venous 
plasma pools from postmenopausal women (according to 
Martin, Rim&. SjGberg, Lindstrijm and Adlercreutz. 

unpublished). 

etiocholanolone were also detected in these fractions 
but were not measured. 
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