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SUMMARY 

In vitro steroid biogenesis by human polycystic ovaries has been investigated in four patients. Aliquots 
from each ovarian homogenate were incubated in oitro with tritiated pregnenolone, dehydroepiandro- 
sterone and androstenedione., Labeled metabolites were isolated and identified by crystallizations to 
constant S.A. 

The general pattern of steroid metabolism in those four cases is very similar to that reported from 
incubations of normal ovarian tissue. It should be noticed particularly that significant amounts of 
oestrone and oestradiol were recovered from each incubation, whatever the substrate. This Ending 
does not match with a lack of aromatization, therefore it is suggested that such enzyme deficiencies 
in the polycystic ovaries are not so common as it is generally assumed in the literature. 

A ratio of oestrone to oestradiol lower than one was observed in most of the polycystic ovary 
incubations, whereas in normal ovaries that ratio is usualy higher than one. That trend is the only 
descrepancy that is suggested by the comparison between normal and polycystic ovaries. However, 
such difference could be the result rather than the origin of the menstrual cycle disturbance. 

INTRODUCTION 

The endocrine disorders associated with polycystic 
ovarian disease are characterized by an increase of 
serum LH with subnormal FSH, persistenly low 
estradiol and progesterone and a high level of serum 
testosterone. That peculiar picture can be observed 
in patients consulting for secondary amenorrhea, 
obesity, sterility and hirsutism, and presenting micro- 
polycystic ovaries. It is assumed that the feed-back 
mechanism controlling the menstrual cycle is im- 
paired. However, the origin of this disturbance 
remains doubtful. 

Enzymatic defects of the ovarian steroidogenesis, 
similar to those observed in the congenital adrenal 
hyperplasia, has been proposed as an “explanation” 
for the hyperandrogenia [l]. Mahesh and .Green- 
blatt[2] have suggested a defect of the 3/&hydroxy- 
steroid dehydrogenase, but such a metabolic block 
should induce a decrease rather than an increase of 
Serum testosterone [3]. For Axelrod and Gold- 
zieher[4] the accumulation of C-19 metabolites and 
the lack of estrogens arises from a deficiency of the 
aromatizing capacity. However the estrogen level 
measured in the serum or the urine from these 
patients can hardly be explained only by the peri- 
pheric aromatization of neutral steroids [l, 21. 

The present investigation was undertaken with the 
intention to trace the pattern of estrogen biogenesis 
by the polycystic ovary in vitro. 

* From the Radiochemical Center, Amersham, England. 
t From NEN Chemicals Gmhb, Freieichenhain, West 

Germany. 

EXPERIMENTAL 

Clinical material. Ovarian tissue was obtained from 
five patients, four of them presenting clinical and bio- 
logical evidence of “Stein Leventhal syndrome” 
(spaniomenorrhoea, obesity, hirsutism, increased 
basal level of serum LH with a normal FSH and ele- 
vated testosterone). This was confirmed by the typical 
aspect of micropolycystic ovaries. The last patient was 
a normal woman with regular ovulatory cycles. 

Trivial names. Androstenedione (4-androstene-3, 
17-dione), dehydroepiandrosterone (3/.?-hydroxy-5- 
androstene-17-one), 17a-hydroxyprogesterone (17~1- 
hydroxy4-pregnene-3, 20-dione), oestradiol (1, 3, 5 
(lo)-oestratriene-3, 17j-diol), oestriol (1, 3, 5 (lC+oes- 
tratriene-3, 16a, 17fl-triol), oestrone (3-hydroxy-1, 3, 5 
(lo)-oestratrien-17-one), pregnenolone (3fi-hydroxy- 
5-pregnen-20-one), progesterone (4pregnene-3, 20- 
dione) and testosterone (17/?-hydroxy-4-androsten-3- 
one). 

Labeled steroids. The following labeled steroids 
were incubated in vitro: [7-3H]-androstenedione 
TRA-164* (S.A. 10.6 Ci/mmol), [7-3H]-dehydroepi- 
androsterone NET-033t (S.A. 14.4 Ci/mmol) and 
[7-3H]-pregnenolone NET-039t (S.A. 19.8 Ci/mmol). 
Tracer amounts of [4-14C] steroids? were used for 
the detection of metabolites on chromatograms: 
androstenedione NEC-136, dehydroepiandrosterone 
NEC-206, oestradiol NEC-127, oestriol NEC-565, 
oestrone NEC-512, progesterone NEC-081 and testo- 
sterone NEC-101. Priar to incubation, 10 @i of each 
tritiated labeled steroid, in benzene-ethanol mixture, 
were added to separated incubation vials, after evap- 
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Table 1. Identified material, expressed as percent of incubated material and corrected for rneth~olo~c~ losses 

EXpeClIetlt 

Incubated steroid 

Polycystic ovaries Normal ovary 
1 2 3 4 5 

AsPt DHA A A&‘: DHA A 6.a DHA A A,Pt A DUA A 

Oestrone (OE,) 1.81 9.73 5.93 0.23 0.86 0.89 0.63 2.42 1.30 0.12 2.21 0.71 7.50 
O&radio1 (OE,) 5.25 13.39 7.58 0.32 1.69 1.89 1.94 4.17 3.86 0.11 1.57 o.so 0.68 
OE,IOE, 0.34 0.73 0.78 0.72 0.51 0.47 0.33 O.S8 0.34 1.09 1.41 1.42 II.03 
Androstekdionc (A) 4.77 12.20 12.90 27.38 17.84 32.49 1.24 0.87 
Testosterone (T) 

A/T 
Dehydroepiandrosteronc (DHA) 

Progesterone 
17a-Hydroprogcsterone 

(1.97)* 0.89 1.48 (0.68). 3.09 3.65 (0.46)’ (0.09). 2.30 (0.18)’ 2.89 
2.42 13.71 18.97 8.86 38.78 361 6.89 

--,-t -t 4.60 
1.66 (0.44). 1.15 

(0.02)* 

* Values in brakets represent an estimation when constant SA could not be achieved. Ratios estrone/estradiol and 
androst~edione/t~tost~one are also represented. t Undetectable. $ Pregnenolone. 

oration to dryness, the radioactive material was dis- 
solved in 100~1 of absolute ethanol. 

Measurement of radioactivity. Tritium and carbon 
fourteen were measured simultaneously with a three- 
channels liquid scintillation spectrometer Packard* 
model 3380. Water soluble radioactive material was 
counted in Instagel* and toluene soluble radioactivity 
in Permafluor*-toluene mixture (1: 25, v/v). For the 
determination of S.A., crystals and mother liquors 
(approximatively 1 mg) were dissolved in 0.5 ml of I 
ethanol prior to the addition of scintillation mixture. 

~~~~ut~~~. Wedge resection of both ovaries was, 
performed at laparotomy. A slice was cut off for path- 
ology and the remaining tissue (4.4-6.6 g) was com- 
bined for incubation. This material was homogenized, 
with an Ultra-Turax mixer in six vols of buffer 
(0.05 mol phosphate buffer with 0.25 mol sucrose and 
0.04mol nicotinamide). The homogenate was then 
divided in three aliquots, each of them was transferred 
in an incubation vial containing one of the tritium 
labeled steroids. Incubations were run at 37°C with 

: air as the gas phase, in a Dubnoff incubator. Ten 
mmol of ATP and NADP were added to each vial 
at the canning of the in~bation. After four h, incu- 
bations were stopped by addition of four vols of eth- 
anol and the samples were stored at - 32°C until pro- 
cessing. 

Extraction and isolation of metabolites. After centri- 
fugation, the supernatant was collected, evaporated 
to dryness and submitted to a partition between pen- 
tane and 90% methanol. Pentane was discarded and 
after evaporation of the methanol, the ether soluble 
(unconjugated) and water soluble (conjugated) radio- 
active material was separated according to Mikhail~ 
et aL[S]. The unconjugated fraction was submitted 
to a phenolic partition with back wash using 1N 
NaOH and toluene. The NaOH fraction was taken 
to pH 8.5 with 6N HzS04, and steroids were re- 
extracted by ether. 

Identification of metabolites. After further purifica- 
tions by chromatography (see below), final identifica- 

*Packard Instrument Company Inc., Downers Grove, 
IL 60515, U.S.A. 

t From Pharmacia, Uppsala, Sweden. 

tion was achieved by addition of the appropriate car- 
rier and crystallization to constant S.A. Usually the 
material was acetylated prior to the third crystalliza- 
tion. Conversion rates were calculated on the basis 
of the mean value of the two last crystals and mother 
liquors. 

RESULTS 

1. Unconj~ated material and phenofic partition 

After the ether-water p~ition some 5% of the 
radioa~ivity remained in the water phase (l&-13.8%), 
this material was not analyzed. In the unconjugated 
(ether soluble) fraction, the phenolic material ranged 
from 2.8 to 43x, with a mean value of 11%. Only 
a part of this phenolic-like material could be identi- 
fied as oestrone and oestradiol. 

2. Isolation and identification of oestrogens 

The metabolites present in the phenolic fraction 
were separated by chromatography on celite cohmm 
according to Siiteri[6] using the system n-hexane 
ethyl a~tat~meth~ol-its (17:3:7:3, by vol.). 
Oestrone, and oestradiol were collected separately, 
mixed with tracer amounts of the appropriate 
[4-14C]-oestrogen and purified by chromatography 
on Sephadex LH-2q in benzene-methanol (85:15, 
v/v) (Carr et a1.[7]) prior to crystallization. As shown 
on the table, aromatization of neutral precursors into 
oestrone and oestradiol occurred in all incubations. 
Each individual ovary shows roughly the same con- 
version rate whatever the substrate, but large vari- 
ations appear from one ovary to the other. The ratio 
oestrone/oestradiol from polycystic ovary incubations 
is usualy lower than one while that from the normal 
ovary is higher. 

3. Isolation and id~tl~cut~n of neutral metabolites 

(a) From androstenedione. The neutral fraction was 
mixed with tracer amount of [4-14Cj-testosterone, 
‘purified by chromatography on Sephadex LH-20 
(n-hexane-benzene-methanol 80: 15: 5, by vol.) and 
crystallized to constant S.A. 

(b) From dehydroepiandrosterone. Alter addition of 
[4-‘4C]-androstenedione and testosterone the neutral 
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fraction was submitted to a first chromatography 
on Sephadex LH-20 (n-hexane-benzene-methanol 
80: 15 : 5, by vol.). In this system, dehydroepiandroster- 
one and androstenedione have a similar mobility but 
separation could be achieved by acetylation followed 
by chromatography in the same system. 

(c) From pregnenolone. After addition of [4-14C]- 
tracers, progesterone, androstenedione, dehydroepi- 
androsterone and testosterone were separated by 
chromatography on Sephadex LH-20 (n-hexane- 
benzene-methanol 80:15:5, by vol.). As described 
previously the separation of androstenedione from 
dehydroepiandrosterone was obtained by acetylation 
and chromatography in the same system. The conver- 
sion rates from the various incubations are presented 
in the table. Testosterone and androstenedione were 
identified in I all incubations. The ratio androstene- 
dione/testosterone was higher than 1 except in experi- 
ment 4. Conversion of pregnenolone to dehydroepian- 
drosterone occurred only in one out of four polycystic 
ovaries. Progesterone was isolated from the four preg- 
nenolone incubations, but in two of them lack of 
radioactive’ material precluded to final identification. 
17cr-Hydroxyprogesterone was detected only in the 
experiment that presented the higher conversion rate 
of pregnenolone into progesterone. Here also con- 
stant S.A. could not be achieved after six crystalliza- 
tions. 

present experiment the equilibrium for polycystic 
ovary is shifted in favor of the 17j-hydroxyl group 
for oestrogens but not for the C-19 steroids. This is 
only a speculative proposition that needs more ex- 
periments to be confh-med. The polycystic ovary is 
presumed to secrete more androgens than oestrogens, 
however, surprisingly, the results from the in vitro in- 
cubations indicate a trend to produce more oestra- 
diol, the biologically active oestrogen, than oestrone, 
but less testosterone, also the biologically active hor- 
mone, than androstenedione. That would suggest that 
the steroid pattern observed in the polycystic ovarian 
disease is the result of a disturbance of the secretion 
rather than an abnormal biosynthesis. However, the 
interpretation of data from in vitro experiments 
should be very cautious, and it is difficult to deter- 
mine if the picture obtained from polycystic ovaries 
incubations really reflects abnormalities of steroido- 
genesis that exist in ho, or are related to the experi- 
mental design. Among the various parameters that 
could modify the steroid metabolism in vitro, the S.A. 
of the labeled steroid is seldom taken in consider- 
ation, although the use of carbon fourteen labeled 
hormone may represent a few hundreds pg of steroid 
dissolved in a very small volume, raising the concen- 
tration to levels never met in uiuo that could induce 
an inhibition the enzymic process. 

COMMENTS 

Most of the patients with polycystic ovaries pres- 
ented an abnormal hormonal pattern, characterized 
by an elevation of circulating androgens, especially 
testosterone (Easterling et aI.[3]). It has been sug- 
gested that. the ovarian steroidogenesis could be 
modified by the deficiency of some enzyme systems. 
Indeed, results from in oitro incubations have shown 
in some patients a lack of aromatization of neutral 
steroids into oestrogens with an accumulation of C-19 
metabolites [4,8]. This is in agreement with the pres- 
ence of high levels of androgens in the fluid from 
these ovarian micro cyst [9]. However, in the present 
investigation, oestrone and oestradiol have been iden- 
tified from all incubations, whatever the substrate. 
That finding rules out the hypothesis of a total defect 
of the aromatization capacity [4,8-lo]. A deficiency 
at the level of the 3/l-hydroxysteroid dehydrogenase 
and isomerase has also been put forward as an alter- 
nate metabolic block [2]. Such enzyme deficiency 
seems unlikely in the present cases since an extensive 
conversion of 3/I-hydroxy-5-ene-steroids into 3-0x0-4- 
ene-steroids occurred in three experiments, while in 
the last incubation, that conversion, although lower, 
was undoubtly effective. 

The result from the present investigation do not 
bring any valuable argument to support the hypo- 
thesis of an abnormal ovarian steroidogenesis result- 
ing from a primary enzyme defect. The Stein Leven- 
thal syndrom is certainly not a single entity and the 
disturbances of steroidogenesis could be in some 
cases, the “primum nwuens” of the abnormal ovarian 
secretion, however it is more likely that, at least at 
the beginning, the ovarian function is normal and that 
the morphological and functional alterations are 
related to a primary disturbance of the hypothalamo- 
pituitary control of the menstrual cycle. Indeed this 
syndrome usually occurs after a period of normal 
cycles, moreover ovulation and normal steroido- 
genesis may be resumed after wedge resection or Clo- 
miphene administration and it is difficult to under- 
stand how such treatment could induce directly the 
formation of a deficient enzyme. 
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