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Steroid 3p-ol-dehydrogenase activity in the largest
healthy and atretic follicles in the human ovary during
the menstrual cycle

par A. GOUGEON
with the technical assistance of Maryléne GUILLOU

Université Paris Sud, Laboratoire de Physiologie de la Reproduction humaine,
Gynécologie-Obstétrique, Hopital Antoine-Béclére, ’
157, rue de la Porte de Trivaux, 92141 Clamart, France.

Summary. Steroid 3B-ol-Dehydrogenase (38-0l-SDH) activity of large ovarian follicles
in woman was analysed by histoenzymological method. 3p-ol-SDH activity was strong
(+ + +) in the theca interna of the preovulatory follicle until ovulation, with a maximum
(verystrong: + + + +) atthe sametime as the plasma estradiol peak. Very strong (+ + + +)
3p-ol-SDH activity appeared in the granulosa after plasma LH surge. In large healthy or
atretic non-ovulatory follicles, 3B-ol-SDH activity was stronger in the theca interna than
in the granulosa where it has never been found at a significant level. No variation in
enzymatic activity has been shown during the menstrual cycle in these latter follicles.

Introduction.

3p-ol-SDH has a well defined role in steroid biosynthesis ; it catalyses, among
others, the conversion of pregnenolone to progesterone. Analysis of the variable
activity of this enzyme is thus of considerable interest in studying the synthesis sites
and factors regulating sex steroid production.

The presence of this enzyme in the human ovarian follicle has been revealed
by many authors using a hystoenzymological technique (lkonen et al., 1961 ;
Deane ef al., 1962 ; Chieffi et al., 1965 ; Fienberg and Cohen, 1965 ; Taki et al., 1966 :
Jones ef al., 1968 ; Friedrich et al., 1974 ; Kerin et al., 1976). Incomplete analysis of
follicles, taken at random without reference to the menstrual cycle, may explain why
the results obtained have often been disappointing.

The theca is reported to have only moderate 3g-ol-SDH activity, this activity
being seen exceptionally in the granulosa even in preovulatory follicles.

There are three types of large, functionally different follicles in the human ovary
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(Bomsel-Helmreich ef al., in press) : preovulatory follicles and large healthy or
atretic non-ovulatory follicles. In this report, the level of 3g-0l-SDH activity and its
variations in theca interna and granulosa of the largest ovarian follicles in woman
are analyzed throughout the menstrual cycle.

Material and methods.

Sampling. Fifty-three follicles from 5 to 27 mm in diameter were sampled at
varying stages of the menstrual cycle in 46 subjects undergoing laparotomy for
various gynecologic disorders, not directly related to ovarian pathology. Peripheral ‘
blood was generally obtained 1 and 2 days prior to surgery, the day of surgery, and
the day after. LH, FSH, estradiol-178 and progesterone were assayed. Five of the
subjects received 5000 IU HCG 20 to 40 hrs before laparotomy.

Dating. The period of the cycle at which follicles were obtained was determined
by data on plasma FSH, LH, esiradiol-178 and progesterone, day of last menses
and BBT. The patients had had regular 28 to 30-day cycles during the months previous
to sampling. The highest temporal precision was obtained for the 2 days preceding
and following the LH surge (12-hrs precision). This period corresponds to clearcut
hormonal event : estradiol-178 peak, the LH and FSH surges, and finally ovulation.
Temporal precision is lower for other periods of the cycle (estimated at 36 hrs) as
hormonal levels evolve much slower.

Histochemical investigation. 10 um-thick cryostat sections of a follicular fragment
were incubated for 1 hr in a previously described medium (Gougeon, 1974) derived
from Waitenberg’s technique (1958) modified by Levy et al. (1959). Not being able to
objectively measure the histochemical reaction of 3g-0l-SDH, we evaluated it as a
function of diformazan precipitate density ; it is rated as zero (—), weak (+), mode-
rate (++), strong (4++ ), very strong (-++-+ 1) (plate 1).

Histology. The rest of each follicle was fixed in Bouin-Hollande fixative, then
treated by classical histological techniques.

PLATE I. — Range of 33-0ol-SDH activily in the theca interna and the granulosa of ovarian follicles in woman.

- + ++ +++ +4+++

ZERO WE AK MODERATE STRONG VERY STRON(
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Results.

The follicular phase has been divided into three parts (DO is the day of LH surge) :
early follicular phase from D14 to D10, middle follicular phase from D9 to D6, and
late follicular phase from D5 to ovulation.

Preovulatory follicles can be identified as early as day 5 before LH peak. Thus,
the Iate follicular phase may also be called the preovulatory phase, which can also
be divided into 3 parts : preovulatory phase | from D5 to plasma estradiol peak,
preovulatory phase |l between the estradiol-1738 peak and LH surge, preovulatory
phase il between LH surge and ovulation.

Preovulatory follicle (31).

This type of follicle is distinguished by its morphology and a remarkable histolo-
gical evolution (Bomsel-Helmreich et al., in press), as well as by the development of
its steroidogenic potentialities during the preovulatory phase.

During preovulatory phase I, 3g-ol-SDH is strong (+-++) in the theca interna
and moderate (++) in the granulosa ; during the plasma estradiol péak this activity
becomes very strong (+-+ ) in the theca (photo 1). During preovulatory phase 1l
a strong (++ +) activity appears in the granulosa which then equals that of the theca
interna (photo 2). During preovulatory phase Ill, 3g-ol-SDH activity is very strong
(+-+—+-+) in the granulosa after LH surge ; it is higher than that in the theca interna
which remains strong (4-++-) (photo 3).

In the 5 follicles sampled from 20 to 40 hrs after HCG, 38-ol-SDH activity is very
strong(+ -+ ) in the granulosa and moderate (4 ) to strong (++-+) in the theca
interna (photo 4). The activity of these follicles is thus similar to that of unstimulated
follicles during phase lll.

Non-ovulatory follicles (22).

Some large, healthy follicles are found during the preovulatory phase. They
are presumed to be non-ovulatory since they always co-exist with a preovulatory -
follicle and have a much smaller diameter.

Atretic follicles are recognized by their high rate of pyknosis. We differentiate
early atretic follicles (granulosa hardly altered) from those with marked atresia
(desquamated granvlosa and degenerate cells).

Fifty percent of the follicles were healthy or in early atresia, and ranged between
5 and 8 mm in diameter. They were only found during the follicular phase ; examina-
tion of seriated cross-sections of 25 whole ovaries seemed to confirm their absence
during the luteal phase. The theca interna showed moderate (+ -+) fo strong (+-++)
3g-ol-SDH activity, while that enzyme was weakly active (+) in the granulosa (photo 5).
The slight variation in thecal activity did not depend on the state of the follicle, some
follicles in early atresia ‘being more active than healthy ones. These variations also
occured independently of the cycle stage at which samples were taken (fig. 1).

Fifty percent of the follicles were in pronounced atresia ; they ranged between
5to 10 mm in diameter and were present throughout the menstrual cycle. The theca
interna showed weak (+4) to moderate (+--) 3p-ol-SDH activity, while the enzyme
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PLATE il

Steroid-3B3-ol-dehydrogenase activity in the theca interna and granulosa of large follicles in woman
(X 145).

Photo 1 : Preovulatory follicle during estradiol peak ; very strong activity (4+ 44 +) in the theca
interna, moderate in the granulosa (4 ).

Photo 2 : Preovulatory follicle during preovulatory phase Il ; strong activity (+++-) in the theca
interna and granvlosa.

Photo 3 : Preovulatory follicle during preovulatory phase il ; very strong activity (+ 4+ +) in the
granulosa, strong activity (- +) in the theca interna.

Photo 4 : Large follicle 30 hrs after HCG ; very strong activity (+ -+ 4 +) in the granulosa, mode-
rate (-++) in the theca. This follicle is collapsed.

Photo 5 : Healthy non-ovulatory follicle in preovulatory phase | ; moderate activity (4 ) in the
theca interna, weak (+) in the granulosa.

Photo 6 : Large follicle in marked atresia ; weak activity (4) in the theca interna, zéro (—) in the
granulosa.
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was practically absent (—) in the granulosa (photo 6). No enzymatic activity related
to the cycle was detected in this type of follicle (fig. 1).

Qvulation
cal

[8+5H

(1)
=]

(7)

N I T B T
‘Preovulatory phase:

......................................................... ®
healthy &| S
early |+

.......................................................... atresia | »
: o
>
9
©
(2) H
marked

: i I = - | e atresia

141010 -9 o6 B r - ‘ D o 47 w0 114 DAYS FROM

14©-10 -9 »-6 -5 1 0 15 42 © +7 +8 414 R

- + ++ B +++ PR+
3B-0l-S.D.H. activity

FIG. 1. — Evolution of 383-0l-SDH activity in the theca inferna and granulosa of each type of large human
ovarian follicle. There is slight individual variation in the reaction of each type of non-ovulatory
follicle, but the activity does not vary in relation to cycle date. The length of the strip showing
3B-ol-SDH activity is proportional fo the percentage of follicles presenting that activity. The
number of follicles is shown in brackets ().

Discussion.

During preovulatory phase 1, moderate (+-+) 3g8-0l-SDH activity is found in
the granulosa of preovulatory follicles. We clearly demonstrate the role of LH surge
in stimulating 3g-ol-SDH activity in preovulatory follicle granulosa. In this tissue, enzy-
matic activity increases strongly during preovulatory phase Il, i.e. during LH surge
or after HCG injection.

The appearance of strong 3-ol-SDH activity in the granulosa of human preovu-
latory follicle after the LH surge tends to show that this tissue in responsible for
preovulatory progestin synthesis (17a-OH-progesterone, pregnenolone, progesterone)
These steroids have been demonstrated in the follicular fluid by McNatty et al. (1975),
Sanyal et al. (1974), Friedrich et al. (1974), Kemeter et al. (1975), Fowler et al. (1977),
Bomsel-Helmreich et al. (in press) and in the peripheral blood by Thorneycroft et al.
(1974) and Guerrero et al. (1976).

Friedrich et al. (1974) were the only authors to find moderate 3-0l-SDH activity
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in the granulosa of some preovulatory follicles ; that activity, however, was not
stronger than in the theca interna. This difference with our results is probably due
to the enzymatic activity loss inherent in the technique of Levy ef al. (1959) used
by Friedrich ef al.; atechnique which differs from ours as to the steroid solvent used,
the incubation medium and the technique and length of incubation.

We have shown that the steroid metabolism of non-ovulatory follicles does not
vary with the stage of the menstrual cycle. This observation agrees with those of
Bomsel-Helmreich et al. (in press) showing that estradiol and progesterone levels
are low in the follicular fluid of this type of follicle, and do not vary significantly during
the menstrual cycle.

We have not found significant 3g-ol-SDH activity in atretic follicle granulosa.
This is in contradiction with Deane et al. (1962) who write : « A 5-3g-hydroxysteroid
dehydrogenase activity was normally limited to the theca celis...... In atretic follicles
it also made its appearance in the granulosa. » The morphological features of gra-
nulosa degeneration in atretic follicles are such that it is difficult to believe that those
cells could have a steroidogenic-like activity. The theca interna present 3g-ol-SDH
activity even in very atretic follicles because it degenerates much later than the granu-
losa.

In conclusion, 3g-ol-SDH activity is low and steady in large non-ovulatory fol-
licles ; these follicles seem to contribute weakly to ovarian steroid synthesis during
the human menstrual cycle. 3g-0l-SDH activity increases in preovulatory follicles
until ovulation, first slowly in the theca interna, then suddenly in the granulosa
under LH effect.

Regu en février 1977.
Accepté en septembre 1977.
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Résumé. L’activité 3p-ol-stéroide déshydrogénase (3p-ol-SDH) des plus grands follicules
ovariens chez la femme, a été analysée par la technique histoenzymologique.

L’activité 3p-ol-SDH est forte (+ + +) dans a théque interne du follicule préovulatoire
jusqu’a I'ovulation, avec un maximum (irés forte : + + + +) pendant le pic d’cestradiol
plasmatique. Dans la granulosa de ce type de follicule, la décharge de LH, entraine 'appa-
rition d’une trés forte activité 3pol-SDH. Dans les grands follicules non ovulatoires, sains
et atrétiques, I’activité 38-ol-SDH est plus élevée dans la théque interne que dans la gra-
nulosa ob elle n’atteint jamals un niveau d’activité significatif. Aucune variation d’activité
enzymatique n’a été mise en évidence, pendant le cycle mensiruel, dans les follicules non
ovulatoires.
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