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INTRODUCTION

Follicular fluid seemed to repress morphological differentiation of ovarian granulosa cells in
the rat, since cells cultured in vitro did not enlarge and their nuclei contained only 1 small
nucleolus or a fragmented and pale nucleolus (Bernarp, 1975)0, Injection of human chorionic
gonadotrophin (hCG) soon after administration of charcoal-treated porcine follicular fluid
(CTPFF) in rabbits resulted in abnormal function and morphology of the corpus luteum at day 7
of pseudopregnancy (Yosuipa et al.,1986)». Administrations of 5, 10 or 20 ug of a highly purified
preparation of inhibin daily for 10 days starting from day 11 postnatum in immature rats resulted
in atresia of preantral and antral ovarian follicles, hyperplasia of the theca interna, and degenera-
tion of the granulosa cells (Cuari ef al., 1981)3. Thus, it has been suggested that deteriorative ef-
fects on the ovarian follicle and/or corpus luteum are exerted by the follicular fluid; but few
reports have examined ovarian morphology in detail after treatment with follicular fluid.

In the present study, histological changes of rabbit ovaries affected by the successive ad-
ministrations in CTPFF during the estrous or post-ovulatory phase were examined.

MATERIALS AND METHODS

Animals, Folliculay Fluid and Experimental Design
Twenty-two adult virgin female Japanese White rabbits out of the fifty-five does which were
used in the previous study?®, were used for histological observations. Therefore, treatments of
the does were those previously reported?, briefly as follows.

(Experiment 1) Three does in the treatment group were injected subcutaneously with 4
mf of CTPFF at 12 hour intervals for about 5 days (10 times). Three does in the control group
received 4 me of sterile physiological saline in same manner as the treatment group. The does
were laparotomized immediately after the final injection of CTPFF or saline.

(Experiment 2) In all following all treatment groups, 4 ml of CTPFF was injected in the
same manner as the experiment 1. To induce ovulation the does received 15 IU of human
chorionic gonadotropin (hCG). Eleven does were divided into 4 groups according to the time
elapsed between the final administration of CTPFF and hCG injection. In group OF (5 does),
hCG was given simultaneously with the final injection of CTPFF, In groups 12, 36, and 96 (2
does in each group), injections of hCG were given 12, 36, and 96 hours after the final injection of
CTPFF, respectively. Five does in the control group (group 0S) received 4 mo of sterile
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physiological saline and an injection of hCG in same manner as the group OF. Does of all groups
were laparotomized four days after hCG injection to observe the formation of corpora lutea.
Then, unilateral ovary of each doe was fixed in Bouin’s fluid, and serially sectioned at 6 ym. All
sections were stained with haematoxylin and eosin (H.E.) or azan for histological observations.

RESULTS

(Experiment 1)

There was no prominent difference between groups of treatment and control groups in
numbers of preantral follicles (primary and secondary follicles) (Plate 1, Fig. 1). Developing an-
tral follicles were classified into the following two types. Type A; small antral follicle in which
the antrum shows a cressent-like cleft (Plate 1, Figs. 2, 3). Type B; large antral follicle in which
an ovum is suspended in the large follicular cavity by long strands composed of granulosa cells,
or in which granulosa cells surrounding the cumulus oophorus form a large cell mass and the
large follicular cavity appears peripherally (Plate 1, Figs. 4, 5).

Lightly atretic antral follicles were defined as follicles which showed pyknosis or dissolution
in many granulosa cells and shrinkage of the ovum (Plate 1, Figs. 6~9). Normal non-atretic an-
tral follicles are designated as healthy follicles in the present study. Numbers of antral follicles of
both types per ovary and ratios (%) of number of healthy follicles to total number of antral
follicles of each type (H/T) are shown in Table 1. In the treatment group, the number of healthy
follicles of Type B (0.7--0.6) was obviously fewer than that in the control (10.045.3). The H/T
for Type B (4.3-1-4.2%) was significantly lower than in the control (78.1-3.8%), while no signifi-
cant difference appeared between the H/T for Type A in the treatment group (44.24-2.2%) and
the control (46.0-+1.7%).

Although the distinctive feature in heavily atretic follicles of the control group was massive
degeneration of granulosa cells surrounding the degenerated ova (Plate 1, Fig. 10), heavily lu-
teinized atretic follicles appeared more frequently in the treatment group than in controls (Plate
2, Fig. 11). In contrast, interstitial cells showed no significant difference in morphology as seen
in antral follicles after CTPFF treatment.

(Experiment 2)
There was no noticeable difference in number of preantral follicles among all groups.

Table 1. Number of antral follicles per ovary and ratio (%) of number of healthy antral follicles to
total number of antral follicles (Experiment 1)

* icula f i .

Group F(;li;c::qr N umbero antral fOthleS ........... Ratio B/T (%)
Healthy (H) Total (T)

reat A 38.7 4 14.6 88.3 4 34.9 44.2 4 2.2
rgfi‘g’f“t B 0.7+ 0.6 117 + 105 43 4 4.20
" A+B 39.3 =+ 15.1 100.0 = 44.5 40.3 =+ 4.0¢
Control A 36.7 + 4.6 80.0 + 12.3 46.0 + 1.7
s B 100+ 5.3 12.7 - 6.7 79.1 4 3.8
A+B 46.7 + 8.1 93.3 + 17.0 50.0 =+ 1.04

* See text. Statistical analysis (Student’s ¢ test) was performed only between same follicular types, and significant dif-
ferences (p<0.01) are seen between a and b, ¢ and d. Total means total number of healthy and atretic follicles.
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Numbers of antral follicles classified as in experiment 1, are shown in Table 2. In group OF, the
H/T for Type A (36.14=2.0%) was not significantly different from that in group 0S (35.3-46.9%),
and the ratio for Type B (16.4:4-1.3%) was slightly lower than in group 0S (20.9:-5.6%), though
the difference was not significant. In groups 12, 36 and 96, the H/T’s for both Types A and B
were higher than those in groups OF and 08, and were significantly different from that in group
OF. The H/T for Type A of group 36 was the highest (60.2-4+5.9%), and the ratio for Type B
reached a maximum (33.3-0.0%) in group 12. In group OF, however, the H/T for Type A and B
(32.1--2.2%) was no different from that in group 0S (32.8-1-6.8%). In groups 12, 36 and 96, all
ratios (Type A, B and A+B) in each group were higher than those in groups OF and 0S, and
significantly differed from those in group OF. As in experiment 1, many heavily atretic follicles
appeared in all groups. The scars of heavily atretic follicles were frequently observed in all
groups, except for group 0S (Plate 2, Fig. 12).

In group OF, it was conspicuous that many round vacuoles of various size, due to degenera-
tion of interstitial cells, appeared dispersedly in interstitial tissue (Plate 2, Figs. 13,16), and that
a few masses of degenerated interstitial cells of low cytoplasmic stainability appeared (Plate 2,
Fig. 14), except in the ovary of one doe which did not ovulate. The degeneration of the cells was
classified as cyto-destruction and nuclear~degeneration to various degree, and this may be due
to fatty-degeneration of the interstitial cells for the vacuolation. Does which ovulated in other
groups showed normal ovarian morphology (Plate 2, Figs. 15,17-20), although vacuolation in in-
terstitial tissue was evident to some degree. Table 3 shows average numbers of large luteal cells

Table 2. Number of antral follicles per ovary and ratio (%) of number of healthy antral follicles to
total number of antral follicles (Experiment 2)

Follicular Number of antral follicles

Group” i s NSO O Ratio H/T (%)
Healthy (H) Total (T)

A 26.3 + 3.2 73.0+ 7.5 36.1 -+ 2.00

OF n=3) B 3.0+ 0.0 183 4 1.5 16.4 -+ 1.3¢
A+B 29.3 + 3.2 9134 74 32.1 A 2.2¢

A 36.0 -+ 0.0 735+ 7.8 49.3 -+ 5.2b

12 (n=2) B 374 1.2 12,0 4 4.2 33.3 -+ 0.0¢
A+B 40.0 4+ 1.4 85.5 4 3.5 48.1 - 3.9¢

A 330+ 71 54.5 4+ 6.4 60.2 4 5.9v

36 (n=2) B 304 0.0 12.0 + 2.8 25.7 + 6.1
A4-B 36.0 4+ 7.1 66.5 1 9.2 54.0 4 3.2¢

A 54.5 4 3.5 10254 7.8 53.2 4 0.6

96 (n=2) B 3.0+ 0.0 1154 0.7 26.2 + 1.6¢
A+B 575+ 3.5 11454 7.8 50.3 4+ 0.4f

A 27.7 -+ 13.6 75.0 -+ 27.0 35,3 4+ 6.9

0S (n=23) B 3.0+ 00 15.0 + 3.6 20.9 + 5.6
A+B 30.7 4 13.6 90.0 -+ 26.0 32.8 + 6.8

* See text. Statistical analysis (Student's ¢ test) was performed only between same follicular types, and significant dif-
ferences (p <0.01) are seen between a and b, ¢ and d, e and f. Total means total number of healthy and atretic antral
follicles.
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Table 3. Average number of large luteal (blossom cells) counted from 3 microscopic
cells counted from 3 microscopic fields of 0.024 mm? (X 580). In groups OF, 12

fields of 0.024 mm? {X 580)
and 36, numbers of blossom cells counted

Group™ No. of luteal cells Ist%a 0;;;;?;% were. sig.nificantly fewer than in grou? f)S.
Ovaries in groups OF and 12 showed similar

oF 20.3 -+ 2,92 15 luteal structure, in which luteal cells were not

12 19.4 4 2.8° 7 so developed and infiltration of fibroblast-tike

36 20.1 - 2.6° 9 cells appeared frequently in the luteal tissue
....... 96216i3017 (Plate 2, Figs. 16,17). In contrast, in groups
0S 232 £3.6° 16 0S, 36 and 96, well developed blossom cells

* See text. Statistical analysis (Student's f test) was were demonstrated, and large blood vessels

performed and significant differences (p <0.05) are

were located in the corpora lutea and at their
seen between a and b,

periphery, and definite connective tissue
bands showed clearly between lobes of interstitial tissue (Plate 2, Figs. 18-20).

DISCUSSION

Several investigators have proposed that the administration of follicular fluid suppresses
FSH secretion and thereby leads to the inhibition of follicular development in various animals5-9.
Without exposure to sufficient FSH, granulosa cells of small antral follicles are unable to main-
tain their growth and undergo atresia¥. In experiment 1, although the H/T in small antral
follicles (Type A) in CTPFF treated does showed no difference to that of control does, H/T in
large antral follicles (Type B) in CTPFF treated does was significantly lower than that in control
does. Therefore, it is considered that decreased FSH secretion from the pituitary in the treated
does suppresses the development of small antral follicles to large antral follicles. This is sup-
ported by our previous study¥, in which a possibly similar decrease in FSH secretion from the
pituitary, caused by administration of CTPFF, inhibited follicular development and reduced the
number of large follicles in rabbits. Crari ef al. (1981) reported that the immature rat treated
with 20 ug of inhibin extracted from human follicular fluid showed a high degree of damage to
the granulosa cells.

It is evident that a rebound in FSH levels occurs after follicular fluid treatment in the ewe
10-12) and rabbit 1. According to MiLis e/ al. (1982)!%), injections of CTPFF into rabbits at 6, 12
and 18 hours post coitum completely blocked the second release of FSH (FSH-II), and the FSH
levels at 60 hours post coitum were nearly 3 times greater than those measured at 24 hours for
FSH-1I. When groups OF and 0S were compared in our experiment 2, the H/T for small follicles
(Type A) and large follicles (Type B) showed no significant differences between two groups.
However, in groups 12, 36 and 96, H/T’s for small and large follicles were consistently higher
than those in groups OF and 0S. This suggests that FSH secretion remains at low levels within
12 hours after the end of CTPFF treatment, and that antral follicular growth is restored by 4
days after hCG injection. Furthermore, there is a possibility that the rebound of ¥'SH levels oc-
curs from about 12 hours after the end of CTPFF treatment, or during to the time elapsed (4
days) from the hCG injection. This consequently may give rise to restoration of secondary and an-
tral follicles, since Perers (1975)19 reported that PMSG injection restored the large atretic
follicles in the mouse.
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The ovarian interstitial tissue has been suggested as a site of estrogen production; and it has
been postulated that in rabbits LH acts directly on the interstitial cells, stimulating secretion of
estrogen, which in turn maintains the corpus luteum!®, In the rat, estrogens are produced from
the ovary by an interplay between granulosa cells and theca interna cells or interstitial cells
under the influence of LH and FSH!7, In rabbits, hCG has been reported to mobilize lipid
droplets from the interstitial tissue within two hours post injection'®, In our present experiment,
vacuolation in interstitial cells was evident in ovulatory does of all groups in experiment 2.
However, the vacuolation in the degenerated interstitial cells and formation of a few lobuli of
degenerated interstitial cells with faded cytoplasm were prominently demonstrated only in
group OF, while such a phenomenon could not he found in all non-ovulatory does. Therefore, it
seems that some factors in CTPFF enhance the degeneration of interstitial cells in ovulatory
does, and its defective action has vanished within 12 hours after CTPFF treatment. In groups OF
and 12, numbers of large luteal cells (blossom cells)'® were significantly lower than in controls,
and infiltration of fibroblast-like cells appeared frequently in the luteal tissue. This might be
related to the decreased number of normal granulosa cells caused by CTPFF treatment. Yosuia
et al. (1986)? also stated the same result.

The ovarian interstitial tissue has been known as a source of preovulatory progestin (20a—
hydroxypregn—4-en-3-one; 20a-OH), playing a definitive role in the reflex ovulation of the rab-
bit by prolonged LH discharge following copulation®. HiLLiarD ef al. (1968)21 reported that the
ovary released substantial preovulatory amounts of 200~0OH during the 8 hours, and that just
prior to ovulation, ovarian steroid output dropped and remained at a very low level for 3-4 days.
Thereafter, progesterone could be detected gradually in the ovarian venous effluent. Thus they
hypothesized that just prior to ovulation and for a brief period thereafter, the ovary might
secrete a gonadotrophin-inhibiting substance into the circulation which counteracts the effects
of LH. In the present study, the does of group OF showed morphological damage in ovarian in-
terstitial cells, and functional properties of interstitial cells might have been affected also.
Therefore, there is a possibility that hCG (or LH)~inhibitor in CTPFF affected on the interstitial
cells, and the morphological defects found in the corpus luteum occurred in does receiving hCG
simultancusly with the final administration of CTPFF, This suppressive effect on the formation
of the corpus luteum seems to persist until 12 hours after the final administration of CTPFF.

SUMMARY

Mature rabbits were investigated to examine the changes in ovarian histology after suc-
cessive administrations of charcoal-treated porcine follicular fluid (CTPFF).

In experiment 1, treatment groups were injected with CTPFF 10 times at 12-hour inter-
vals. Control group received saline in the same manner as the treatment group. In experiment 2,
four groups were injected with CTPFF in the same manner as in experiment 1, and each group
received hCG 0 (simultaneously with final injection of CTPFF), 12, 36 and 96 hours after the
final injection of CTPFF, respectively. One group received saline and hCG simultaneously with
the final injection of saline. All does were laparotomized 4 days after hCG injection.

In ovaries of does which had received CTPFF treatment, the mean ratio of number of
healthy large antral follicles to total number of all large antral follicles (H/T) was significantly
lower than in controls.
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In ovaries of does which received hCG simultanuously with the final injection of CTPFF (ex-
periment 2), the H/T was lower than that of any other groups, and was significantly lower than
the H/T in groups which received hCG 12, 36, and 96 hours after the final administration of
CTPFF. Interstitial cells with cytoplasmic vacuolation were found in all ovulated does to some
degree. However, degeneration and destruction of interstitial cells were markedly prominent on-
ly in does receiving hCG simultanously with the final administration of CTPFF (Group 0F). No
vacuolation in interstitial cells was evident in non-ovulatory does. In does receiving hCG
simultanously with or 12 and 36 hours after CTPFF treatment, number of luteal cells was
significantly fewer than in controls. In does which received hCG simultanously with or 12 hours
after CTPFF treatment, fibroblast-like cells appeared frequently among luteal tissues.

These results indicate that successive administrations of CTPFF give rise to defects in
ovarian morphology directly or indirectly in rabbits. It is suggested that these suppressive ef-
fects have been restored within 36 hours after the final injection of CTPFF.
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Plate 1
EXPLANATION OF FIGURES

Ovarian preantral follicles of various size in the CTPFF treatment group. (Experiment 1) H.E. (X 29)
Follicle of type A with small antrum. (Experiment 1) H.E. (X 90)

Follicle of type A with larger antrum in control group. (Experiment 1) H.E, (X 38}

Follicle of type B in which ovum is suspended with long strands composed of granulosa cells in the
follicular cavity. (Group 0S) H.E. (X 36)

Follicle of type B in which granulosa cells surrounding the cumulus oophorus form a large cell mass and
a large follicular cavity appears peripherally. (control group) (Experiment 1) H.E. (X 36)

Atretic follicle of type A (larger one). The ovum and granulosa cells are degenerated. (Group 0F) Azan
(% 90)

. Atretic follicle of type A. A shrunken ovum and granulosa cells encroaching on the zone pellucida. (con-

trol group) (Experiment 1) H.E. (X 90)
Atretic follicle of type B. An ovum is degenerated with vacuolation in its cytoplasma in CTPFF treated
group. (Experiment 1) Azan (X 36)

. Atretic follicle of type B. A shrunken ovum,; granulosa cells are dissolved into the antrum in CTPFF

treatment group. (Experiment 1) Azan (X 36)
Heavily atretic follicle with the degenerated granulosa cells in the control group. (Experiment 1) Azan
(X 90)
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Plate 2
EXPLANATION OF FIGURES

Heavily atretic luteinized follicle in CTPFF treatment group. (Experiment 1) Azan (X 90)

The scar of heavily atretic follicles in the group receiving hCG simultanously with the final administra-
tion of CTPFF. (Group OF) H.E. (X 90)

Interstitial tissue in a doe which received hCG simultanously with the final administration of CTPFF.
Many vacuoles of various size, due to fatty degeneration-like changes in interstitial cells, appear dispers-
ed in interstitial tissue. (Group OF) Azan (X 72)

Interstitial tissue in a doe receiving hCG simultanously with the final administration of CTPFF.
Vacuoles scattered in interstitial tissue due to fatty degeneration-like cytoplasm and nuclear degenera-
tion{ T ) and a degenerating lobule of interstitial cells with {aded cytoplasm { % ). (Group 0F) Azan (X
72)

Interstitial tissue of normal morphology in a doe receiving hCG simultanously with the final administra-
tion of saline. (Group 0S) Azan (X 72)

20. Morphology of corpus luteum {left), and interstitial tissue (right).

Infiltration of fibroblast-like cells appears frequently among luteal cells in a doe receiving hCG
simultanously with the final administration of CTPFF (Group OF). Tight arrangement of connective
cells located between corpus luteum and interstitial tissue is noted (cb).

Interstitial cells with cyto-destruction (arrow) are seen. H.E. (X 145)

Structure of corpus luteum in a doe receiving hCG 12 hours after the final administration of CTPFF
(Group 12) resembles that in group OF. Tight arrangement of connective cells located between corpus
luteum and interstitial tissue is noted {(cb). Interstitial tissue shows normal morphology. H.E. (X 145)
Large luteal cells show clearly, and blood vessels (arrow) are located in corpus luteum of a doe receiving
hCG 36 hours after the final administration of CTPFF (Group 36). Interstitial cells are well developed.
Connective tissue band (cb) forms a line between corpus luteum and interstitial tissue. H.E, (X 145)
Large luteal cells are well developed, and blood vessels {arrow) are located in corpus luteum and at its
periphery in a doe receiving hCG 96 hours after the final administration of CTPFF (Group 96). In-
terstitial cells are well developed. Connective tissue band (¢b) forms a line between corpus luteum and in-
terstitial tissue. H.E. (X 145)

Large luteal cells are well developed, and blood vessels (arrow) are located in corpus luteum and at its
periphery in a doe receiving hCG simultanously with the final administration of CTPFF (Group 08). In-
terstitial cells are well developed. Connective tissue band (cb) forms a line between corpus luteum and in-
terstitial tissue. H.E, (X 145)
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