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RESEARCHES ON REPRODUCTIVE BIOLOGY
~——A REVIEW”

Zhang Zhiyi (C. Y. Chang)

fLaboratory of Reproductive I}iurbgy and Department of Endocrinology,
Institute of Zoology, Chinese Academy of Sciences, Beijing)

This is a brief review centered mainly on reproductive researches carriecl out by the au-
thor and his associates at the Departinent of Endocrinology. Part of the works not affiliated
with this laboratory but relevant closcly o this subject is also included. Attenpt was made to
arrange the text chronologically (at least under cach topic) in order (o illustrate the trend of
research and the historic progress. Literstures from other laboratories are not cited in this re.
view.

1. Sex Determination and Differcutiation in Amphibia and Aves
1. Amphibians

At the early slage of sex dilferentiation jn Amphibia he undifferentiated gonads consist
of 4 carlex and a meedulla, both of which elxborale some kind of factors or induciors essential
for orientation of gonadal sex differentiation. Under the dominance of the cortex, the gotads
will be destined to develop into an ovary. If the medulla becomes dominant, a testis is lormed.
When the germ cells are located in the corlex, they will be determinaled to dilferentiate into
eggs. 17 they migrate and settle in the medulla, they will develop into sperms.

‘The sex of Xenopus can be reversed al youny stage. The genolype of Xenopus in male is
homogametic (ZZ) and the [cmale, lieterogametic (ZW). By administering mittute amount off
estrogen into the ambicnt water of the Xenupus tadpoles, ali of the young larvae were
feminized. The androgen, on the other hand, was ineffective and the sex proportion among
the Xenopus remained unaliered. "This is true also for other animals with heterogametic fe-
male constitution. When the sex—reversed adult female (ZZ) was mated to a normal male
(ZZ), their offsprings were 100% males! . Parabiosis between a male and a fezale at very
young stage or grafling of a differentiating testicular gonad (ZZ) Lo the position adjacent the
undifferentiated ovary(ZW), the ovary could be induced Lo undergo sex reversalll. Upon re-
moval of the grafted testis at proper uge, the host avary evently became a fertile testis. a ZW
male. 11 such sex—reversed ZW male was bred Lo a normal ZW female, I 7 4 of her offsprings
were genctic males and 3/ 4, females. By further breeding experiments, fertile WW could be
obtained, which produced 100% female offsprings when mated to a normal male.

+ Thanks are due to Prof. Y=X Liu who did excellent work in editing the manuscript.



In Xenopus, the undifferentiated gonads are a segmented structure appearing as a pair of
elongated bodies. Tt has been demonstrated that there is a critical stage of sex differentiation
which occurs at Stage 26 and lasts about 2 days, By careful selection of hormonal treatment at
the critical time, one could pinpoint the sex reversal of the gonads along the ante o—posterior
axis, indicating the existence ol an antero—posierior polurity during sex differentiation!.

Analysis of sex dilferentiation in Amphibians by treating the undifferentiated animals of-
ten fails to reveal the clironological changes of sex transformation. Examination of sex glands
in nall number of experimentally produced hermaphirodites is, inn mnost cases. insullicient to
{urnish the desired information, We have performed an experiment by starting the hormonal
treatments in the sexually differentiated animals at the late developmental stages, and hence
able to observe more closely the direct action of hormone on tie gonadal transformation pro-
cess'. All the animals used in this investigation were males derived from a sex—reversed fe-
male(ZZ). One group consisted of [0 newly metamorphized juvenile animals (reated with
estradiol and another 10 animals at the age 30 days alter metamorphosis received the sume
(reatment as the first group. The predominant character produced in the first group is the
strong stimulation and prominant profiferation of the ovarian sac. This furnishes unequivocal
evidence thal sex reversal ins the femalc direction is in progress. Qogonia develop in Lhe gonad,
bul cortical differentiation was not observed in most cuses. In the second experimental series,
the animals received hormone treatment 30 days after metamorplosis and continued for an-
otlier 60 days, showed rapid developiment of the ovariun cortex, growth of oogonia and for-
malion of oocytes. Melanophores appeitred in ihe gonad. a faith{ud sign of feminization char-
acleristic of this specics. Oviducts persisted in bollt experimental groups. The results of this
study revealed two undiscovered facts concerning liornione action and sex differentiation. (1)
There is a difference between he cortes and the medulla iy response Lo sleroid sex hormone at
different devetonmeniul ages. The medullary part responsed most readily to estradiol inune-
diately alter metanio rphosis. 1t las also demoustraled that estradiol is acting directly on the
cortex and the medulia, and is not mediated through an indirect route. There was no evidence
to show thal the hormone inhibited the development of the medulla, which sccondarily per-
milled the cortex element to grow and differentiate as proposed before by other authors. (2}
The great stiunulation and development of the cortex in (he second group ol experiments
seemed to deserve special consideratic n. Since at the beginning of the hormonal treatiment,
cortex has already disappeared, Lhe presence of a newly formed cortex would certainly have Lo
come from the tssue other than Lhe original cortex clement. The results have not been re-
ported previously and are of significance, for it scrves as another example of pluripotentiality
of the post etbryonie tissues.

‘The genolype of Bufo(toad) is simitar to that of Xenopus. So their response Lo sex
steroids is the same. However, the Bulo is probably the only animal possessing # rudimentary
ovarian structure present in both sexes throughout their whole life. In female it is
indistinguisable from the mature ovary aued in maie, it is lacated at the uper part of the teslis.
Removal of the testis witl result in growth of this organ into a fertile ovary. 1t is rather surpris-
ing to find that the neur—by testis does nol exert any masculinization effect on the sex
differentiation of this rudimenlary ovary, even though the Bulo Lave the same sex genotype
as Xenopus. Prolonged Lreatment of toad farvae with estrogen and androgen did not influence
(he sex dilferentiation of the Bidder’s organ. Recent {inding has shown that the sex steroid

ack of medullary elsmenllszlf Bidder’s organ may

receplors are present in this structure, The |
provide a reusonable explanation for this intrigning problem in nature! )

In Rana the female is homogametic (XX) and the male. hetero, 'IlllBllC(?(.Y), B'olh
undifferentiated gonads of genetic male and female react with §cx7 steroids pwsitively, ie.,
androgen nrasculinizes e ovary.and cstrogen feminizes the h.s}m‘ i However, csll‘ogen. at
high concentration induces adrenal hyperplasia and masculinizalion of the ovary. By treating




the intact and hypo—physeclomized young tarvae with high dosage of cstradiol, we have
demonsirated that the estrogen—induced hyperplusia of adrenal is restricted 1o animals still in
possession of their hypophysis; in other words, adrenal hyperplasia is an indirect reaction
mediated by the hypophysis' . This conclusion is sustained by the fiet that adrenals of
hypophysectomized larvae are eusily restored to normnal size and activity by administration of
ACTH. It is, therefore, evident that in the [rog sex reversal and adrenal hiyperplasia are inde-
pendent reactions to estradiol administration. Flowever, there remains at least a possibilily
(hat estradiol i’ administered in high dosages, might becoine n source of production of a
hormone with androgenic propertics. The conditions under which adrenals may become
androgenic are obviously not realized by (he experimental setup. Adrenal cortical hormones
such as desoxycorticosterone and cortisone ure androgenic. The lyperplasia adrenals induced
by high dose of estradiol were found to be able to sccret stervids as shown by paper
chromatograph but the chemical structure has never been analysed", Since estroger does not,
induce adrenal hyperplasia in hypophysectomized animals, it seems that the estrog2n stimu-
fates dircctly the refease and production of ACTH by the hypophysis.

In conclusion, the information so far accumulated about genclic determinalion of sex in
Amphibia suggests a possibie relationship between female monogamelic constifkion(XX)
and positive masculinization response. Tt has been established that in Rana the female sex is
monogametic. On the other hand, in Ambystoma, Pleurodles, Xenopus and Bufo, the females
are digametic(ZW). Ovaries seem to respond to administered androgens il they are of
homogametic constitution, This result is significant in view of the fact that helerogamelic
ovaries do transform into testes, namely under the condition of testicular implantation. It
must be coneluded that (he androgenic steroids are not identical with the effective agents un-

«der the condition of lutter experiments.

2.0 Aves

In order to establish the hypothesis proposed in the foregoing paragraph that a possible
relationship exists between femiale monogumetic constitution and positive masculinization re-
: sponse, it is necessary to extend the experiments to different taxonomic classes of vertehrale,
especially to those of the warmblooded animvais. The problem is of interest pot only for its
theoretical considesation but also for practical application.

Chicken would be the best choice for experiaental stidy. The sex genotype of the male
chicken is homogametic (ZZ) and the female, heterogametic (ZO). White leghorn eggs were
used in these study. Two types of hormonal treatments hive been performed: (1) injection of’
estrogen, diethylstilbestrol (DES), and testosterone into the incubating eggs; (2) immertion of
un—incubated or incubating eggs into the hormonal sotution'""!, The resulls demonstrate
clearly that estradiol when injected into the incubating eggs before the onset of sex
differentiation will result in feminization of the genetic males. Ovaries and oviducts developed
normatly in'most of the cases. Surpressingly, it wis found that ovaries of the sex—reversed
young animals were unstable and they eventually, a few months after hatching, returned te
their original sex. Prolonged hormonal treaiments were inelfective in maintaining such ac-
quired sexualily. In study of the process of secondary sex inversion in sex—reversed male
chicks, it is abserved that the right rudimentary gonad possesses a strong hereditary factor for
testicular differentiation, and initiates always testicular development in advance of the lefl
ovary. This is believed to be responsible for ihe instability of (he femaleness in such experi-
mental znimals.

Contrary to the reports of ather investigators, the present study demonstrated thal the
feminization effect of DES way incomplete. Microscopical study of the gonads revealed that
both cortex and medulla were present. Continuous hormone injection aflter hatching could



su.llslain the ovolestis for a long tiine, bul the cortical component of the gonad would gradually
disappear soon after (he disconlinuation of lrormonal treatmenis. The development of the
f)viducts in such animals was completely inhibited. It is of interest to note that estradiol in
immersion experiments failed (0 modily the development and differentiation of the ecmnbryonic
gonads. Teslosterone, on the other hand. was without obvious effect on gr)i\u(l:n]
dilferentiation. The results show that the external genitalis of the embryonic chick responses
to sex hormones more readily than the gonad, The former gives posilive response to probably
all steroid sex hormones applied, while the latter, cnly o certain types of hormone and hence
with a higher degree of specificity. The results obtained in this investigation furnish
unequivocal proofl to show that the embryonic sex inductor is not identical with sex hormone
produced by the mature sex glands.

1. Studies on Comparative Endocrinology

1. Developmenial endocrinology

It is well known that the hypothalamus plays an important tole in regulation of
endocrine activity via (he refease of peplide hormones. The techniques employed in the carly
‘60s involved mainly with electric lesions, stimulation or implantation of various chemiculs or
liormones. These methods contribuied mueh to the understanding of the hypothalainic Munc-
tions. Complete hypothalectomy, removal of the whole hypothalamus, in adult as well as in
embryos had never been successful acomplished untit 1957 when the senior author repaited
for first lime the success in extirpation of the hypothalaniic preprimordinm in anvran
emhryo'”'. ‘The operation was performed at the open neurula slage. A rectangular piece in-
cluding the presumptive hypothalamus tissue togather with the underlying hypoblast was re-
moved. The developing tadpoles showed light coloration due lo the contraciion of
melanophores, which since the classical work of B. M. Allent has been considered as a cliarac-
teristic consequence of the ablation of the pruvordium of the buccal hypophysis. On the
athier hand, the development of the hindlegs was not impaired. Tadpules developed normally
just short of the extrusion ol the fore—arms The climax of metamorphosis was inkibited!"™.
Microscopical examination on operated unimals showed that the infundibulum was missing
and the hypophysis laid free in the infundibular canal of the basilar cartilage, some distance
below the brain. The results demonstrated that the differentintion of the inlermediate Jobe de-
pended ot induction from the hypothalanius, while that of the anterior lobe was net or Lo @
minor degree only. The defay of climax imetamorphosis suggested that ordinarily a sudden in-
crease of (he output of TSH may be required during this criticat stage. 11 was fairly clear that
the full functional activity of the hypoplysis depended on liypothalamic stimulation' .

. During the time of ‘50s, there was a jong dispuied question whether ACTH
(adrenocorticotropliic hormone) and MSH (uelunophore stinuiating ormone) were identi-
cal hormoue or separate entities. The sighificance of (his implication was fully appreciated by
Waring and Ketterer {1953, Naturc) who put it in this way: "Ihis claim has obvious academic
interest, but it also raises an issue of importance for those concerned with research technique
and clinical practice, because the assay for melanophore—stimulating properlies is simple and
reliable, while the currently used ACTH assays are not”. According 10 one group of the
investigators, the two hormones were identical. Their arguments were based mainly on the
following observations: (1) there was a correlation belween the rise of botl ascorbic acid de-
pletion and MSH activities in the blood of human patienis suffering from Cushing's
syndrome, Addison’s disease and pregnancy. ele.. (2) the chromatogeaphic sepuration of the
wwo substances from partiafly regenerated corficotropin A, one possessing botlh ACTH and




MSH activities and one inactive in both (ests, provided evidence that both activities were in-
trinsic in ane molecule; (3) melanophore respense could be abiained by 0.01 iz of commercial
ACTH preparation and this high activity conld not he due to contamination. On the other
hand, the opposite view was held by some whuose claims were based more on physio—chemical
criteria rather than on pure clinical observations. The evidences were: (1} potentiation of
MSH and inactivation of ACTH by afkali~heal treatment; (2) partial separation of MSH and
ACTH activities by using a disconlinuous pi gradient on cellulose; (3) differential migration
of activities during zone clectrophoresis on filter paper; (4) differential concentration of
ACTH and MSH activities in the adenophypophysis and intermediate tobe of the pituitary
gland. Per unit of wet weight, the adrenal ascorbic acid depleiing activity of the
adenohypophysis was at leas( twice that of the intermediate {ubes, whereas the melanophore
stimulating aclivity of the intermediate lobe was approximately 60 imes as great as that of
adenohypophysis, Both groups of the investigators insisted on their own views and it was dif-
ficult to reach a general agreement in the absence of an unequivocal proof. The failure to
reach a consolidating agreement may perhaps be explained either by the lack of a common
criterion used to assay their materials being almost impossible to measure simultaneously the
ascorbic acid depleting and MSH activities in the same individual, or by lack of knowledge
concerning (he nature of pigmentary change in human beings. Meurohumoral control of
pigmentary changes in amphibian has been demonstrated in this experiment. However, any
claim that there is similar mechanism invoived in the cold—blooded animals and mammals is
speculative and should be cautious.

- The results of this study has presented sirong evidence to support the theory that ACTH
anid MSH are separate hormones' ', That a tadpole which lacks an intermediate lobe bt pos-
sesses a free and functional adenohypophysis shows constant contraction of melanophores, is
a good indication that the adrenocorticotrophic hormone is not respansible for the expansion
of melanophores. Later biochemical analysis provides convincing evidence that they are in-
deed separate chemical enlities, but share a common fragment of amino ucid sequence.

Removal of hypophysis and hypothalamus as well as the thyroid gland in developing

dmphibian larvae not only affects the grawth and function of the reproductive organs, but al-
so infMuences the enzymatic activity of non—cnroductive organs. The relationship between
hormone and alkaline phosphatase in developing animals had been studied by many
investigators. Most of the works were performed in intact young animals. Thus the
endogenous hormonal interference was noi cxcluded. By using hypothalectomized,
hypophysectomized and thyradectomized Rana larvae,the alkaline phosphatase activity in in-
testine was studied! ¥ . The results showed that removal of hypophysis and thyroid
significantly inhibited enzyme activity, but not in hypothalectomized animals. Injection of
ACTH and cortisol in such operated larvac, on the other hand, increased the activity of alka-
line phosphatase. High concentration of estradiol, which was shown previously causing
adrenal hyperptasia in intact tadpoles, was without effect. In conclusion we are justified to say
that pituitary—adrenal axis plays an important role in reguiation of enzyme activity and the
thyroid hormone is probabty also involved. It is suggested that alkaline phosphatase may be
used as a criterion for assaying of endocrine disorders.

2.0 Mechanism of ovulation

Ovulation is a highly complicated process of reproductive activity. Expelling of a mature
ovam with its follicular celts from the ovary is a prerequisite for successful fertilization. Fail-
re of avulation will lead to infertility. The theory that ovelaiion is regulated and coordinated
by an array of hormonal interplay has been well verified and widely accepted. However, the
underlying mechanism relevant particularly to the cellular and molecular events of ovulation



is fur from fully apprehending. The works presented herewith is a brief summary of our re-
sulls published elsewhere.

Ovulation in fishes Induction of ovulation or spawning of fish was initiated from eco-
nomical point of view. China has not only a vast inland waler resourse but also a long history
of fresh—water pisciculture. The four well~known Chinese farm f{ishes are recognized in the
world by their large size. superior meat quality and fast growth rate. Unfortunately, they do
not spawn naturally in the pond, so that the production was limited. A LH~RH nonapeptide
synthesized by Shanghai Institute of Biochemistry was available in the early part of “70s and
was found to be a highly effective ovuluting agent for induction of spawning of the farm
fishes. The results of this works will be referred 10 again later. At time being, the discussion is
restricted only to some of the basic researches.

‘The grass carp, just fike the case in other [arm (ishes, do not spawn naturally in confined
water, but they could be easily induced to do so by treatment with LH~RH or its nonapeplide
analog. Histochemical studies indicated that in teleost, just like in mammualian species, the
functional changes of the pituitary and the ovary are directly or indirectly under the control
of the hypothalamic refeasing hormone'' . It was demonstraled thai the medium—lobe
(adenohypophysis of fish) of the grass carp’s pituilary has only one typs of gonadotropl
which contains two kinds of granuies differing in size and stain reaction. The gonadotrophs
showed exlensive activity ol hormoune synthesis and release following LH-RH treatment.
This was evidenced by the progressing decrease in number of the small granules, and increase
in number and size of the gianl helerogenous granules accompanied by the appearance of
cytoplasmic vacuolation. The small granules are likely to be the LH secieting granules and the
giant ones, the FSH producing granuies. Owing (o the rapid elevation of thie hypophyseal LH,
the ovary was greally activated. This was confirmed by the finding that the enzyme uclivities
of G—6—Pase, AKP, ACP and 3—O11-SDH in the follicular cells of the ovary were greatly
stimulated after honnonal treatment. The result suggests that ihe steroid hormone plays an
important mediating role in the process of gonzdolropin action.

The histochemica! studics were [oliowed up by clectren—microscopic investigation for the
purpose of revealing more delails at tlie subcellular level" . In untreated control fish, three
types of secreting granules couid be differentiated in the gonadotroph, namely the smali gran-
ules, the globular granules and the giant helerogenous granules. In the experimental group,
the following cellular changes were observed 2 or 6 hours after hormonal injection: (1) a fu-
sion of the gonadotrophs; (2) an enlargement ol the endoplasmic reticulum cisternae; and (3)
a decrease in number of both small and globular granules. While, on the other hand, the giant
granules continued to increase in size, owing probably to the aggregation of the individual
granules. After spawning, gonadotrophs were loaded with endoplasmic reticulum cisternae.
The smatl granules became sparse, bul the number of the giant lieterogenous granules kept in-
creasing. The experiment demonstrated again that the small granules are likely to be the LH
secreling granules while the giunt ones are probably the FSH containing granules. In conclu-
sipn, it seems reasonable to state tiat in fish, at least in grass carp, there is oniy one Lype of
gonadotroph which synthesizes and releases Lwo kinds of gonadotropins, LH and FSH.

‘The current accepted concepl bearing on the mechanism of action bl the peptide
hormone is gencrally explained on the hypothesis of hormone receplor. According to this
theory, there are specific hormone receptors localed on the surl ol the plasma membrane
of various target cefls and the activation of such receptors by hormone initiates the generation
of cAMP which mediates a series of physiological responses. However, recent (inding suggests
that a different mechanisim of hormone action may be involved, which is based upon the ex-
perimental evidence showing thal the peptide horiwone is capable of being internalized inte
the larget cells'™. Never(heless direct evidence was scanty. By means of electron—microscopic
autoradiography, we demonstraled the presence ol labeled hormone intracellularly in the




gonadoirophs of the fish hypophysis. Tt was further shown tke? the labeled hormone was
internalized not only inlo the cytoplasm of the gonadetrophs, but also into the nucteus, ap-
parently via the nuclear pores. The fact is of interest because it is probably the first direct
proof showing that the peptide hormone (IL1T-RIt) may act directly on (he genome (0 reg-
late gene expression. Competitive binding belween labeled and (he cold hormones showed a
50% inhibition of radio—activity of the pituitary gland. This means that the electron dense
particles represents truly the active hormone, not the free iodine.

Ovulation in amphibian  In an early report on estrogen—induced adrenal hyperplasia
we had referred to the possibilily that adrenal hormones might play a supporting role in the
induction of ovulation. The suggestion derived from (he observation that high levels of
estrogen, such as this which ordinarily precedes ovulation, affects not onty the gonadotropic
outpit of the hypophysis but also the release of ACTH This concept was sustained later by an
in vitro-cxperiment concerning corlisone cficct on ovulation in frogh'®. The entire ovarian
lobes were ligaled with silk thread, resected, and placed in Petri dishes with 20 ml buffered
amphibian Ringer’s solution. The results demonstrated (hat the cortisone was, indeed, exhib-
iling a facilitaling role in ovutation. However, the corlisone was effective only if it acted on
follicles thal had been brought close to the ovulation threshold by other hormonal factors,
among which the LLFH=progeslerone sequence may be assured (o be the most important. Since
in vitra experiments has shown that hypophyseal hormones in tirge dosage may independent-
ly produce ovulation, cortisone did not appear to be an indispensable factor. Cortisone was
also demonstrated in fish having a similar supporting role in ovulation.

The above workswere further extended to another species of amphibian, the
2 The ovarian fragments in these experiments were suspended by cotton thread in
vials containing 20 ml of amphibian Ringer’s solution bulfered at pH 7.3. In order to com-
pleiely climinate (he interference of endogenous hormone on (he responsiveness of the
ovarian tissue, hypophysectomy was performed 3 to 6 days prior to the start of each experi-
ment. A sub—minimal effective dose(SMED) of pituilary extract was obtained and determind
by in vitro method for each batch of pitnitury preparations. Comparative studies on
ovutatory potency of various steroids were first conducted in vitro with normal ovarian frag-
ments obtained from {reshly killed non—hypophysectomized animals. The results showed that
the order of potency among them are desoxycoriicasicrone ) progesterone ot {estoslerone >
androsterone > dehydroepiandrosterone > adicnosterone > corlisol > cortisone. Analysis
of the role of hormonal action was performed entirely with ovarian fragmenis ol
hypophysectomized toads. The results demonstrated (hat: (1) there were four kinds of steroids
(desoxycarticosterone, lestosterone, progesierone and cortisong) which were capable of in-
ducing ovulation without the assistance ol pituitary facior; while the other four hormones
(androsterone, dehydrocpiandrosterone, adrenosierone and cortisol) did not possess the
ovulating capacity in the absence of pituilary lactor. Species specificity in response (o
hormonal treatment was noted in case wilh cortisone which was shown in a previous report
being incapable of inducing complete ovulation in Rana. Regarding to pituitary hormones,
contrary to the report of Burgers and Li (1960), GH, LH, hPL, and ACTH, when tested on
ovarian fragments of hypophyseclomized animals, were unable to induce ovulation in vitro
except in cases where they were used in combination with minute amount of pituitary extract.
The results obtained here indicated that some of the pituitary hormones as stated above were
not ovulatory in nature when they were used alone. However, a supporting role in ovulation
was clearly seen as they were used in combination with a sub—minimal ovulating dose of
pituitary extract. It was remarkable 1o note that there existed a time difference between the
two different kinds of hormanes in reacting with the ovarian fragments required for the initia-
tion of ovulation. A latent period of one hour was observed in experiment with pituitary ex-
tract, while only a briel’ 10, minute treatment was found to be enough for induction of




ovulation by progesterone. A fatent pefiod like (his would suggest that a special mechanism of
molecular interaction may ‘be involved. xperiiments were also conducled Lo analyze the na-
ture of hormone action by: (1) subjecting the ovarian fragment first to pituitary suspension
and then transferring inlo progesterone solution; (2} similar in method as:above, but used
puriﬁe.d GH and hPL instead of pituitary extract. The results showed that evhancement of
ovulation was demonstrated in the lirst series of experiments while no effect was found in the
second group. The dala presented here suggested that sensitization of ovarian follicles by
pituitary factor possibly render them more competent to other ovulating hormones, and the
pituitary gonadotropin , FSH. was considered to be the primary factor responsible for such
an action. Estradiol, did not enhance progesteroie induced ovulation in vitro but it did exert
an inhibitory effect on pituitary induced ovulation. Evidence impticate that a short period of
contact (1 to 2 hours) between estradiol and ovarian tissue was sulficient to produce a pro-
founded inbibitory effect on the responsiveness of the ovarian follicles. to the subsequent
pituitary action. It demonstrated clearly hat estradiol ucted directly on the ovariun tissue
with a consequence of diminishing sensitization Lo ovulating hormones. For the purpose (o
clarify the yuestion: “Does the it vitro ovulalion represent a notmat physiotogical process? In
other words, are the ovulated epgs fertile?” Eges released [vom progesterone and
desoxycorticosterone induced ovarian frapments were tested for fertility. ‘The fertilized eggs
cleaved and developed normally in every respect.

The follow—up work (unpublished) gave further information helpful in understanding of
ovulation process. The experimental resuils demonstrated that the ovulatory effect of LH
could be blocked by the addition of indomethasine to the cullure medium, implicating e
possibility of the involvement of prostaglandins (PG.) in ovulation. This was proved to be
\rue by the finding that PGE,,was highly effective in the induction of ovutation, It was of par-
ticular interest Lo note that db—cAMP significantly inhibited ovulation in vitro. In the pres-
ence of db—cAMP the ovulatory potencies of both Lit and progesterone were greally
reduced. In another experiment it has showi that LH stimulated the generation of cAMP by
(he ovarian fragments, reaching a peak 60 minutes after the treatment and decreasing thereal-
ter. On the other hand, progesterone effectively inhibited the production of 5= CAMP. The
results presented above suggest 2 pilu1\;u'y*pmSlugluudin‘pmgeslcmne axis plyys an impor-
1ant role in the process of ovulalion, obviously via a roule bypassing the second messenger.
Further elucidation remains to be investigaled

The hypothesis was once apain verified by a different approuch. The rest potential of the
Bufo ova during ovulation under various cxperimental conditions was measured by a
microelectro—physiological methed 2. It was shown that the piluilary extract stimulated a
rapid elevation of the rest polential which decreased gradually afier 30 minutes. Contrary (o
LH, l’rugeslcroné lowered the, potentiai in a time—dependent manner. 1f the two graphs were
superinnpuséd, a very interest picture was revealed. There were apparently two phases existed
duriué the process of avulalion. A pituitary or LH phase was represented by the high level of
resl potential while a progestin phase was depicted by the lower profile of potential. As far as
we know, this interest phenomenon has not been reported belore.

Ovulation in mammal Ovulation in mammais has drawn great autention ol only by
reproductive biologists but also by embryologists. Theories cot cerning the mechanism of
ovulation are varied but no one wus aceepled without skeptic. ILis shown in recent years that
plasminogen may be involved. Plasniinogen activators convert plasminogen inlo plasmin,
which is a protease that cleaves [ibrin into fibrin fragments. Two types ol plasmninogen
activators (tPA and uPA) have been identified in ovarian granulosa cells and they are consid-
ered Lo be involved in ovulation. Recent study has shown that {iie denuded oocyles contain
PA but not uPA ald Uie ovarian somatic cells contain both?!l. However, only LPA aclivity is
regulated by the gonadotropins and Jeaches & maximuin just prior 1o ovulation'®. Previously



