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RETROSPECT IN BRIEF ON THE PROGRESS OF REPRODUCTIVE RESEARCH;

Reproduction is an intrinsic élement of life. The propagation of living organisms as well as the
phylogenetic evolutibn would be made impossible without the very process of reproduction. Research
on reproduction is of paramount importance from both societal and economical points of view,
because it relates not only to population control, but also to the improvement in quantity and quality
of animal protein production. ‘

Reproductive biology, a science of comprehensive research on reproduction, made its first
appearance somewhere in the middle part of 20 century as an independent discipline of life
science. The rapidity of its progress has been followed more or less a similar track as the
development of other branches of nature science, starting from descriptive study, succeeded by
experimental investigation and finally becoming a multidisciplinary bio-science, with emphasis on
molecular events of reproduction. ’

In retrospect, the reproductive physiology was probably the first one of the nature science
dealing with reproduction and had made great strides in the early part' of this century under the
impetus of the introduction of the hormone concept into physiology by Starling. It progressed rapidily
till 30's whilest a number of peptide hormones weré extracted, purified and characterized. At about
the same time, the chemical synthesis of sex steroids was also successfully accomplished. The new
advance led the reproductive physiologists began to realize that it is the hormone which plays a
major role in regulation of reproductive activities. A new terminology, reproductive endocrinology,
was therefore coming into existence and immediately became widely accepted regardless whether
intentional or not. In the late 60's as a consequence of the rapid advancement of cell ahd molecular
biology, the traditional disciplinary boundaries were disolving among the fields of biological science
and even between the science and technology. The situation permits and accelerates the infiltration of
knowledge and techniques from other branches of nature science into reproductive research and thus
results in the emergence of a new discipline, the reproductive biology,which has extended the horizon
of reproductive endocrinology to a level that has never been achieved before. The hormone (peptide
hormones in particular) is now considered as an intercellular messenger which via membrane
receptor and intracellular mediator, controls the gene expression of the target cell. The old concept of
hormonal regulation of reproduction was therefore felt rather restrictive and could not keep abreast
of the new developments and hence, the reproductive biology endeavors now to elicit more deeply
into the underlying mechanism that controls the reproductive activities at the cellular and molecular'
levels. Meanwhile, the fast progress of biotechnology further advances the reproductive study toward

improvement of livestock production and betterment in methods of human contraception.
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AN OVERVIEW OF THE LABORATORY OF REPRODUCTIVE BIOLOGY ;

A. INTRODUCTORY DESCRIPTION .

The LaPoratory of Reproductive Biology (LRB) - was established in 1985 by the Chinese
Academy of ?ciences as a basic research unit engaged in the study of reproduction. It is affiliated to
the Institute of Zoology with provision for maintenance. The LRB is intented to be an international
center for reproductive research open to people all over the world who are interested in this
field. Laboratory space with facilities and funds for running costs, but not salaries, can be made
available through a formal applicétion. '

The LRB at present comprises four professors and four associate professors. In addition, there
are about 25 to 30 visiting scientists .

B. RESEARCH GUIDE-LINES .,

Both basic research and application-oriented studies on reproduction are emphasized and
encouraged by the Laboratory. High priority is given to intramural collaborative research. The LRB
also endeavors to develop biotechnological study on peptide hormones or biological active compounds
that are of significance in regulation of fertility.

1. Cytological studies on fertilization and implantation.

In vitro studies on the regulatory mechanism of reproductive function.
Mechanism of embryo implantation.

The principle of hormone action (sex steroids and gonadotropins).

2.
3.
4.
5. The role of neuropeptides and neurotransmitters in regulation of reproduction.

6. Gene isolation ,structure analysis and expression of gonadotropins.

7. Immuno-reproductive research.

C. RESEARCH ACTIVITIES(1986-1987) .

In recent years, our major research activity was centered on biochemical and physiological
aspects of embryo implantation and pregnancy. Embryo implantation is a highly sophisticated process
of interaction and coordination between the conceptus and maternal uterus. Our experiments were
performed partly with animal model for investigation of implantation and partly with human
trophoblastic tissue for study of hormonal regulation of plancetal function at early gestation
" stage. The results are briefly summarized as follows;

1. Local effects of blastocyst on metabolism of uterine endometrium;

As we have priviously shown that the specific radioactivities of *H-uridine and *H-leucine of the
implantation sites of the rat endometrium were significantly higher than those of the non-
implantation segments. This local metabolic difference was further verified by the finding that the

amount of estradiol and progesterone receptors was greater in the implantation site and the ova-
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containing hotns of the uterus than those in the non-implantation region and the non ova-containing
horns. Furthermore, the metabolic rate of protein synthesis in the uterine endometrium was striking
affected by the presence of transferred live blastocysts, while the implanted inactivated blastocysts
(killed by alcohol) were found to be ineffective. The above experimental results implicate that some
factors released by the blastocysts may take part in regulation of the uterine metabolism and cellular
differentiation which could be a prerequisite for the uterine readiness to receive the coming
conceptus.

2. Specific peptides isolated from the rabbit blastocysts;

In order to identify the existance of the active principles or factors released by the pre-
implantation blastocysts, the uterine flushings of pregnant, non-pregnant and pseudopregnant rabbits
were analysed by SDS-polyacrylamide gel electrophoresis. Three specific peptides with molecular
weights of 3,000, 4, 500 and 6, 000 were isolated and identified. No corresponding peptides were
detected in non-pregnant and pseudopregnant uterine flushings. Obviously they were derived
exclusively from the blastocysts other than the uterine endometrium. Anélysis of the rabbit blastocyst
fluid by HPLC confirms the above fiilding, indicating once again that some specific peptides are
synthesized and released by the blastocysts. It is of particular interest to note that treatment of
rabbits with high dose of LH-RH-A (a nona-peptide) from D1 to D6 of pregnancy led early
disappearance of these unidentified peptides from the blastocyst fluid, suggesting that LH-RH
inhibited the synthesis of the peptides. Recent finding demonstrates that one of these peptides (MW
4, 500) inhibits lymphocyte blastogenesis and prostaglandin sectetion (PGF,,). The result presented
above is of paramount importance. and further experimental work is in progress.

3. Cell-to-cell recognition between blastocyst and uterine endometrium ;

Since glycoprotein plays an important role in cell to cell recognition, a few preliminary
experiments have been carried out by intra-uterine administration of a variety of sugars in mice with
the purpose to explore the possible involvement of sugars in implantation. The results indicate that
raffinose is highly effective (91%) in prevention of implantation. Glycogen is also effective (60%);
while galactose and mannose are ineffective. There are two interesting findings that may be of
significance; 1) there is a correlation between the efficacy of inhibitable action and the increase in
number of polymorphonuclear leukocytes of the.uterus; 2) raffinose when introduced into the uterine
horn leads to the disappearance of a few isoelectric proteins between pH 5.1 and 6. 0. The
significance of this observation remains to be studied.

4. A self-regulatory mechanism exists in placental trophoblast.

Experiments have demonstrated that the LH-RH (or GnRH) of the trophoblast is stimulatory in
nature at low doéage level (10°M) and inhibitable at higher concentrations (10°M) on the
production of hCG in vitro. The LH-RH antagoilist (D-Phe?, D-Trp®)-LH-RH, on the other hand,
decreases the hCG secretion. A similar paradoxical effect as also observed in experiments dealing
with LH-RH influence on progesterone production. Addition of monoclonal hCG antibody into the
culture inhibits progesterone secretion. Other hormones, such as E2, T, PGF,, and TRH were without

effect. Neither exogeneous nor endogeneous progesterone exerts any influence on hCG
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secretion. However, B-EP at dosages between 10 ' and 10 °M stimulates the synthesis and release of
hCG 1n vitro.

For further analysis of hotrmonal regulation by the trophoblastic tissue in vitto, 1t is important
to define the cell type which is capable of synthesis the particular type of hormone. As we all know
there are only two kinds of cells present in trophoblast tissue, the syncytiotrophoblast and the
cytotrophoblast cells. Aithough there were a great number of reports in literature dealing with their
respective secretory capacity, no definite conclusion as yet has been agreed upon. Using a modified
culturing method, we were able to separate these two types of cell and a relative pure cell culture has
been obtained. As a result of this study, 1t was demonstrated convincingly that LH-RH 1s synthesized
and released exclusively by the cytotrophablast cells, which secrets also progesterone and, to a lesser
extent ,minute amount of hCG.

5. Neuropeptides and neurotransmitters in trophoblast.

Experiments have been conducted with first trimester trophoblast tissue by RIA, HPLC and
LCEC techniques. It .was found that there are 6 neuropeptides, Met-Enk, Leu-Enk, Dynorphin, §-
endorphin, somatostatin, and neurotensin as well as 3 neurotransmitters, NE, E, and 5-HTP being
present in the trophoblast. It 1s of interest to note that the antiserum of neurotensin when injected
into the wuterine horn inhibited implantation. On the other hand, intra-uterine administration of
somatostatin anti-serum increased the number of implanted embryos.

6. Works on comparative biology of reproduction;

1) We have sucessfully accomplished the work on sperm capacitation and egg penetration
(hamster) in the giant panda (Ailluropoda melanoleucus).

2) The relationship between Na*,KT-ATPase activity and sperm capacitation in guineapig. As
far as we are aware, the Nat,K¥ ATPase activity in the plasmalemma of guinea pig sperm has
never been detected before. By treating the sperm plasmalemma with 0. 05% DOC (deoxycholate) , it
was found that the enzyme activity could be measured. After incubation of spermatozoa in the
capacitation medium for 8 hours, the Nat ,K*-ATPase activity decreased to 35. 6% as compared
with that of the unincubated group. The spermatozoa incubated for 10.5 hrs.in the capacitation
medium containing 1 or 5 uM quabain showed 46. 5% and 64. 4% acrosome teaction respectively in
contrast to the 27.4Y% acrosome reaction of the control. It was suggested that the decrease in
Nat,KT-ATPase activity enhances sperm capacitation in guinea pig.

3) LH-RH of Amphioxus was investigated by HPLC. The result showed two separate peaks, one
of which resembles very much in nature to the mammalian peptide and the other one, to the salmon,
a kind of bony fish.

4) Biotechnological researches on peptide hormones as well as other medical compounds will be
presented in a separate report.

D. LABORATORY EQUIPMENT:

The LRB is well equipped for research in cell and molecular biology. The items are listed below
for reference;

Electron-microscope and ultra-thin microtones (1) ; Centrifuges, ultrahigh, high and low speed
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refrigerated centrifuges (10) *; High performance liquid chromatograph (1) ; Leitz and other types of
inverted phasg contrast microscopes (9); r-Counter (1) ; LKB macrophor electrophoresis unit (1) ; Bio-
Rad computer controlled electrophoresis (3); LKB multiphor electrophoresis (2); Double-beam
ultravioletl spectrophotometer (2); Electron-chemical detector (1) ; DNA synthesizer (1) ; Flurescence
microscope (1); Microscope and phase-contrast microscopes (5) ; Disecting microscopes (5) ; ZF cell
counter (1); Ultrasonic cell breakers (2); CQO, automatic incubators (9); Refrigerated concentration
trap(1) ; BloGARD hoods(10) ; Automatic autoclave(2) ;Cold+LAB(4) ;Movable cold room(1) ; Video
set and TV (1); Deep freezer, —80 C (1), —20 C (16); Refrigerators (18); Ice makers (2);
Lyophilizers(2) ; AO-cryomicrotone (1) ;elctron-balances (8) ;and a great number of smaller items.
* Indicates number of pieces.
E. SCIENTIFIC ADVISORY COMMITTEE;
Functions; 1. To provide guidance to the Director on the research activities of the Laboratory
from a near and a iong range viewpoint.
2. To evaluate the annual repott.
3. To review and comment on research proposal submuitted by individual scientist
with suggestion for funding.
Chairperson ; Zhang Zhi-y1(Chih-Ye Chang).
Members: Zheng Pei-liu,Professor,Chinese Academy of Agriculture Sciences.
Cheng Zhi-ping, Professor , Harbin Medical University.
Yang Chuan-ren,Professor, Beijing University of Agriculture.
Xiao Bi-lian Xiao,professor ,National Research Institute for Family Planning.
Xue She-pu,Professor, Institute of Basic Medical Sciences.
Shi Qi-x1an, Associate professor ,Zhe-jiang Academy of Medicine.
Gu Zhi-ping, Associate professor,Shanghai Institute of Materia Medica.
Zhang You-duan, professor, Institute of Biology , Shanghai.
Zhang Zhi-y1,Professor ,Laboratory of Reproductive Biology.
Cao Yong-qing, Professor, Laboratory of Reproductive Biology.

Zhuang Lin-zhi, Associate professor , Laboratory of Reproductive Biology.
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