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ARETRACT

The present study was‘aﬂnducted with the aim of
determining the effect of prostaglandin inhibition on
certain aspects of the reproductive system, namely ovulation
ard pregnancy, in young adult female Sprague - Dawley rats.
Frostaglandin inhibition was achieved by the administration
of two widely used prostaglandin irnhibitors, Aspirin and

e ———————

Indomethacin.

in order to determine the probable mechanism as well as
the site of action of the prostaglandin irhibitors, the
effects of human chorionic gmﬁadotrqgin {HCGE) and
juteinizing harmone (LH) on the action of the drugs were
investigated. Morphometric studies on the ovaries were also

carried out.

The experiments involved the testing of the effects of
Aspirin and Indomethacin on (i) Spontaneous ovulation (ii)
Superovulation, {iii) ovulation in the presence of exogenous
HCB {(iv) ovulation in the presence of excgencus LH, and £v)
pregnancy. 1he parameters measured were the precovulatory
plasma LH level, the preovulatory plasma FGF level, the rate
of ovulation, the pattern af follicular develmphent i the
ovary, the rate orf embryo implantation, the length of
gestation, and the number of offsprings delivered at the end

of gestation.
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The results of the present study indicate that Aspirin
and Indomethacin when given in doses that inhibit
inflammatory reactions will inhibit the process of
pvulation, including follicular development and ovum
maturation. In this action indomethacin was a stronger
inhibitor of ovulation tham aspirin. Morphometric studies
reveal that while indomethacin is effective in SUPPressing

follicular rupture, aspirin mainly retards ovum maturation.

The two drugs also caused a significant reduction in
plasma FPGF level with indomethacin again being the more
effertive of the two. It therefore appears that aspirin ard
indomethacin may inhibit ovulation by inhibiting
prostaglandin synthesis, implying that prostaglandins are
involved in the procese of ovulation. Since poth aspirin
and indomethacin are anti—inflammatory agents, the mechanlsm
of prostaglandin action on ovulation may likely be an

inflammatory one.

1+ was alen observed that hCE and LH did not reverse the
inhibition of ovulation by aspirin and indoemethacin. It is
also noteworthy that the administration of aspirin and
indomethacin did not affect the preovulatory LH level. This
indicates that aspirin and indomethacin exaert their
ovulation inhibitory action directly on the ovary and not on

the hypothalamic — pituitary axig.



The results alse revealed that while aspirin
administration during pregnancy caused no adverse effects,
indomethacin reduced the rate of implantation, prolonged the
gestation period, and caused the resorption of some of the

fetuses.

1t is concluded that prostaglandins play a crucial role
in the mechanisms involved in the processes of ovulation and

pregnancy .
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CHAPTER OME

IMTRODUCT ION

A. DOVULATION AND FPREGNANCY

The reproductive system of the mammalian female shows
regular cyclic changes in'tha ovary and the uterus, and
these changes may be regarded as periodic preparations for
fertilirzation and pregnancy. These changes are controlled
by interactions between the gonadotropic hormones, Follicle
Stimulating hormone (FSH) and Luteinising hormene (LH) and
the ovarian hormones estrogen and progesterone. One of the
events which occur in the ovary during each cycle is the
process of ovulation whereby the ovarian follicle ruptures
and extrudes the ovum (cocyte) contained in it. As reviewed
by Liprer (1988) ovulation marks the culmipation of a series
of events which are initiated by the suwge of LH which
oceurs midway through the cycle. These events include final
fmllicular growth and maturation, initiation of
iuteinization of the granmulosa cells of the follicles,
progesterone and secretion by the follicular cell=s, and the
rectructuring of the follicle wall, with resultant
follicular rupture and release of a mature fertilizable
OWViEM .

The LH surge is known to be initiated by a pre ovulatory
rise in circulating estrogen (Ganong, 1987)}) although the
mormal LM secretion is under the control of hypothalamic

Luteini=zing hormone releasing hormone (LHRH) This implies
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that the pre ovulatory elevated estrogen stimulates LHRH
release from the hypothalamus which in turn stimulates the
anterior pituitary to increase its secretion of LH.

fAfter ovulation has occcurred fertilization of the ovum
results in the formation of a blastocyst (later called an
embryo) which then implants in the uterus, and this marks
the beginning of pregnancy. A lot of hormonal secretion
oceurs during pregnancy, all of which serve to enhance
implantation as well as the survival of the implanted
embryo.

The mechanisms of events which occcur o terminate
pregnancy are not guite clear but it is known that at the
end of pregnancy prostaglandins and the hormone oxytocin are
secreted in large gquantities and they stimulate wvterine

contractions (Ganong, 1987}).

B. REFRODUCTION _IN THE RAT

The rat undergoes a sexual cycle called the Estrous
cycle. It is now well krnown that in the rat the estrous
cycle occurs every four or five days, the rat therefore
being a polyestrous animal. The estrous cycle can be
divided into four phases — the diestrous, proestrus, estrus
and metestrus phases (Daniel, 1978). The prosstrus and
estrus are anabolic stages during which active growth occurs

in varipus parts of the genital tract. They culminate in
osvulation and, where mating occurs, in fertilization.
Metestrus ie & catabolic stage characterized by degenerative

changes in the genital tract while diestrus is a period of
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guiescence or slow growth. Several early workers (e.g.
Snell, 1941; Thung st al, 1956) found that the estrous
cycle may be conveniently charted by examining vaginal
smears. Lellular characteristics of vaginal smears reflect
chariges in the structure of the vaginal epithelium which, in
turn, are dependent upon estrogen and follow a regular and
predictable course during the cycle.

Freeman (1988) inm his review stated that the events of
the estrous cycle are largely under photoperiodic control
i.e the lighting periodicity plays a dominant role in the
incidence and duration of the stages of the cycle. The
period of estrus and the time of ovulation are normallsy
controlled by the diwrnal rhythm of light and darkness.
According to Damiel (1978) reversing the time of light and
darkness reverses the time of estrus and ovulation. He also
reviewed the evidence supperting the conclusion that the
midpoint of the ovulation pericd is determined by the
midpaint of the dark phase.

As reviewed by Freeman (1988) covulation occurs
spontaneously in the rat during estrus whether or not mating
has occurred. However, ovulation may not occur at every
estrus, and estrus may not necessarily accompany ovulation
sirce the two phenomena (estrus and ovulation have different
hormonal bases. Eetrus is dependent upon estrogen secretion
while ovulation occurs in response to gonadeobtropin secretion
by the anterior pituitary. Following initial stimulation of
follicular growth by follicle stimulating hormone {FSH)

Luteinizing hormone {(LH) begins to rise resuliting in
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drastically increased secretion of follicular fluid, and
finally ovulation.

The pre ovulatory period of the estrous cycle is
characterized by a growth of ovarian follicles and &
concomitant enhanced secretion of estrogen (Shaikh, 1971).
In the 4-day cycling rat peripheral placsma levels of
petradiol are basal through estrus - but late on metestrus
through early diestrus plasma levels begin to rise. This
increase continues through diestrus and early proestrus to
reach peak values and plateau by mid-proesstrus. During the
garly evening, shortly before the dark interwval, estradicol
levels fall rapidly reaching basal values by the early
morning houwrs of esteos.,

irn rats with 4-day cycles peripheral plasma levels of
testosterone and androstenedione are found to be similar to
those of estradiol {(Duporn & Kim, 1973). This similar
patterns of secretion for the androgens and estrogens
suggest that the two classes of hormones come from the same
argan, the ovary, and that their synthesis, secretion, and
controls may be interrelated. Just like for estrogen, &
large increase in progesterone secretion occurs during the
afternoon and evening of proestrus. It reaches peak levels
around the time Df"the LH peak in the early evening and
returns to basal levels by the morning of estrus (Freeman,
1788). A second major peak (of luteal origin) begins about
mid~day on metestrus and falls to basal levels during
diestrus.

As pointed out by Schwartz and McCormack (1972) the
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secretion of LH is low from laté estrus to early proestrus
pecause of the negative feedback provided by ecstrogen and
progesterone from the ovaries. The level then begins to
rise reaching a peak (LH surge) in the evening of

progstrus. The pattern of FSH secretion bears some basic
similarities to that of LH e.g. the control by ovarian
hormones. However, some workers have reported a basic
difference in the bimodal pattern of FGSH secretion during
proestrus through early estrus (Butcher et al, 19743 Ashiru
and Blake, 1979).

When the rat cervix and vagina are stimulated during
estrus either mechanically or by coitus, prolactin is
released from the anterior pituwitary ta enable the corpus
luteum to secrete progesterone {Whittingham, 197%9). This
secretion continues for about thirteen days when, if
fertilization has occurred, the placenta is fully developed
and takes over progesterone secretion.

As in all mammals the process of parturition in the rat
iz the result of the action of oxytocin on the myometrium of
the utaru?‘when it is sensitized by estrogen. Ganong
(1987)revfééedrthat Lterine contraction by oxytocin is

facilitated by prostaglandins.

C. FPROSTAGLANDINS AND THEIR GENERAL FUNCTIONS IN THE

CONTROL OF REFRODUCTION
Frostaglandins (FGs) are biologically—-active lipids that
are believed to be synthesized in prabably every tissue of

the body, including the brain. They are a series of closely
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related 20-carbon unsaturated fatty acids containing &
cyclopentane ring. FPGs are divided into groups (E, F, etc)
on the basis of the configuration of the cyclopentane ring.
The number of double bonds in the side chains is indicated
by subscript numbers (see fig.é}) e.g FGE is an E group
PG with two double bonds. This number depindﬁ on which of
the I precursor fatty acids has been utilized. Linoleic
acid gives rise to FG series, Arachidonic acid gives rise
to FG  series and Pentanoic acid gives rise to FB6

2 A
ceries.

C.1. Eiosynthesis

FGe are synthesized from essential fatty acids which
have been incorporated into the phosphalipids of cell
membranes (see fig.4 ). They are esgsentially local hormones
acting at, or near, éheir site of synthesis, and are
jpactivated in the lungs during one circulation in the
bloodstream. The family of FGs with the greatest bioclogic
activity is that having two double bonds, derived
fromarachidonic acid, which is also the main precursor of
prostaglandins in humans. Arachidenic acid can be obtained
from two sources - directly from the diet (from mé;ts) or by
formation from its precursor linoleic acid which is found in
vegetables. AS reviewed by Speroff et al (1984) the release
of free arachidonic acid is the rate—1imiting step in the
formation of prostaglandins, and the prostaglandins which

are of relevance to reproduction are FEE and FGF . and

~

possibly FGD which are all derived from arachidonic acid.
e

£

i~
o
4
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Prostaglandins have attracted great attention because
they have been found to have a wide variety of actions, even
when administered in small doses. They seem to have some
effect on almost all theiﬁsystemg of the body especially the
gastro—intestinal Eystea; reproduction and the endocrine
system (Johnson & Everitt, 1984). Cyclic AM™ is known to be
invoelved in most if not all of these prostaglandin actions,
and it has therefore been widely speculated that perbaps the
various prostaglandins act to adjust the generation of
cyclic AMF in response to various stimuli (Tsang et al,

1980; Armstrong, 1981).

C.2. 0Ovulation and Luteinization

Several workers (e.g Satob et al., 1983) have found that
there is a pre ovulatory increase in prostaglandins in the
follicular fluid and ovarian venous blood indicating that
FGs play important roles in the process of ovulation. Also
ovulation is known to be initiated by an LHRH induced
cyclicsurge of LH secretion from the pituitary. Likewise
the synthesis of PGE and FGF compounds by ovarian tissue in
several species is stimulated by LH and cyclic AMP . This
field has heen reviewed by other workers including Goldberg
and Ramwell (1977), Johnson and Everitt (1984) and Rhodes et
&1 (1985).

In non—-primate mammals prostaglandins appear to have a
mandatory role in the rupture of ovarian feollicles although
there is still some controversy as to whether this role is

by a direct action or by modulating the actions of other
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reproductive hormeones. The involvement of prostaglandins in
the regulation of ovarian follicular function was first
postulated on the basis of the demonstration thatrinhibitors
of prostaglandin synthesis (e.qg. aspirin and indomethacin)
were capable of blocking ovulation in rats. {Armstrong and
Grinwich, 1972; Orczyk and Behrman, 19723 Lipner, 1988).
These findings were soon confirmed in several other species
including mice, goldfish and rabbits. In rabbits (Grinwich
et al, 1972) and goldfish (Stacey and Pandey, 1973%) the
inhibitor was effective when applied locally to the
follicle, indicating that the blockade was exerted directly
upon the follicle rather than being mediated via some
indirect mechanism, such as through the inhibition of
gonadotropin secretion. Further evidence of a role of
prostaglandins at the follicular level was provided by the
findings that imtra follicular levels of prostaglandins E
and F increased markedly in several of these species
shortiybefore ovulation (Ainsworth et al., 1973, 1979x).
Indomethacin at dosages which prevented ovulation
effectively prevented these increases in FG levels. It was
also observed that injection of antiserum against
prostaglandins blocked the LH-induced ovulation in estrous
rabbits (Armstrong, 1981} and this added support to the
concept of a role of FG in ovulation.

=3

It has been found that exogenous PGE generally mimics
2

=

the effect of LH on isolated follicles. Thus ovum
maturation (Lindner et al, 1980) sterocidogenesis (Holmes,

1983) and luteiniration {(Armstrong, 1981) increased



- 11 -

adenylate cyclase activity (Mason and Marsh, 1975%) and many

pther changes in ovarian intermediary metabolism are

stimulated by FGE just like LH does. FGF 1is generally
2 2
less effective in mimicking the actions of LM in these

-3

processes, This implies that PGE may be of greater
2
importance than FGF . 0On the contrary Kabayashi et al

~

g

(198B1) observed that FGF stimulated follicular
2
maturation in the rabbit ovary whereas PGE  had little
2

effect. Some earlier investigators {(Channing, 1%972; Kueshl
et al., 1972} had sugoested that the actions of LH were

mediated via FGE , but later results suggest that LH and

2
FGE independently affect these processes via the
2
adenylate cyclase system. The evidence for this includes

blockade of ovarian prostaglandin synthesis by indomethacin
which was found not to affect either the LH-induced ovum
maturation or the increase in cyclic AMP
concentrations(Lindner et al, 198G}.

There is also the feeling that although LH and PGE act

Jindependently it is possible that prostaglandins may

reinforce the actions of LH in these functions., LeMaire and
Marsh (197%9) studied follicles taken at intervals from
HCG—treated rabbits and found that those follicles showing
signs of ovulation had higher concentrations of FGE and FGF
before ovulation compared with non—ovulating follicles.
Moreover, c&clic AMF concentrations which may be expected to
parallel-increaﬁing FGE and FGF concentrations did not
increase as ovulation approached. Similarly LH loses its

ability to stimulate cyclic AMF in this system as ovulation
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approaches.
It is generally accepted that the process of follicular
rupture requires the presence of prostaglandins, and here

FGF may be more important than FGE as the latter

2 2

o

has been found to actually reduce ovulation in the rabbit
{(Diaz~-Infante et al, 1274). Several workersg (e.g.
Kobayashi, 1981) have found that the three processes of
follicular ovulation can be brought about by exogencus
prostaglandin in the absence of LH, yet only the final
LH-response i.e follicular rupture, is consistently blocked
by inmhibition of prostaglandin synthesis.

In rats and many other laboratory animals, indomethacin

or antiserum to FGF given systemically or directly into

~
£

the follicle inhibits ovulation, and this can be overcome by
prostaglandins. Some studies (Tsafriri et al, 1973;Lindner

et al, 1980) have indicated that FGE can overcome the

- ¥
o

ovulation blegck caused by inhibition of the LH surge with

pentobarbitone, and that in this situation the FGE

b

appeared to have a direct effect on the ovary in addition to

stimulating pituitary LH release. Since FGE was unable
2

to effect ovulation in hypophysectomized rats (Sato et al,
1974) and LH cannot generally induce ovulation in rats
treated chronically with indomethacin, it has been suggested
that LH and FGE are both essential for ovulation, and that
FGE may act in part by an effect on the

hypothalamo—-pituitary axis. Hecause FGF is less

2

effective than FGE in stimulating hypothalamic
o]

-4

gonadotrppin-releasing hormone (LHRH) and subsequent
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gonadotropin release it may not have this central component

as part of its atction.

In a review, Lindner et al (1980} indicated that
administration of PGE to phenobarbital-blocked rats will
elicit an LH surge adgquate to cause ovulation and that this
response to LH is prevented by passive immunization against
LHRH indicating that it depends on a FG effect on the
hypothalamus, This view received further support from
previous experiments showing that FGE does not stimulate
LH release from cul tured hemipituitarfeg, and that
indomethacin and aspirin fail to inhibit the LHRH induced LH
release from hemipituitaries in vitro (Naor et al, 1975).

Prostaglandins have also been implicated in the process

of luteinization. Armstrong (1981) reviewed that

FGE could induce morphological luteinization and stimulate

-
“Z

progesterone secretion in cultured granulosa cells. He went
further to say that the inhibitors of FG synthesis and
action prevented LH-induced luteiniration, and that this
effect could be reversed by administration of exogenous
FEBE . Morepover PBE levels remained elevated longer than
PBFilevels after ovulation suggesting that while FGF may
be more important for follicular rupture FGE may plai a role
in the luteinization process which normally follows
ovulation.

To establish more firmly that prostaglandins play a
physiologic role in the processes leading to follicular

rupture, it had to be shown that they are farmed in the

fallicle in response to the ovulatory surge of LH. This has
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indeed been shown to be the case by sarlier workers
including Rauminger and Lindner (1973) who found that
follicular prostaglandin content increases after exposure to
{H after a lag of 2 to 4 hours and reaches a peak towards
the time of ovulation with a marked (rat) or slight (rabbit)
preponderance of FGE over PGF. Th;g rise can be enhanced by
the administration of LH in the morning of proestrus, or
prevented by treatment with phenobarbital or anti-LH serum.

The synthesis of FG  in the ovarian follicle was also
recently confirmed by Sitoh et al {(1985). These workers
cultured immature rat ovarian follicles primed with 10 1.u
of PMS for 48 hours and showed that exogenous hCG had
dose~dependent stimulatory effects on the production of
FG but not that of progesterone. 0On the contrary
in?ibitmrs of protein synthesis like puromycin and
actinomycin D inhibited production of prostaglandins as well
as progesterong dose—dependently. This suggests that the
action of LH on the matured follicle results in the
stimulatieon of cyclooxygenase through activation of protein
biosynthesis

Armetrong (1981) investigated prostaglandin production
by the human follicle as well as the effects of
prostaglandins on human follicular cells. His results
indicated a significant production of FGF by cultured
follicles when the gonadotropins HMG and hCG were added to
the culture media. His investigations with isolated

follicle cell types indicated that both the theca and

granulosa cells have the ability to produce substantial
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amounts of prostaglandins in culture.

C.3. Luteclysis

In most mammals (with the notable exception of primates)
it is found that luteal life can be prolonged considerably
by removing the uterus. If the endometrium of the excised
uterus is homogenized and injected, then luteolysis does
occur. These results led to the suggestion that a humoral
factor passes from the endometrium to the ovary and causes

luteolysis. The identity of the endometrial substance

responsible has now been established as FGF and it
2
causes luteal regression in many species. Speroff et
al(i984) reviewed the evidence that FGF is the agent
2

responsible for terminating the life span of the corpus
luteum if fertilization fails to take place. The FPGF
originates in the endometrium, and its synthesis is :
stimulated by the estrogen being produced in the growing
fullicles. According to these authors PGF is
transported directly to the corpus luteum ihrough the
vasculature connecting the ovary and the uterus, thus
achieving an effective concentration at the corpus luteum
and avoiding a systemic level with widespread actions.

The mechanism of PGF —induced luteolysis is
two-fold @ a rapid anti—EH action followed by a slower loss
of LH receptors in the corpus luteum (Behrman, 1979). The
rapid action is expressed only in intact cells and appears

to be the result of some mediator that blocks LH receptor

activation of adenylate cyclase. The slower response is an
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indirect action, interfering with prolactin are necessary
for maintenance of the corpus luteum species. Both LH and
prolactin have been shown {Grinwich et al, 1976) to protect
the early corpus luteum from FGF —induced luteolysis.
The control of luteolysis inzprimates does not involve
uwterine prostaglandins. The levels of PGs secreted do rise
in the late luteal phase but neither hysterectomy nor
antibodies to prostagléndins prolong luteal life. Moreover
injections of prostaglandins are without effect on the
corpus luteum unless very high doses are used and even them

only a transient drop in progesterone output occurs

{Johnsonand Everitt, 1984).

.4, Implantatioan

The involvement of prostaglandins in implantation is
poorly understood. Lau et al (1978) showed that
Indomethacin treatment in early pregnancy prevented
implantation, and that this could be overcome by
administration of PGE or FGF . Moreover it was found
that implantation thai is bloiked in ovariectomized mice
could be overcome by.hormone replacement with progesterone
and estradiol but this reversal was prevented by
Indomethacin (Saksena et al, 197#). As shown by several
other workers, there is evidence to suggest an involvement
of prostaglandins in implantation and subsequent fetal
development. Phillips and Foyser (1980) showed that in the

rat there is an increase in the synthesizing capacity of the

uterus for PGE and PGBF on day 9 of pregnancy,
2 1
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suggesting a role for these PG  in the process of
=}
implantation. They also observed that implantation is

delayed by treatment with Indomethacin (a further evidence
faor the role of FG6 in implantation), and that
Indomethacin also ?ntarferes with subsequent development of
the blastocyst, again suggesting that FG  are important

s

during the early stages of pregnancy.

C.5% Farturition

in as much as prostaglandins are necessary for
implantation to occur they are alsoc known to enhance uterine
contractions in the latter stages of pregnancy. As reviewed
by Johnson and Everitt (1984) it is now known that towards
the end of pregnancy there is an increase in the estrogen/
progesterone ratio and this stimulates the synthesis and

release of FGEF in the uterus. PGF iz the

2 2

activator of the mechanical events at parturition i.e
myometrial contractions and cervical ripening. It is also
suggested that oxytocin may further enhance the synthesis
and release of PGF as parturition proceeds. According
to Speroff et al. ?1984) the evidence for a role of
prostaglandins in parturition includes the following:-
{a) prostaglandin levels in maternal blood and amniotic
fluid increase in association with labour.
(b) ararhidonic acid levels in the amniotic fluid also
rise during labour.
(c) patients taking high doses of aspirin have a highly

gignificant increase in the average length of

gestation, incidence of post-maturity, and duration
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of labour.

(d} Indomethacin prevents the normal onset of labour in
monkeys, and stops premature labour in human
pregnancies

{e) stimuli known to cause the release of
prostaglandins (e.g cervical manipulation, ruptur @
of membranes) augment or induce uterine
contractions

tf) prostaglandins induce labour.

The presence of prostaglandins in uterine tissues
of several laboratory animals (e.g rat, mouse, guinesa pig,
hamster} has been established, and intravenous

administration of FGE and FGF is known to

- [
- -

stimulate uterine activity in these animals. However, as
reviewed by Labhsetwar (1973) the response of the uterus to
FBs depends upen the steroidal environment to which 1t is
exposed. For example under the influence of progesterone,
isolated uterine segments of the guinea pig and rabbit are
known to show decreased motility in response to

prostaglandins.uf;;s author also observed that PGF

2

~induced parturition is associated with & rapid fall in
peripheral plasma progesterone level. Another worker, Earim
(1978), observed that drugs which inhibit prostaglandin
synthesis (e&.qg aspirin, indomethacin and fernamic acids) can
delay parturition in laboratory animals and women.

The response of the buman uterus to prostaglandins is
known to be dependent upon several factors. These include

the type of prostaglandin used, route of administration,
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whether the subject is pregnant or non—pregnant, and whether
the studies are carried out in vitro or in vivo. FPGE
compounds are known to relax the non—-pregnant human uterus
but generally stimulate the pregnant uterus in vitra. FKarim
and Hillier (1973) showed that FGF compounds stimulate
boththe non-pregrant and pregnant uterus in vitro and in
vivo, while Klem et al (1982) successfully irduced
parturition in the mare with FGF

The route of administration if prostaglandins 1s known
to affect uterine response. Toppozada et al (1977) found
that the intact non-pregnant uwterus is usually stimulated by
FGE when given intravenously. They also found that -

2
intra-uterine administration of FGE during the

)

ra
secretory and proliferative phases of the uterine cycle

causes uterine stimulation but at mid-cycle it inhibits
uterine contraction. In contrast Martin et al (1978) found

a marked decrease in sensitivity of the non—pregnant uterus

to FGE and FGF at the time of ovulation, but did
2 2
not cbserve an irnhibitory response to PGE They
=

Low

suggested that the lowest sensitvity to FGE isg

-
au

correlated with the highest estrogen concentration.
According to Earim & Hiller (1979) PGE compounds always

stimulate the activity of the pregnant human uterus in vivo

and in vitro. The sensitiviy of the pregnant uterus to FGE

and PBF compounds increase with the progression of pregnancy

although this increase in sensitivity is known to be

slight. They reviewed that in lower animals uterine

contractility is generally stimulated by the addition of



prostaglandin, and suggested that the effects of exogenous
puytocin in stimulating the rat uterus may be mediated by
prostaglandins because this stimulation can be reduced
hyindomethacin in doses that do not inhibit

prostaglandin-induced contractions.

D FROSTAGLANDIN INHIBITORS

The process of ovulation has been likened to that of
inflammation. In fact Espey (1982) hypothesised that
follicular rupture is brought about by an inflammatory
reaction in mature follicles. In comparing ovulation and
inflammation many workers have reported a number of
similarities in the two processes e.g (a) the occurrence of
vasodilatation and vascular permeability (Cherney et al,
197%5; Lewié, 1977y (b} the presence of}leucmcytes and
macrophages (Espey, 19743 Bonta and Parnham, 1978) () the
synthesis of cAMP (Hunzicker—Dunn et al, 1979; Lamprecht et
al, 1979; Lindgren et al, 1978) (d) the release of histamine
{Wallach et al, 1978; Knox et al, 1979; Kitai et al 198%)
() increased prostaglandin synthesis (Wallach et al, 1975;
Tsang et al, 1977; Lewis, 1977).
1t therefore stands to reason that an anti-inflammatory
agent may be eupected to be an anti-ovulatory agent as well
as an inhibitor of prostaglandin synthesis.

According to Espey (1982) anti-inflammatory agents can

be divided into a number of categories:-—

(1) the sterpidal anti-inflammatory agents e.qg
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devamethasone, hydrocortisone, and other

corticosteroids (2} the non-steroidal
anti—-inflammatory drugs e.g aspirin, indomethacin,
diclofenac, flufenamic acid, naproxsen and similar drugs

(%) the anti-necplastic drugs with anti-inflammatory
properties e.g colchicine and other
immunosuppressants which commonly inhibit the
metaphase stage of cell division.

{4) a wide variety of other agents that suppress
inflammation to some extent e.g chloroquine (an
antimalarial agent) and acetaminophen {an
antipyreéic agent).

As far as their effect on prostaglandin synthesis
is corncerned, the non-steroidal anti-inflammatory drugs are
believed to act by inhibiting the biosynthesis of
prostaglandins from arachidonic acid (see fig. 2), and this
they probably do by inhibiting the enzyme cyclo-oxygenase at
the nociceptor level (Girdwood, 1984). On the other hand
cortico-steroids are believed to produce their
anti-inflammatory and analgesic effects‘by interfering with
the production of arachidonic acid from phospholipids by
inhibiting phospholipase A

Non-sterndial anti—inf?;mmatmry dirugs may act by

preventing prostaglandin from sensitizing pain receptors to
other endogenous pain-producing substances, and since it is
believed that prostaglandins acting on the brain may cause
fever, this may explain why aspirin and indomethacin are

antipyretics as well as analgesics (Girdwood, 1984). All the



above tend teo suggest that one of the steps in the mechanism
of ovulation is the inflammation process. However Epsey et
al (19811 found that oedema and follicle enlargement (some
normal preovulatory occurrences) occur when ovulation is
blocked with indomethacin. They therefore concluded that
the determinants of ovulation are neither ogdema nor
inflammation per se, but instead, synthetic mechanisms
inherent to the preovulatory follicle and initiated by LH.
Aspirin is known to be an irreversible inhibitor which
selectively acetylates the fatty acid dioxygenase involved
in preostaglandin synthesis, while indomethacin i=s a
reversible agent forming a reversible bond with the active
site of the enzyme cyclo—oxygenase (Speroff et al, 1984).
The analgesic, antipyretic and anti-inflammatory actions of
these agents are mediated by inhibition of cyclooxggenase.
While indomethacin is a very potent inhibitor of
cyclooxygenase aspirin is only a mild inhibitor (Espey,
198%). Espey showed that indomethacin was more effective
than aspirin in inhibiting ovulation in the rabbit, and the
degree of inhibition of ovulation paralleled the degree of
inhibition of prostaglandin synthesis. He suggested that
prostaglandin inhibitors must completely abolish the
preovulatory elevation of prostaglandins in mature follicles
in order to totally inhibit ovulation. However, Satoh et al
(1985) reasoned that since cyclooxygenase inhibitors like
indomethacin block not only cyclooxygenasge but also
otherenzymes, their action in suppressing ovulation cannot

be attributed sclely to their inhibition of prostaglandin



- 23 ~

production. They therefore compared the action of antiserum
to cyclooxygenase with that of indomethacin. They found
that administration of the antiserum inhibited ovulation
with concommitant decrease in prostaglandin production.
Conclusive proof was obtained by demonstrating that the

ovulation that bhad been inhibited by suppression of

prostaglandin production would be recovered by
administration of prostaglandins. In an earlier work Espey
(1982) revealed that indomethacin {and other non-steroidal
anti-inflammatory agents) can interrupt the ovulatory
process even after the follicle has begun producing
substantial amounts of prostaglandins. This suggests that
prostaglandins need to be produced continuously in the

follicle up to the time of actual rupture.

E  SUPERDVULATION

Superovulation is the process of inducing ovulation by
stimulating the ovaries such that there is enhanced
follicular growth and maturation and subsequent increase 1in
the normal ovulation rate. According to Greenwald and
Terranova (1988) various methods have been used for
superovulation and they all act by affecting either
exogenous or endogenous levels of gonadotropins. These
workers reviewed three mechanisms of action which have been
suggested for the effects of gonadoitropins on
folliculardevelopment and these are as follows:—  (a)
follicles already undergoing early atresia are presumably

"resocued” as a result of vigorous mitotic activity in
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agranulosa and/or thecal compartments (b) smaller healthy
follicles are recruited into a more active growth phase, and
{c) the rate of fellicular atresia is reduced.

In laboratory animals and large domestic species
superovulation is usually induced by injection of Fregnant
Mare’'s Serum gonadotropin (FM5G), followed by Human
Chorionic Gonadotropin (hCB), and it yields about 3 to 4
times the number of ova shed during spontaneous ovulation
(Cole, 197%). PMBG is structurally similar to hCG (Moore et
al, 1980) and is known to function almost exclusively as an
LH-1like hormone in the mare and the stallion but in other
species like the rodents, however, FMSG has both FSH and LH
like activity (Stewart and Allen, 1979: Licht et al, 1979)
and it promotes follicular growth. HhCG is biologically
similar to LH and therefore simulates the mid-cycle LH
ovulatory surge, causing final follicular maturation and
ovulation.

In humans superovulation is achieved by giving a
caombination of Human Menopausal Gonadotropins (HMG) and
hCG, and the system serves as a very important step in the
process of In-Vitro Fertilization and Embryo Transfer which
is seen by man? as a last step in the treatment of
infertility. It iz also used to treat anovalation in
womern. HMG is a purified preparation of gonadotropins
FSHand LM, extracted from the urine of post-menopausal
women. It stimulates follicular growth and maturation.

The interval between the injection of hE6 and ovulation

varies according to species. In rats and mice ovulation
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occurs about 12 hours after hCG injection while in humans
ovulation occurs about 36 bours after hCG injection.

According to Speroff et al, (1984) the events which
occur in the ovary finally culminating in spontanegus
ovulation or superovulation are the results of
hypothalamic~pituitary—-gonadal interactions. The
hypothalamic releasing hormone, LHRH stimulates the anterior
pituitary causing three positive actions (&) synthesis and
storage of gonadotropins LH and F8H (b)) activation and
movement of stored gonadotropins for direct secretion and -
{(c) immediate release of gonadotropins. FSH in turn is
known to stimulate follicular growth within the ovary along
with follicular estrogen secretion while LH is responsible
for the final maturation of ova within the follicles, and
ovulation. The interplay among these substance is governed
by feedback effects, both positive stimulatory and negative
inhibitory. Workers like Satoh et al (19835) have found that
FGs of the E and F series increase markedly in the
preovulatory follicular fluid reaching a peak concentration
at ovulation, and that inhibition of FG synthesis blocks
follicular rupture. These authors bhave shown that the
mechanism by which prostaglandins induce follicular rupturgs
by acting on the prostaglandin receptors and
activatingproteolytic enzymes like plasmin to rupture the
apex of the follicle thus discharging the oocyte.

Because of the complex interaction of the
hypothalamus~pituitary—gonadal axis and the implication of

FGs in the ovulation process it might be a worthwhile effort
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to investigate further on the mechanisms by which FGs affect
ovulation by looking at the interactions between FG
inhibitors and the hypothalamic-pituitary-—-gonadal
secretions. This will help in determining the level at

which prostaglandins exert their effect.

F  PURPOSE_OF STUDY

The aims of the present study were:-—

(1) +to determine the effect of two widely used
prostaglandin inhibitors Aspirin and Indomethacin
on {(a) ovulation (b) superovulation, and ()
implantation, lenagth of gestation, and number of
offsprings delivered at the end of gestation.

(2) to determine the effect of Human Chorionic
Gonadotrophin (hCG) and LH on the action of Aspirin
and Indomethacin on ovulation and PG secretion

(3) to carry out morphometric studies on the ovaries of
rats which have been subjected to the above
treatments.

Results from 2 and 3 will help to establish the site of
action of the inhibitors, and suggest probable mechanisms of
action.

Investigations on the inhibitors of prostaglandin
synthesis cannot be overemphasised because of the importance
of prostaglandins to fertility, and guspecially in the
treatment of infertility including early trimester
abortion. Knowledae in this area will therefore help in the

control of fertility.
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RESEARCH METHEDS

Animals

ALl experiments were conducted on female Sprague-Dawley
rats (in—hred at the animal house of the College of
Medicine, University of Lagos). The rats were 12-20 weeks
nld and weighed between 120 and Z00gms. They were fed with
rat pellets (Ffizer Nig. Ltd), and water &d libitum, and

0 o
were kept in a temperature-contrelled (27 =30 ) and
light—controllied roem with 12 houwrs lighting (from 07.00
hre.,—-19.00hrs. Jand 12 hours darkness. This was to ensure
proper and regular cycling. The rats we}e kept for 14 or
more days before the estrous oycle was monitored by daily
vaginal lavage. This way the rate were allowed to adapt tor
their new environment, a factor which also prevents
irregular cycling.

A daily (morning) lavage was done to determine the
epithelial cells predominantly present in the vaginal
lavage. The predominant presence of mucleated cells 1z an
indication of the proestrus stage, cormified cells indicate
estrus (ovuwlaltion having occurred) while the predominant
presence of leuwcocytes with or without epithelial cells
signifies the metestrus/diestrus stages. Only rats which
evhibited two or more consecutive normsl d-day estrous
ocycles wers ueed. The male rats which were used to mate the

famale rats were also in-bred Sprague-Dawley species of

proven Tertility,
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LH - induced ovuwlation (Supsyovulation)

Fats were superovulated by the injection
(intra-peritoneal) of 10 I.U FMBG (Sigma Chemical Co.,
U.S.6) in the afternoon of diestrus followed by 10 I.U hCG
(Sigma Chemical Co., U.5.A) 48 hours later, as described by

Guinm and Harlow, 1978,

Ova Recovery

va were recovered from female rats by sacrificing them
about 12 hours after ovulatiorn, and then removing both
oviducts into petri dishes Emntaini?g normal saline
solution. The ampullae of the oviducts were punctured with
a 26 - gaunge disposzable needle while the rest of the oviduct
was teased out with the needle (Hoppe & Pitts, 1973). This
reculted in the relesse of ova suwrrounded by cumulus cells.
The ova were pipetted into a clean petri dish, counted and
examined properly. The whele procedurs was carried out
under a stersoscopic dissecting microscope at a total

magnification of xZ0.

Arcording to Biggers et al (1971) and Roblero and Riftfco
(1598&) avulation oceurs about 12 hours after hLCE treatment,
and in rate and nice the ova move into the oviduct about 4
houtrs later (i.e. 16 houwrs after hUG treatment) where they
remain for at least 24 hours before moving into the uterine
morne (fig 1). Therefore in the present study pva recovery
in superovulated rats was done by sacrificing the rate 20

hours after hCH irjeclion.
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In spontaneocusly ovulating rats, ove recovery was done
by sacrificing the rats in the afternoon of estrus
whareafter the oviducts were removed and then recovered by

tewasing out.

Radipimmunoassay

Radioimmunpassay of serum FS5H and LH was performed
according to instructiens contained in the Amerlex - M FSH
and LH radioimmuncassay kits which were purchased from
Amersham International (U.HE).

The radioimmunoassay method depends on the competition

125
hetween FSH/AH in serum and I-labelled FSH/LH for a

limited number of binding aiteg dn an FSH/ALH specific
28
antibody. The proportion of the H I-labelled FSH/LH
bound to the antibody is inversely related to the
concentration of unlabelled FSH/LH present in the sample.
Standard FEH/LH samples {(containing known amounts of

FSH/LHY and the unknown serum samples were mixed thoroughly

with the corresponding anti-serun (anti- FSH serum / anti-LH

o
sarum) and the mixture was incubated at 7 c Tfor 1 hour.
".'_\ C|
The I—labelled FEH/LH was then added, and the mivture

o
was then incubated at 28 o for 2 hours., The antibody

bound FSH/LH was reacted with the Amerlex - M second
antibody reagent and the mixture was centrifuged at £, 000

fop.m. for 1% minutes. Following decantation of the

L

wha

supernatant the proportion of I-lahelled FBEH/LH bound
in the presence of reference standard sglution was

determined by counting the amount of radioactive comprrand ,
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126

and a graph of I counts against FEH/LH concentrations
was plotted. The concentration of FSH/LH present in the
unknown samples was then interpolated from the graph.
Gerum FSH/LH is expressed in terms of ml.U/ml.
Measurements were done in duplicates and the results were
averaged. Radicactivity was determined by using a gamms
srintillation counter (mini— azsay type &-320, mini -
instruments Litd. Eesen, England).
Bipassay
A bicacsay of plasma prostaglandin was performed
according to the method of Miller et al, 1984. This was

done by recording the contraction of the rat stomach strip

when sugpended in the different plasma samples. The rat
stomach strip contracts in response to FEIZ as well as to

FGE and FGF {(Omini et al, 1277) and therefore
zZ 2&

reflects changes in the concentration of these

prostaglandins. This musculotropic activity was quantified

as PGEF eguivalents by finding the experimental response

28

af the rat stomach strip to standard concentrations of

FEE (fig 2. Contractions were meastred with a

.o

Harvard isotonic transducer {type FT 10y and recorded on &

Grass Model 7D polygraph (fuincy . M.y, W.5.8). The

magnitude of contraction of the stomach strip when suspended

in a plasma sample was thus used to determine the

concentration of FGF im the particulaos plasma sample
g.s

(fig 2).
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Frior to recording a calibration of the transducer was
done by attaching known weights of G300 mg and recording the
amplitude of the deflection.

The rat stomach strip was inserted into the inner
chamber of the organ bath apparatus with tyrode solutior in
it. The polygraph was then left to equilibrate with tissue

for about 1 hour before recordings were made.

Morphometric Studies

Morphometric studies on the ovary were carried out a.
described by Fagbohun et al (1987). Ovaries from control
and treated rats were removed immediately after cervical
dislocation and fixed in Bowin's fluid, a fixative that is
known to keep well, penetrate rapidly and evenly, and which
causes little shrinkage of the specimen (Qulling, 1974).

The ovaries were then dehydrated in ascending grades of
ethanol (70%, B0%, 90% and 100%). Thereatter they were
cleared in chloproform. This was followed by tissue

ul
infiltraticn in molten paraffin wax in the oven &t 60 L,
and then embedding and blocking out the tissues in molten
paraffin wax. The tissue blocks were trimmed and fired onto
woodern biock for sectioning.

Berial sections of the ovaries were cut at 10 micrometer
(um) thickness using a microtomne (Leitz Wetzlar Minot -

th
Mikroton Type 1212). Every & secbion was mounted on
slides and dried on a hot plate. The day monanted secticons
wiere then deparaffined by passing them through aylens, and

rehydrated in descending grades of ethanol (1004, F0%4, S0%,
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CONTROL - Plasma sample from untreated rats.

ASPIRIN - Plasma sample from rats treated with

(100mg/kg} 100mg/kg Aspirin.
+ FIG. 4 - Pen deflection of standard PGF, jJsolutions

. and some unknown plasma Bampleg during PGFF

bioassay.
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The apunted sections were stalned In hagmatocsy ting,
rinsed off with cistilled water ang then differzntiated in
acid alcohol., They were then counterstained in eosin,
Finsed in distilled water, finally dehyrated in ascendinag
grades of ethanol (70%, 80X, 90X and 100%W) and cleared by
passing them through xylael, whereatter they were mounted by
inverting each slide ovar a drop of xyleise placed on a cover
siip. The stained esctions were air dried and kept for
tight microscopic examination.

Thie stained sections were observed under the light
microscope at & total magrification of <100 for the numbes
of fellicles and more importantly the bype of follicles (f1g
cenes) present in the sections. EBoth the atretic and non-
atretic follicles were counted. The coriteria used for the
determination of atresia includes granulosa cell
degeneration, divided and fragmented ovum, collapsed o
abhsent zona pellucida.  The non - streftic follicle we-o
futher classified inte preantral,. antral and preovulatory
follicles (Ross and Vende Wiele, 19813 Speroff &t 21,

182, In addition corpora lutea in each section were alzo

counted.

Drugs and Iniections

{1y The anti-inflammatory prostaglandin inhibitors used

were Aspirin,acetyl salicylic acid, (Aspegloc, lLaboratoires

Synthelabo, France) and 2) Indomethacin — (i-p~chlorobenzoyl
1=

w Bo— mebthody - 2 o~ methylindol - 3 - acetic acid), Signa

chemical Company, U.S5.6.
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FIG, 5 « DPhotomiorograph showing a preantral folliele (arrowed)
(x 400) within the rat ovary.
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F1G, 6 « DPhotomicrograph showing an sntral folliecle .(arrowed)
{x 400) within the rat ovary.
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Photomicrograph showing a preovulatory follicle (arrowe
(x 400) within the rat ovary.
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F1G, 8 =~ PFPhotomicrograph showing an atretic follicle (arrowed)

(x 400) ‘within the rat ovary. Note the degeneration of ocvum
and granulosa cells.



flther drugs used were
(a) Fregnant Mare Serum Gonadotropin, FMSE (Sigma Chemical

Company, U.5.4.)

{b) Human Chorionic Gonadotropin, hCE (Sigma Chemical

Company, U.5.4
(cy FBF {Sigma Chemical Company, U.S5.4)

T
(d) HathLH (MNetional Institute of Arthritie and Metabolic

Diseases, NIAMED, — rat LH - 1 — 4, U.5.M).

All the drugs were prepared by reconstituting with
sterile normal saline (0.9% Nacl) which served as the drug
vehicle. OF was reconstituted with methanol to

ng
snsure Etabilzéy.

Aspirin was used at & dose of 100mg/kg body weicght while
indomethacin was used at a dose of 50 mg/kg body weight.
These doses were observed to iﬁhibit pvulation during
preliminary experiments. According to Girdwood (1984), The
anti-inflammatory dose of Aspirin in humpans is about 70
my/kg body wh (400 mg per tablet) while the
anti-inflammatory dose of indomethacin is about 1 mg/lkg body
weight (30 mg pegEr capsule). ALl irnjections were given
intraperitoneally with a 2é6-gacoge neesdle, and in the cree of

1/2

indomethacin a 23 - gauge needle wasg used Control

rats were injected with the drug vehicle only.

Mating techningue

To achieve pregnancy in the rats, progstrus -ats were
caged overnight with meles of proven fertility. As such as

poessible only 1 female was caged with one male (bt
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sometimese I femzles were caged with 2 males!)! to enhance the

chances of mating.

Fats are known to be noctwrnel breeders amd heast
rormally begins in the evening of prosstrus and lasts for
about 12 hours (Biggers et &l, 19781. During this period
the female ie quite receptive to the male. ovulation is
koown to occur between Q00:00 hws and 03:00 hours of the
following day, and this falls during the period of heat.

Successful mating was conftirmed the following morning by
the presence of a copulation plug in the Vagina (day O of
pregnancy in spontansous ovulation/day 1 of pregnancy in
superovalation) and by a vaginal lavage which revealed the
presence of sperme. The copulation plug is formed by a
miyxture of the secretions of the vesicular and coagulating
glands of the male, and it vsually fills the vagina from
cervix to vulva (Biggers el al, 1271). From about day % of
pregnancy progesterone secretion ceuses the vaginal lavage
to show a typical diestrus or luteal pictuwre of leucocyte
invasion, and all cyecling ie abolished. The pregnant rats
were therefore monitored by performing & daily vaginal
lavage to ensure the abolition of cycling. Any rats which
resumed cycling was taken to have had a resorption of
embryos, and were not used in the sxperimentis.

Sometines there was the need to get several rats
pregnant at the same time or to get them to be at the same
phase of the sstrous cyole. BSince thié iz difficult to
arhigeve naturally, the cycles of the different rats, were

svnchronized wsing a method described by Whittingham
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{1279).  This procedure involved the injection of several
female rats with low doses of gonadotrophins. The rats were
injected with 2 I.U PMSGE snd 48 hours later with 22 1.4 REG,

About BOX of the rats were found to be in proestrus on the

day of hE injection.

Fhotomicrography

Fhotomicrographs shown in this study were taken using
the Ieiss universal research microscope combined with an MC

6&Z photomicrographic camera at a magnification of « 400.

Statistical Analysis

Statistical comparison of data between different test
e groups were performed on the IBM Fersonal Compoter using the
Student’s t -~ test.The t-ftest is normally performed to show
whether the difference between two means is significant or
is just due to chance. Significance was tested at the 95%%

confidence level and a P value < 9.05 was therefore

considered significant.

Reaulits are expressed as means + standard errocr of mean
(s + S.E).
fne way analysis of variance (ANOVA)Y was also performed
o the IBM Personal Computer to compare dats betwesn several
different experimental groups.
w HNOVA test was done to compare means from more than two
Terimental sasmples i.e as an extension of the t-test to

“ogdate more than just tws groups.
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CHAFPTER THREE

EFFECT QOF ASPIRIN AND INDDMETHﬁEfN ON_SPONTANEDUS

OVULATION

Experiments were carried out to see 1f Aspirin ard
Indomethacin bad any inhibitory effects on spontanecus
pvulation.

Prosstrus rats (no= 30) were used for these
experimenta. The rats were divided into three groups A, B,
C. They were treated at .00 p.m. im the afternoon of
progshrus.

Group A rats were injected with Aspirin (100 mg/s kgl .
fGroup B rats were injected with Indomethacin (50 mg/slkg)
while Group © rats served as the control and were anjected
with the drug vehicle (sterile normal saline) only.

4 rats from each Qroup wersa sarrificed by cervical
dislocation at &6.00 p.m. on the day of proestrus. RBlood was
immediately colliected through a cardiac puncture, and serum

3
fram the blood was stored at ~20 C for subsequent hormone
(LH and FGH) and prostaglandin assay.

The folleowing morning all the remaining rats whose
vag inal smesars consisted of cornified cells were agsumed to
have ovulated. They were sacrificed by cervical dislocation
and blood was again immediately collected by cardiac
puncture for hormong assay. The ovaries were sxcised and
fived in Bouin's solution while the oviducts were teased out

ard observed Tor Ova.
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RESULTS

Ovulation

The pattern of spontaneous ovulation when Aspirin and
Indomethacin are injected is shown in Table 1 and Figure.LQ.
Both Aspirin and Indomethacin significantly (F<0.00)
reduced the rate of ovulation as well as the number of ova
shed by the ovulating rats. The effect of Indomethacin was
more remarkable im that it did not only suppress ovulation

more effectively than Aspirin, it did so at a much lowetr
dose (Indomethacin 50 mg/kg, Aspirin 100 mg/kg). Many of
the ova shed during Aspirin treatment were observed to be

immature (fig. 15)

PG level

Measurement of preovulatory levels of plasma FGF in

2
A

these rats revealed that PG level is gignificantly reduced
(P<0.05) with Aspirin administration and further redursed
with Indomethacin administration (table Z).

LH & FSH

Freovulatory plasma LH levels did not chamge with
Aspirin or Indomethacin treatment (table 3) at doses which
normally inhibit ovulation i.e 100 mg/kg and 50 mg/kg
respectively.

In preliminary experiments post—ovulatory plasma FEH was
the same in cortrol and aspirin-treated rats, and it was not
significantly different in control and indomethacin -

treated rats. FPost-ovulatory plasma LH was low in both
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control and experimental rats. These results confirm that
FSH and LH concentrations return to basal levels after
ovulation has occurred, and that FSH and LH levels are bhasal

where ovulation did not ocour.

Morphometry

Morphometric studies showed that the ovaries of aspirin-
treated rats and control rats contained similar numbers of
the same types of follicles, including the corpus luteum In
the indumethacin‘m treated ovaries it was seen that apart
from the fact that many of the follicles were atretic the
number of preovulatory follicles and corpora lutea were

significantly reduced (F<0.0%) (fig.l2. ).

DISCUSSTON

The results of the present experiments clearly indicate
that Aspirin and Indomethacin {both anti—-inflammatory drugs)
when given in anti—-inflammatory dnseé can inhibit the
process of ovulation, with indomethacin being a stronger
inhibitor (fig.10). The two drugs are kEnown to be
inhibitore of prostaglandin synthetase (Espey, 1982;
Chatterjee and Chatterjee, 1982), therefore their inhibition
of ovulation implies a strong role for prostaglandins in the
process of ovulation.

The effect of indomethacin on ovulation and its
mechanism of action have been studied by several workers
like Tsafriri et al (1972, 1973) who adiministered

indomethacin into rats in the afternoon of proestrus and
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TABLE 1

EFFECT OF _ASPIRIN AND INDOMETHACIN ON

SPONTANEOUS OVULATION

._..-.-.-—-.—_.-....—_..u._...._...-___....-_.._—._...-...._—...-.—_..—._..........—.__..........____..-—_—..__--q—_.._...-___.....-_

Treatment Fropotrtion of Mean No. of Ova
Rats Ovulating Shed/':ul.txngﬁ
-
A Aspirin (100mg/kg) 4/6 2.1 + 0.9
E Indomethacin 2/6 0.5 + 0.2
(50Omg/kg)
c -  (control) b/b 4.5 + 0.6

_—w-_.._....—....—_......____.-....-.-._-..-......-._._.....-n_.—........_—___.-._.—._.-—-._._.......—_-_..—....__.....-....._.._._--.—...m

Means of control and aspirin groups are significantly
different (F < 0.08)

Means of control and indomethacin groups are
significantly different (F < ,001)

ANOVA ~ means of samples are significantly different.
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TAEBLEZ

EFFECT OF ASPIRIN AND INDOMETHACIN ON

PREQVULATORY FGF DURING SPONTANEOUS

28
OVULATION
Treatment Mean Flasma FPGF {(ng/ml)
28
A Aspirin (100mg/kg) 18.58 + 2.2
B Indomethacin (30mg/kqg) 4,54 + 0.0
Cc ~ (Contral) I8.06 + Q.0

Means of control and treatment groups are significantly
different (P < 0.001)

ANOVA - means of samples are significantly different
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- 48 -

TABLE 3

EFFECT OF ASPIRIN AND INDOMETHACIN ON PREQVULATORY

LH LEVEL DURING SFONTANEOUS OVULATION

Treatment Mean Flasma LH (mI.U/ML)
A Aspirin (100mg/kg) : 11.00 + 0.45
B Indomethacin {30mg/kag) 10.75 + 0.82
C ~ (Control) 2.25 + 0.63

No sigrificant different between means of control and
treatment groups (P > 0.03)

ANOVA - means of samples are significantly different
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Ffound that it prevented follicuwlar ruptues in sboot 0% of

the animals, Because LH administration did not overcomg Hhe
irmdomethacin bhlook of ovulation they concloded that

indomnsthacin does nol Block LH release bhut exerts Lt
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anti-pvulatory action directly on the
ey {1PE2Y report thalt dndomethecin inhibits ovelation by
ivrteyfering with the synbhesis of prostaglandins an

wwlatory feollicles. He showed that indomelthacin can

=23

inhibit ovalation when administered sven as late as 1 howr
vefore the sxpechted time of follicular rupture.,
Indomethacin has also begen found o bloock ovalation in
perfused rabbit ovariss (Mamadse &t al, 1978: Holmes et al,
196873, Based on thise observation there 15 a strong
indication of an ovarian level of action for indomsthacin
wirnge the szperiments were carried out on isclated perfused
ovariess,

I the present work ssplirin was observed to cause only

imkiibition of ovulation and many of the ova shed

prave
were iLmmaiuare., This ohsesvation is i limne with the work of

Fapey {19831 who found that aspirin when administered 8

was stimulated by hHOGH did

Mrurs aftter the ovalatory proce

ot inhibit ovuwlation.

imvestigated the effect ofF

tiwvely Tew wor
ampirin on ovualation. Such workers inclode drozyvk and

whio fouwnd that bobth aspirin and indomsthecin

Behrman (1%

Blocked oviulation in fhe wat, and that indomethacin was

ffeotive at 1730 the dose of sspirin. These workers

Ehat the site of the blocking action of aspirin

BN &
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and indomethacin may be either at the hypothalamic or/and
pituitary level. However Behrman et al (1972) later
reported that aspirin blockes ovulation at the hypothalamic
level since the block was consistently reversed by LH and
LHRH administration.

It is thus apparent that the site of action of the two
drugs,. indomethacin and aspirin, seems to be controversial
with some workers suggesting an ovarian level of action
while others advocate a hypothalamic — pituitary level.

Resulte of the prezent work suggest that aspirin and
indomethacin may act by reducing the secretion of PGF

s
(fig. 10) and indomethacin is seen to be muech more ef?ective
in this action. The two drugs are alsc seen to have no
effect on plasma LH level (table J) which seems to imply
that the action of aspirin and indomethacin is really at the
ovarian level and not on the hypothalamic — pituitary axis.
Thie is to say that the two drugs act by suppressing FEF

synthesis by the ovarian follicles., The fact that aspirin

significantly reduced plasma FO implies that a
ara
reduction in FBEF level must occwe for ovalabion to be atl

least partially blocked. Indomethacin caused further

reduction of plasma FPGF . an indication that FGF level

T

Lo

must be very low for complete blockade of ovalation to
accur. This shows that ovalation is not an "all - ar -
none" phenomenon in the sense thet sven when conditions are
not conducive ovulation is not necessarily completely
abolished. Depending on the circumstances ovulation rate

may be merely reduced.  This finding is in line with the
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wark of Behrman ot &l (1272 who also reported a fall in

peripheral FGEF after acpirin and indomsthacin

—_

administration. It also agrees with the finding of Eupey ob
Al (1984) who reported a significantly recduced follioular
prostaglandin production with indomethaci~ womintstration
whether given early or late during the ovuistion process in
spite of the fact that there was no significant correlation
betwesn follicular prostaglandin levels and ovulation rate
i.g different levels of prostaglandin were sometimes
nhserved to give the same rate of ovalation.

Chatteriee and Chatteries (1982) also fournd that
indaomethacin blocks avulation in rates, and that the blockade

was almost completely abolished when FGF was gilver

s

e

concurrently with indomethacin indicating that indomgthacin
acts by inhibiting the synthesis of prostaglanding. In laike

manner Holmes et al (1983%) reported an indomethacin -

Mlocked ovulation which was reversed ehen FGF WaS
™

added. These findings support the observatione in the
present stuoy. The finding in the present study that
indomethacin and aspirin did not affzct the preasvulatory LH
level suggests that their action ie oat the ovarian level ol
at the hyeothalamisc or pltaitary level. It therefore
becomes doubtful that prostaglanding are essential foor the
action of LHRH or LH release as suggested by par] lar workers
Tike Making (1973) and Labhsetwar (1%725) . Sleo sinces 1t
Mas heen established that prostaglandins are formed 17 thus

Fat ovarian follicle in response fo the ovulato oy B v

(Lindner st al, 1974 Rauwninger and Limdner, 1775; Havada st
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1. 1978), the gresent study shows Fhat while not disturbing
the LH surge indomsthacin and aspirin prevent the faoliicl >
from responding to any stimalation by LH to form
prostaglanding, or the response is at leact reduced.
Contrary to the report of Lindner et al (i%80) the
present study does not indicate an effective blockade of
myulatimn by aspirin, and many of the ova shed in these

imstances had not undergone maturation (fig. 141y, It may b -

concluded that although aspirin does not reduce the FPUOF

to = level that will effectively block ovulation, 1t raz oa
specific action of inhibiting the effect of LH in causing
ovum matwration. This is in contrast to the action of
indomgthacin which has been proved to inhiboit prostaglandin
synthesis and thereby prevent follicle rupture but not ovom
maturation (Lindner et al, 1980; Eobayashi et al, 1981).

drrording to a report by Espey {(1983) any putent
nen-steroidal anti-inflammatory agent should irnhibit
ovitlation in the samg manher ags imdomsthacin. FPerhaps 14 i@
the fact that aspirin is only a wesh neon-steroidal
anti-intlammatory agent that makes 1t irhibit gvulation less
wffectively. These results implicate prostaglandin
synthesis {and Pherefore inflammation, sinpcs mrostedlandins
are known to cause inflammation) as A probable methanism
invelved in the process of ovulation as nuggested by Espey
{iwaEn) .

Morohometric studies on the avaries of caontro. and
treated (esperimental) rats show that indomeinacin Calhes  in

arrest of follicular growth belween the preantral arcd oevoal
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FIG. 14 - Photomicrograph showing a mature cvum (arrowed) (x 400) which
was recovered from the rat oviduct. Ovum i5 surrounded by the
zona pellucida and the cumulus cells.
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FIG, 15 ~ Photomicrograph showing an immature ovum (arrowed)
{x 400) which was recovered fram the rat oviduct. Note
the absence of the zona pellucida.
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stages, and it is also very effective in suppressing

follicular rupture. This is demonstrated in the low number

of corpora lutea observed in the indomethacin -~ treated rats
when compared with aspirin — treated rats and control rats
(fig. :9.). FPerhaps PGF is necessary for the conversion

o

a

of follicles from preantral to antral stage as well as for

follicular rupture. Since indomethacin reduces FGF

, 5
-“

secretion it follows that an arrest of follicular growth
will accur. Aspirin does not seem to appreciably affect
follicular rupture judging by the relatively high number of
corpora lutea seen after aspirin treatment. This seems to

confirm that aspirin does not suppress FGF to a level

-
ra

that jﬁ low enough to inhibit follicular rupture effectively
even though the level of suppression may retard follicular
growth and ova maturation. The above findings are in
agreement with a previous study by Downs and Langn'(lqaﬁj
who investigated the action of indomethacin and reported
that prostaglandins seem to be involved in meiotic
maturation of ova as well as the changes in ovarian
follicular wall which accompany ovulation.

Similarly, in an in vitro study on the rabbit ovary
Holmes et al {(19873) reported the complete blochade of
ovarian follieular rupture when indomethacin was added to

the perfusate, and that addition of PGF simultaneously

=
=

with the indomethacin restored follicular rupture. This is
an indication that indomethacin exerts its inhibitory action

on ovulation at a time when follicular synthesis of

A T el D =t e bt i o drrermares T o= oeasrlioe asbaoiy
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P16, 9 =~ Thotomidrogreph shoving & torpus lutoum (arrowed)
(x 400) \within the ovary of the rat.




_58_

Farr {(1974) did a histological examination of the rat
ovarian follicle wall prior to ovulation. He concluded that
in the inhibition of cvulation by aspirin and indomethacin,
a process which involves prostaglandin synthesis is
compromised and that this step may poseibly be the early
vascular phase of an inflammatory recponge.

Eobayashi ot al (1981) using an in vitro perfused rabbit
ovary studied the effect of prostaglandin synthesis
irhibkition by indomethacin on ovulation and ovun
maturation. Contrary to the report of Downs and Longo
(1782) they did not observe any inhibition of ova matuwration
with indomethacin treatment., However they found that
increased degeneration of metaphase II (final phase of ovum
maturation bhefore ovaulabtion? ovae was associated with
indomathacin treatment, and claimed that this degeneraticon
could be prevented by supplementing the perfusate with

FiEE . These findings imply that although inhibition of

|

aa

progtaglandin =synthesis by indomethscin may prp?ent
follicular rupture it may not affect ovam maturation, at
least in wvitro

There is no doubt that like Espey (1786) muntioned,
gquestions about the specific role of prostaglandins in the
ovutlation process have not been totally answered. However
it Hag heen sstablished in the present study that

prostaglandins are important for the phenomsnon of

follicular rupture.
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EHAPTEHR FOUR

EFFECT OF ASPIRIN AND INDOMETHACIN ON LMH-INDUCED

OVULATION (SUPEROVILATION)

Experiments were carried out to find out if Aspirin and
Indomethacin would inhibit superovalation. Hats were
selected in thhestrus and divided into 3 groups, A, B and (.

Group A rate (n = 19) served as the control group. They
were superovulated and given the drug vehicle immediately
atter.

Group B rats (n = 4%2) were superovulated and iniected
with Aspirin immediately after superovulation.

Group € rats (n = 2&) were also superovuleted and
injected with Indomethacin imnediately after superovualation.

Freliminary experiments involved comparison of
spontaneous ovulation and superovuiation in rats to confirm
the higher yield of ova during superovalation. A doze -~
response study of the effects of the two drubs was also

parried out on some of the rate in groups B and C.  For this

ITrndomethacin wase used in graded doses of 5, 10, 25 and S0

mg/kg body weight while Aspirin was used in doses of 50,
100, 140 and 160 mg/kg body weight.

4 rats from esach group (&, B, C) were sacrificed by
rervical dislocation 5 houwrs after hS (+ Drug) injection
arid blood was immediately collected by cardiac punctore for
later measuvrement of preovulatory level of FOH, LH and

FEF " The remaining rats were sacrificed 20 hours
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after hCE (+ Drug) injection, and blood was again collectsd
for ilater measurement of post-opvulatory level of FSH and
LH. The serum cbtained from the blood samples was stored at
o
- 20 G until needed.
The ovaries of the rats were removed and fixed in
EBouin’'s fluid for histolegical examination while the
pviducte were teased out and examined for ova. The nmumber

of aova shed per treated rat was recorded and compared with

the number of ova shed per control rat.
Resul ts

PDvulation Studies

Results of the present experiments revealed that at a
daose of 100 mg/kg body weight Aspirin signitfticantly reduces
the rate of ovulation in rats. (table 43 fig. i3). The
mean number of ova at ovulation was reduced by over 39%.
Indomethacin at & dose of 50 mg/kg body weignt was found to
virtually completely suppress ovulation (table 43 fig. 18).

In the Aspirin - treated rats 11 out of 15 rats still
ovulated althouch the mean number of ova was drastically
reduced. In compardson all the control rats ovulated and
Lhe mean number of ova shed per each ovulating rat was quite
high (table 4). With Indomethacin ftreatment only 2 out af
1% rats (not significant) were abkle to ovulate and the mean
number of ova shed per ovulating rat was negligible. Results
from preliminary studies showed that Indomethaciﬁ (50

mg/kg)completely suppressed superovulation while
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Indomethacin (2% mg/kg) also greatly (80% reduction)
suppressed it. Indomethacin (10 mg/kg and below) had no
effect {fig. 1&).

Aspirin {100 mg/kg) almost completely suppressed
ovulation (85% reduction} but a higher dose of 140 mg/kqg
caused little suppression (324 reduction). A still higher
dose of 140 mg/kg however appreciably suppressed
superovulation (86% reduction) {(fig. 1€). The lowest dose
of Aspirin used, 50 mg/kg had no effect. The results from
the Aspirin study seem to suggest that the action of Aspirin

in suppressing ovulation may be a biphasic one.

FGF level

Measurement of plasma FGEF - showed that Aspirin (100

2

mg/kg) causes a significant reduction in preovulatory.

FoF level while Indomethacin (50 mg/kg) causes an even
2 .
greater reduction in precovulatory PGF level {(table 5;
. z
fig. 17)1—

-

LH & FSH levels

Freovulatory LH levels were found to be slightly higher
in superovulated rats than in spontansously ovulating rats.
In addition while the LH levelarin control and Indomethacin
- treated rats were not significantly different, the level
was higher in the Aspirin - treated rats (table 6). Fost -
ovulatory plasma FSH and LH messurements in preliminary
gxperiments again showed no significant different between
control rats and Aspirin - treated or Indomethacin - treated

rats.



Morphometry

Morphometric analysis of the rat ovaries revealed that
in comparison with the control rats, rats treated with 100
myg/kg Aspirin gave rise to fewer numbers of the different
types of follicles (fig. 1§} which suggests an inhibition of

b

the whole process of follicle development. In Indomethacin
— treated (30 mg/kg) rats most of the follicles were either
in the early preantral stage or atretic There was a

significant absence of corpora lutea. This suggests that

ovulation did not occur in this group of rats.

DISCUSSION

The results of the present experiments confirm that both
Indomethacin and Aspirin can suppress the LH -~ induced
ovulation. Again indomethacin is seen to be more effective
in this action as it almost completely blocks ovulation even
when given at half the dose of aspirin (fig. 13)

The suppression of ovalation by indomethacin in
superovulated rats hag been previously reported by Armstrong
and Grinwich (1972). These workers observed ovulation in
immature rats pre—treated with Fregrnant Mare Serum (FPMGS)
and later given indomethacin (40 ~ S0 mgrhkgl. They found
that indomethacin completely blocked ovulation and that
whenadministered before the "critical period” for LH
zsecretion, follicular luteirization and signs of
progesterone secretion were also prevented: thus suggesting
that indomethacin might be acting on the hypothalamic -

¥ pituitary axis at the ovarian level. Mori et al (1980) zleo
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TAELE 4

EFFECT OF ASPIRIN AND INDOMETHACIN ON LH — INDUCED

OVULATION (SUFEROVULATION)

Treatment Froportion of Mean No. of
Rats Ovulating Ova Shed/
e iy
L
[ Superovulation only 18718 ‘ 16.9 + 1.0
(Control)
B Superovulation + Aspirin 11/13 4.5 + 0.9
(100mg/kg)
[ Superovulation + Indome-— 2/190 0.3 + 0,2

thacin (30mg/kg)

Means of control and treatment groups are significantly
different (P < 0.001)

ANOVA - means of samples are significantly different
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EFFECT OF ASFIRIN AND INDOMETHACIN ON_FPREOVULATORY

PGF DURING SUPEROVULATION

2%
Treatment Meanrn Flasma FGF
2&
(rng/ml)
A Superovulation only {(Control) I7.01 + 1.2
B Superovulation + Aspirin 19.53 + 1.0
{100mg/kg)
C Superovulation + Indomethacin .60 + 1.2

{90mg/kg)

Means of control and treatment groups are significantly
different (F < 0.001)

ANOVA - means of samples are significantly different
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TAEBLE &

EFFECT OF ASPIRIN AND INDOMETHACIN ON PREOVULATORY

LH_LEVEL DURING SUPEROVULATION

s 4B e AP 45 MR MY e it e AL Ml LLARY e o 48558 b Suble o b4 b el e e s e e . s Ty At T T FPAY —rAFL PP ) M Ty FA s M VT e (AP e i SA i AL A AL e b i Wd

Treatment Mean Flasma LH
{(mI.U/ml)

A Superovulation only (Control) 11.23 + 0,75
B Superovulation + Aspirin 17.79 + .28
(100mg/kg)

C Superovulation + Indomethacin 13.2% + 0.48
{50mg/kg)

Means of control and treatment groups are significantly
different (F < 0.01)

ANOVA — means of samples are significantly different
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treated immature rats with FM5 and hCG to induce ovulation,
and indomethacin was given concurrently with hCG as was done
in the present study. They observed that indomethacin
greatly reduced, in a dose-—-dependent manne?, the mean number
of ova shed. But when the interval between injections of
hCG and indomethacin was increased the mean number of ova
shed (for esach dose) also increased suggesting that
prostaglandins act differently on ovulation at different
stages of the preovulatory process. These workers therefore
concluded that prostaglandins probably mediate the action of
hCE on ovulation throuwgh two mechanisms which operate
separately, one at the earlier stages and the other at the
later stages of the preovulatory process.

Dthef workers who have studied the pffect of
Indomethacin during superovulation include Downs and Longo
(1982) who investigated the possible role of prostaglandins
in preovulatory follicular development., Theess workers
induced ovulation in immature mice by treating them with FMS
followed later by LLH and indomethacin. Their results showed
that indoamethacin (a) significantly inhibited ovulation
{b) suppressed ova maturatien, and {(c) prevented the
dissociation and thinning of the apical follicular wall
which 18 necessary for follicular rupture. Their results
aleo suggested that all these processes are regulated by
prostaglandins since previous studiecs had establiched that
indomethacin inhibits ovulation by reducing prostaglandin
secretion. Frevious ﬁtudieg on the effect of Aspirin on

superovalation include the work of Orczyk and Behrman (1972)
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who used both aspirin and indomethacin on FMS8 - primed
immature rats to assess the role of prostaglandins in
gonadotropin secretion. They found that both drugs reduced
plasma FPGF content, and they zalso blocked ovulation. Their
results also revealed that injection of either LH or a
mixture of PGBE and FGF at the time of the expected
ovulatory LH aﬁrge raveﬁaed the blockade of ovulation caused
by indomethacin suggesting that prostaglandins may play a
functional role in regulating the necessary ovulatory LH.

In his own study Espey (19873) tecsted zome non-steroidal
anti~inflammatory agents including aspirin and indomethacin
to determine how well they inhibit the preovulatory
elevation of prostaglandin production. Ovulation was
induced by the administration of hRCE. His results indicated
that while ovulation was completely blocked by indomethacin,

it was unaffected by aspirin. In like manner the inhibition

of preovulatory FGE and FGEF was much more

2 2
pronounced in indomgthacin — treated animals than in the
aspirin - treated ones. Espey' s results clearly show that

in order for an agent to totally inhibit ovulation it must
completely abolish the preovulatory elevation of
prostaglanding in mature follicles. The present study

reveals an inhibitory effect on preovulatory PGF by

2

both aspirin and indomethacin (fig. 18 ). Indomethacin
1

almost completely suppressed FGF production while

el
e

aspirin significantly reduced it. This thern implies that

suppression of FGF just before ovulation leads to

2

inhibkition of ovulation, and the greater the suppression of
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FGEF the greater the degres of inhibition of

=

s

oviilation, This direct relationship between ovulation and
FGF level, as obtained in the present experiments, is in
line with the findings of the previous workers mentioned
above, and it shows that even in the presence of excess LH

(as occurs during superovulation) the FGF must be up to

~
a4

a certain minimum level for the LH to cause follicular
rupture.

Karim and Hillier {1979} suggested in their revisw that
LH, PGE and PGF are all eszential for ovulstion, and that
the prostaglandins may act in part by an effect on the
hypothalamic - pituitary axis. They also suggested that
part of the mechanism of foellicular rupture might be the
induction of ovarian contractility by FGF . The
Administration of FGF in vivo and iniiitrm has been
reported to stimulatezfncreaEEE in the tone and amplitude of
contraction of ovaries {Kobayashi et al, 1981; Lipner,
1988). FKobayashi et al (1981) carried out in vitro studies
on the perfused rabbit ovary and reported that PGF
promotes follicular rupture through enhanced ovariiﬁ
contractile activity. Addition of PGFWR was seen to
increase gvarian contractility as wellﬁgs follicular
rupture. If this is sa, results from the present study may
imply that the PGF must be up to a certaln minimum
level for it to enzince ovarian contraction which
stbsequently leads to follicular rupture. However results of

the present erxperiments also indicate a significant rise in

preovulatory LH level with both aspirin and indomethacin,
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and aspirin causing a higher elevation of LH (table &°.

This seems to imply that the anti-inflammatory agents
aspirin and indomethacin actually act on PGF release

and net on LH release even though the LH effggt of causing
follicular rupture is compromised. Thus LH level may remain
high even when PGF level is dwindling It is however not
clear why the LH level increased above the control (i.e rats
superovuliated but not treated with aspirin or indomethacing}
value. Ferhaps the anti-inflammatory agents have a slight
stimulatory effect on LH relesase from the pituitary or on
LHRH relsase from the hypothalamus. This would seem to be
at variance with some previous reports like those of Karim
and HMillier (1979} who said that it bhad been established
that & variety of prostaglandins will stimulate FSH and LH
secration in vivo, suggesting a direct LH - releasing action
of prostaglandins on the pituitary. However it is in line
with the results of Maor et al (1975) who reported that
indomethacin and asplrin fail te inhibit the (HRH - induced
I-H release from hemipituitaries in vivo. Likewige L indner

et al (1%80) also reporied that FGE does not stimuelate

o
-~

LH release from cultured hemipiltuitaries suggesting that an
anti — FG agent is not neccessarily an anti — LH agent. For
clarification other aspects of the cvulatory process need to
be further investigated and these include (1) the
possibility of an interaction between hCG (as given during
superovulation) aspirin or indomethacin which could lead to
a stimslation of LH release, and {(1i) a possible mechanism

of aspirin/indomethacin action which invelves biocking of LH
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receptors in the ovary with subseguent elevation of
peripheral LH.
Morphometrioc studies on the ovary have given further
insight into the ovarian activities during the ovalation

blockade by aspivin and indomethacin, In comparison with

1

the control, rats treated with 100 mg/kg Aspirin gave ris
to fewer numbere of the different type of follicles (fig.
183 which =suggests an inhibition of the whole process of
follicle develepment. In indomethacin - treated (50 mg/keg:
rats most of the fepllicles were eithse in the esarly
preartral stage or were already atretic. There was a
Eignificant abs=ence of corpora Iutea which buttresses the
reported inhibition of ovalation. This impliss that
indomgthacin prevents follicular development and maturation
as well as follicular rupture. Thie finding is in agrevment
with the repart of Downs and Longe (1985 who sugoested that
alteratione in the morphology of the follicle prior to
ovulation (specifically meictic matwration) are regulated by
prosftaglandins. However another report by Hobavashi et al
(1981) says that inhibition of prostaglandin synthesis by
indomethacin in vitro prevents follicle rupture but does not
affect ovum mataration, thus providing evidence that thece
twe procecssos are distinct phernomena in vitro. Further work
may need to e done io this areas to establish if Lhe
_mech&miﬁm of prostaglandin action on the ovarian follicles
differs or not in viveo and in vitrog 1if the mechanism
differs it will be necessary Lo ascertain if any local o

aygstemic factors acting in vivo is responsible for the

difference in prosteglandin actvity.
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CHAFTER F 1 Vv E

CHAFPTER FIVE

THE INFLUENCE OF hCG ONM THE INHIBITORY ACTION

OF ASFIRIN AND INDOMETHACIN ON OVULATION

These series of experiments were carried out to
investigate if the preserce of hCG would affect the action
of Aspirin and Indomethacin in inhibiting ovulation.

Rats were monitored from the day of proestrus when they
were divided into six groups, A,R.C,D,E, and F.

Groups A rats (n=6) served as the control and were
allowed to ovulate spontanecusly without any treatment.

Group B rats (n=6) were given 100mg/kg aspirin in the
afternoon of proestrus and were then left toc ovulate
spontaneously.

Group € rats (n=4) were given 30mg/kg Indomethacin in
_the afternoon of proestrus and then left to ovulate
spontaneously,

Broup D rats (n=8) received 10 I.U hCG in the afternoon
of proestrus and were allowed to ovulate sporntaneously
thereafter.

Group E rats (n=8) received 10 I.U hCG plus 100mg/kg
Aspirin in the afterncon of proestrus and were left to
oviulate spontaneously.

Group F rats (n=8) were given L0 I:U hCG plus B0myg/kg
Indomethacin and were left to ovulate spontanecusly.

4 rats from each group were sacrificed by cervical
dislocation at 6.00 p.m on the day of proestrus, and blood

was immediately talken through a cardiac puncture, for



subsequent LH and prostaglandin assay. The plasma obtained
from the blood was stored at ~200c until reqguired.

The remaining rats had vaginal smears carried out on thé;
following morﬁing, and those with cornified cells in the
vagina were sacrificed by cervical dislocation. The ovaries
were ilmmediately excised and fixed in Bouin’'s solution for

histalogical studies. The oviducts were teased out and the

numbher of ova was estimated.
Results

Ovulation Studies

In these series of experiments it can be seen that
administration of hCG did not cause ovulation but actually
inhibited it (fig.20'). hCB also did not reverse the
inhibition of ovulation by indomethacin but seemed to
potentiate the inhibitory action of indomethacin (table 7;
fig. 19}.

Aspirin when administered alone was observed to inhibit
ovulation but when it was administered along with hCG this
inhibitary action was completely reversed (fig.20°). There
was‘in fact & significant increase in the rate of ovulation
although many of the ova were seen to be immature.

PGF level

Measurement of preovulatory plasma FGF revealed

that when administered separately, aﬁpiriniand indomethacin

significantly reduced FGF level with indomethacin being

morepotent {(table 8). hCE when administered alone also
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significantly reduced FGF level. However when aspirin was
given along with hCG the level of FGF remained the same as
for control rats, but indomethacin, when adminiétered along
with hCG again significantly reduced FPGF to a level that was
even lower than that obtained with hC6 alone (fig. 21).

This again seems to imply a synergistic action between hCG

and Indomethacin.

LH level

When preovulatory plasma LH was measured it was found
that LH level was elevated with administration of hCE alone
{table 9). However when Aspirin and Indomethacin were
administered alaong with hCG there was no further elevation
in LH level, suggesting that the two agents (aspirin and

indomethacin) have noa effect on the secretion of LH.

Morphometric Studies

Morphemetric studies on the rat ovaries showed that in
control rats and those treated with Aspirin there was
development of preantral follicles to antral follicles,
while in the indomethacin treated ones there was an arrest
of development (fig. 22 ). corpora lutea were very few in
both control and aspirin—treated rats while they were not
present at all in indomethacin - treated rats.

This corroborates the results of the marlier euperiments
on hi:G and ovulation {(table 7, fig. '20), anﬁ confirms that
hCG does not reverse the inhibitory action of indomethacin

orn ovulation, or the immaturity of the ova produced during



T.ABIL E 7

INFLUENCE OF hCG ON THE INHIBITORY ACTION OF

ASPIRIN AND INDOMETHACIN ON OVULATION

Treatment Froportion of Mean No. of Ova

e
-

Rats ovulating Shed/L -+ . e

A — {Control) &/4 5.5 + 0.3

B Aspirin {(100mg/kg) 4/6 2.1 £ 0.9

c Indomethacin (50mg/kg) 276 .85 + Q.2

D hCG {10 I.1) _ 4/8 1.0 + 0.4

E heG (10 I.U) + Aspirin 8/8 7.5 + 0.3
(100ma/kg)

F hCG (10 I.4) + Indometh- /8 0.0

acin (30mg/kg)

Difference between means of Ova shed in groups B and E
is significant (F < 0.01)

Difference between means of Ova shed in groups C and F
is not significant (F > O.05)

Difference between means of control (A) and HCG

~treated (D) groups is significant (P < 0.001)

ANOVA ~ means of samples are significantly different
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INFLUENCE OF HOG ON THE EFFECT OF ASFIRIN

AND INDCMETHACIN ON FREOVULATORY PGF

2&

Treatment Mean Flasma PGF

2
A — (Control) 38.06 + 0.5
B Aspirin (100mg/kg) 18.58 + 2.2
c Indomethacin (50mg/kq) 4.54 + 0.3
D hCG (10 I.U) 12.91 + 0.6
E hCG (10 I.U) + Aspirin (100mg/kg) I9.07 + 1.1
F hCG (10 I.U) + Indomethacin 6H.84 + 0.7

(S0mg/kg)

Mean values in groups B and E are significantly
different (P < 0,001)

Mean values in groups C and F are not significantly
different (f > 0.0Q5)

Means of control (A} and HCG — treated (D) groups are
significantly different (F < 0.001)

ANOVA ~ means of samples are significantly different
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TARBLE 9

INFLUENCE OF HCG ON THE EFFECT OF ASFIRIN

AND INDOMETHACIN ON PREQVULOTORY LH

Pt e e i e oy o bk e Al bl ARt o LS S AR L S AL Pt L S T T S ST Ty Py TPl S it A ek s ek b e b el i Pt AMLS L S TR Y P gt e B e ot e e e bl e i imid

Treatment Mean FPlasma LH
(mI.U/ML)
A -~ (Control) 7 B.79 + 0,63
B Aspirin (100mg/kg) 11.00 + ©.45
c Indomethacin (30mg/kg) 10,75 + 0,52
D hCG (10 I.U) 11.75 + .48
E hCG (10 I.U) + Aspirin (100mg/kg) 12.25 + 0,63
F hCG (1D 1I.U) + Indomethacin Z.00 + 0,70
(S0mg/kg}

Mean values in groups B and E are not significantly
different (F > 0.035)

Mean values in groups C and F are significantly
different (F < G.00)

Means of control (A} and HEIG ~ treated (D) groups are
significantly different (F < Q.01)

ANDVA — means of samples are significantly different
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DISCUSSION

hCG is widely used as an agent for ovalation induction
in most amimal species. It is known to be particularly
effective for follicular rupture after necessary priming by
FMS. In their review Greenwald and Terranova (1988) stated
that FM5 causes recruitment of preantral follicles i.e. FMS
is crucial for the conversion of primary follicles to
preantral ones (an essential step in the process of
superovulation} while hCG is speculated to cause final
follicular maturation and rupture.

It would therefore appear that administration of hCGE to
proestrus rats should enhance ovulation. However results of
the present study indicate an inhibition of ovolation when
HCG was administered alone without prior PMS priming (table
7, fig. 203, This further supports the above suggestion
that hCG might not be reguired for follicular growth and
maturation, but only for follicular rupture. This means
that when hCE i= present without previous FMS priming the
ovarian follicles do not grow or mature and therefore do not
reach a stage where hGCG will effect a ruptuwre. It may also
he that the feollicular cells may be too immature to have
acquired hCG receptors. Ferhaps for hECG to cause follicular
growth and maturation all on its own it would have to be
uwsed in & much higher dose than the ovulatory dose {10 I.U
hG) which was used in the present study. Hamada et al
(1278) reported that hCG alone at a dose of 100 I.U was used
for induction of ovulation in rabbits. This iz similar to

what was done by Kobavashi et al (1981) who perfused the
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of ovulation. Furthermore when hCG and aspirin were

administered together it was observed that FGF ievel

>

did not differ from the control level. On the&other.hand
the combination of hECG and indomethacin caused a drastic
reduction in EGFﬁ level. Thie again confirms the
importance of PB; in ovulation., This is in agreement with
the report of Kobayashi et al (1981) that even though a high
dose (100 I.U) of hCG caused ovulation in their in vitro

experiments on the perfused rabbit ovary, addition of

FiaF to the perfusate increased the rate of ovulation.
L

ol

This suggests that rate of ovulation increases with increase
in PGF level, and that the hCG may have caused ovulation by
stimulating some FGF synthesis within the ovary.

The results of the present experiments are comparable
with those of Mori et al (1980) who also found that
concurrent administration of indomethacin with hCG reduced
the mean number of ova shed. kohda et al (1983) shed some
light on the inhibitory action of the simultaneous
a@ministration of hCG and Indomethacain. They reported that
contrary to popular opinion hCG is necessary for both early
and late preovulatory stages. The results of their
experiments showed that while progesterone mediates the
action of hCG o the earlier stages of ovulation
prostaglandins mediate the action of hCG on the later
stages. When preovualatory LH was measured in the present
set of experiments it was found to be significantly higher
in hCG ~ treated rats than in the control (untreated) rats

{(table %). This was probably dus to the presence of



additional exogenous hLCE which could have been measured as
LH. However LH level did not differ between  the hCG and hiE
+ Aspirin or KCG + Indomethacin groups implying that the
assumed synergistic action of hCG and Aspirin in causing
ovulation is not mediated by LH and most likely does not
affect the hypothalamic ~ pituitary awis. Neither does the
combined action of hG and indomethacin in inhibiting
ovulation affect LH secretion. These results again support
the view that the action of these three agents i1s at the
ovarian level.

Results of the morphometric studies show that hCG (10
i.u) arrests follicular development at the antral stage and
causes many follicles to become atretic (fig.22 ). The
combination of hCB and fAspirin also had the same effect. It
is possible that this combination causes rupture of
immature follicles and turns them into atretic follicles.
With hCG and Indomethacin there was complete absence of
corpora lutea, an indication.mf abzolute suppression of
follicular rupture. This lends further credence to the
gartier result of complete abolition of ovalation when hUG
and Indomethacin were administered together (fig.20 3.

The results of this set of experiments confirm that hCh
at the dose used (L0 i.u) does not reverse the actions of
aspirin and indomethacin on follicular growth and

maturation, as well as follicular rupture.
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CHAFPTER _S1X

THE INFLUENCE OF EXOGENOUS LH ON THE INHIBITORY

ACTION OF ASPIRIN AND INDOMETHACIN ONM OVULATION

These series of experiments were performed to find out
if the administration of LH could reverse the inhibitory
action of Aspirin and Indomethacin on ovulation.

Ratse were selected in proestrus and divided into sis
groups /,B,C,0,E and F.

Group & rats (n=8) served aszs controle and were zallowed
to ovulate spontanepusly without any treatment.

Group B rats (n=8) were given 100mg/kg fspirin and were
then left to ovulate sponfansously.

Group C rate (n=8) received %0mg/kg Indomethacin and
were then left to ovulate spontaneously.

Group D rats (n=8) received 100mg/kg aspirin + 20 gg LH
and were allowsd to ovulate spontaneously thereafter.

Group £ rats (n=8} received S0mg/kg Indomethacin + 20sg
LH and were also left to ovulate spontansously.

Group F rats (n=8) received 20uglH and were also left to
ovulate spontanecusly.

ALl injection were given in the afterncon of preestrus.

4 rats from each group were sacrificed by cervical
dislocation the evening of proestrus. Blood was immediately
collected by cardiac puncture, and plasma obtained was
stored at —EQDc nending later hormone and prostaglandin

ASEHRY . The remaining rate had vaginal smears carried out

on the following morning and those with cornified cells in



-

the vagina were sacrificed, and thelr oviducts were excised

and teased out. The number of ova in each rat was then

eastimated.

RESULTS

OVULATION STUDIES

The pattern of Ovulation in rats treated with aspirin,
indomethacin, Aspirin + LH, indomethacin + LH is shown 1in
table 10 and fig. 23. The results indicate an inhibition of
ovulation by both indomethacin and aspirin but more
significantly by indomethacin. Ova produced by
aspirin-treated rats were found to be immature (fig. 157}).
Neither of these events {(ovulation inbibition and immaturity
of oval) was reversed by LH administration.

The rate of ovulation as well as the mean number of ova
shed were not significantly different in the Aspirin + LH
group when compared to the Aspirin group. Likewisze the two
indices are exactly the same in the indomelthacin and

indomethacin + LH groups (fig. 237).

FGEF Level

The results of the measurement of plasma prepvulatory

FGE showed that FGF level in aspirin + LH treated rats

-
28

was significantly higheyr than in the aspirin—treated ratu
{tahle 115, FEF level in indomethacin + LH treated rats
wasalson significantly highsr than in indomethacin—treated
rats. These results suggest that PbF level rises in the

presence of LH.



LH Level

Wherr plasma preovulatory LH was measured it was found
that LH level was higher in the groups that bad exogenous LH
administered (table 12). Aspirin and Indomethacin had been
observed esarlier in the study to have no effect on
preovulatory LH level (table 3}, but when they were given
along with LH thetre was a significant rise in LH level, an

obvious consequence of the additional exogencus LH.

Discussion

The actions of LH and prostaglandins appear to be
critical factors in the ovulatory process. Their action
during inhibition of ovulation by indomethacin and aspirin
is therefore worthy of attention.

In the present study LH was not able to reverse ths
inhibition of ova maturation by aspirin or the suppression
of ovulation by indomethacin {table 10 & fig.s23 }. This
suggests that these actions of the two druge on the
ovulatory process occur at the ovarian level and not the
hypothalamic — pituitary axis.

Aspirin on its own did not inhibit ovulation but the ova
were mainly immature implying an inhibition of the
maturation process. The fact that aspirin did not reduce
the rate of ovulation may be the reason why no significant
increase in the rate of ovalation was observed in the f
presernce of LH. Thig means that in the present
circumstances the normal incidence of follicular rupture

occurred with Aspirin, therefore additional LH would not
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I.AaBLE 10

INFLUENCE OF LH ON THE INHIRITORY EFFECT

OF ASPIRIN AND INDOMETHACIN ONM OVULATION

Treatment Proportion of Mean No. of

Rats Ovulating Ova Shed/
11 b g
<R’

— {(Cantrol) 4/4 4.3 + 0.6

Aspirin (100mg/kg) 2/4 1.5 + 0.9

Indomethacin (30mg/kg) 0/4 0.0

Aspirin (100mg/kg) + 274 2.2 + 1.3

LH (20ug)

Indomethacin (S50mg/kg) /4 Q.0

+ LH (20ug)

LM (20ug) 474

n
o
i+
~

Difference between means of Ova shed in groups B and D
iz not significant (F » O.5)

Means of Ova shed in groups C and E are not different.
ANOVA ~ means of samples are not significantly

different
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TABLE 11

INFLUENCE OF LH ON THE EFFECT OF ASFIRIN_AND

INDOMETHACIN ON PREOVULATORY PGE

2&
Treatment Mean Flasma
PGF (ng/ml)
28
A -~ (Control) 38.06 + 0.5
E Aspirin (100mg/kag) 18,29 + 2.3
e Indomethacin (30mg/kg) 4.61 + 0.3
D Aspirin (100mg/kg) + LH (20ug) 29.39 + 1.9
E Indomethacin (30mg/kg) + LM 14.33 + 1.6
(20ug)
F LH {(20ug) 39.42 + 0.4

Mean values in groups B and D are significantly
different (F < 0.02)

Mean values in groups C and E are also significantly
different (F < 0.01)

ANOVA — means of samples are significantly different
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INFLUENCE OF LH ON THE EFFECT OF ASFIRIN AND

INDOMETHACTIN ON PREOVULATORY LH

Treatment Mean Flasma LH
(mI.U/ml)
A — (Control) B8.75 + 0.63
5] Aspirin (10Gmg/kg) 13.8 + 0,65
C Indomethacin (50Omg/kg) 11.73 + .48
D Aspirin (100mg/kg) + LH (20ug) 16.0 + 0.4)
£ Indomethacin (50Omg/kg) + LH 12.0 + 0.41
{(20ug)
F LH (20ug) ' 28.0 + Q.36

Mean values in groups B and D are significantly
different (p < G.02)

Mean values in groups C and E are also significantly
different (P < 0.001)

ANMOVA — means of samples are significantly different
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further increase the occurrence of follicular rupture.
Behrman et al (1972) had reported that when they gave
LH(lgﬂg i.v) to aspirin-—treated rats they observed that
blockade of ovulation by aspirin was consistently reversed
by LH administration. Their observation points to a
hypothalamic level of action for aspirin blockade of
ovuelation. One reason for the difference in observation
between the present study and the of Behrman et al (197%)
may be due to the very high dose of Aspirin (400mg/kg) that
vas used by these workers when compared with the 100mg/kg
azpirin that was used in the present study. This means that
the higher dose of Aspirin might have been better able to
inhibit ovulation than the lower dose.

Indomethacin—induced block of ovulation in the present
study was not reversed by LH. This gives additional support
for an ovarian site of action. If the site of action of
indometharin was the hypothalamic-pituitary axis the
indomethacin-~treated rats should have ovulated in response
to esogenous LH. This non-reversal of indomethacin-blocked
ovulation by LH that was observed in the present experiments
it in agreement with the report of previous workers like
Armstrong and Grinwich (1272) who reported ovulation
blockade by indomethacin even in the presence of exogenous
LHM. Likewise Holmes et al (1983) when they injected
indomethacin airectly imto rabbit gvarian fTollicles reported
that ovulation was effectively blocked in these follicles
even though the ovaries had been treated with LH. However,

studies by Garra et al (1984) have shown that LH effect on



ovulation may be species dependent. For example they found
that LH infusion into guinea pigs doubled the ovulation rate
whereas gimilar treatment of cyclic mice and rats was
ineffective.

LH initiates the ovulatory process in all mammalian
species., Experiments with rats have shown that LH causes an
elevation in prostaglandin levels in preovulatory
follicles. For example Le Maire et al (1973) and Bauminger
and Lindner (1975) demonstrated a marked increase in
follicular content of PGE and PGF B-10 hours afTter the LH
surge The present experiments reveal the same observation.
Aspirin significantly reduced plasma preovulatory FGF, and
indomethacin had an even more potent reduction effect (fig.
}é). But on administration of exogenous LH the plasma
preovulatory FGF level was remarkably elevated in both
instances. This shows that aspirin and indomethacin reduced
FGF synthesis by the ovarian follicles but this action was
reversed in the presence of LH. It aleo implie=s that the
inhibkitory action of aspirin and indomethacin on
preovulatory PGF synthesis can be abolished if the LH level
is high enough. These observation also suggest that LH may
cause ovulation by elevating the prostaglandin level in
precvulatory follicular rupture. The results of the present
experiments are in agreement with the previous reports cited
above. Lindner et al (1980) in their review also confirmed
this when they stated that LH induces prostaglandin
aynthetase in ovarian follicles., To establish more firmly

that prostaglandins play a physiological role in the
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processes leading to follicular rupture they showed that
follicular prostaglandin content increases after exposure to
LH, and reaches a peak towards the time of ovulation with a
preponderance of FGE over FGF.

Even though LH has been shown to cause an elevation in
prostaglandin level, Karim and Hillier (1979) reviewed that
many studies have also established that a variety of
ﬁrastaglandine will stimulate FSH and LH secretion in vivo.
They reported that when pentobarbitone is used to block LH
release, administration of FGE infact overcomes this
blockade and causes LH aecreat?un. Generally FGE compounds
release LM in vivo and in vitro, and FGF releases LLH in
vitro. In this prostaglandins may act b:&modulation of the
ovarian feedback i.e the steroidal feedback effect on the
pituitary, as well as by having a direct effect on the
hypothalamic—pituitary axis (Lindner et al, 1%74; (jeda et
al, 1977). The evidence for this is in the fact that
administration of antisera to LHRH prevented the FGE
—induced LH surge., It is therefore possible that th;
relatively high ovulation rate observed in the control rats
for the present experiments was in past dus to the presence
of prostaglandins (since the control rats were not treated
with the PG inhibitors, aspirin and indomethacin). The

prostaglandins could in turn have caused an slevation of LH

level which =ubseguently enhances ovulation rate.
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CHAFPTER S EVEN

EFFECT OF ASFIRIN AND INDOMETHACIN ON FPREGNANCY

Freghnancy was achileved 1n female rats Hy selecting those
rate that were in proestruas, and caging them overnight with
provern males in the evening of proesirus. There was one
male to one female rat, and the rats weres housed 2 or 4 per
cage depending on the size of the tage. This was to
increase the chance of mating. The rats were separated the
forllowing morning and the females were examined Tor the
presence of a vaginal plug (an indication of mating}). The
vaginal smear waz also done to observe the presence of sperm
cells as well as the presence of cornified epithelial cells
whichk is an indication of estrus. This day is referred to
as day zero of pregnhnancy and gestation period is counted
from the following dav.

Fror this set of ewperiments rats were divided into &
groups, A,B.C,D and E.

Growp A rats (n=8) were mated and were injected with the
drug vechiclie (normal saline) on davs 4 and 8 of pregnancy
(i.e2. in early pregnancy).

Group B ratz (n=H) were mated and injected with 10U0mg/ kg
fBespirin on days 4 and 3 of pregnancy.

Group C rats (n=8) were mated and injected with S0mgslg
Indomethacin on days 4 and 5 of pregnancy.

Grouwp D orate (n=4) were mated and injecteod with 100mg/hkg
PBepirin from day 18 to day 21 of pregnancy. Group E rats

irn=d ) were mated and then injected with S0mg/khg Indomethacin
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from day 18 to day 21 of pregnancy. Some rats in groups AR
and € were sacrificed on day ? of pregnancy, and the number
of implantation sites was observed and recorded.

The point in giving aspirin and indemethacin in some of
these rats in garly pregnancy was to see if the drugs, by
reducing prostaglandin level, could disturb implantation of
the blastocyst (which normally ocours around day 5 of
pregnancy ). The druges were also administered in late
pregnancy to see 1f by inhibiting prostaglandin synthesis
they could extend the gestation period i.e by inhibiting
uterine contractions which are purportedly initiated by
prostagiandins.

Fate which successfully mated were weighed and smeared
gdaily for 14 days. A corsistent smear of leucocytes {(Caused
by the presence of progecsterons) was taken as an indication

th
of pregrnancy.  From bhe 15 day these rats were weighed
daily to confirm pregnancy which should result in an
increase in weight.

The time of parturition as well as the size of the
litter (number of offsprings) were observed and recorded in

a1l the groups.

Results

Implantation of Embryo

Hesults from the present sxperiments show that aspisin
treatment did not appear to affect the implantation of
embryoe as the number of ioplantation sites recorded was

about the same in control rats and the aspirin-treated rats
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{table 13). However, in Indomethacin-trested rats

implantation sites were significantly reduced from 8 to 3.

Gestation Feriod

The gestation period in normal entresated (control)
preghnancy rats was observed to be between 21 and 23 days
with arn average of 22 days (table 14}. Fregnant rats
treated with Aspirin in early (days 4 & 5) or late (days
18-521) pregnancy also had their length of gestation within
this range. In the case of indomethacin administration, the
Tength of gestation was within the normal range when given
parly (days 4 & §) in pregnancy but it was slightly but
significantly elevated by 2.0 when given late (days 18 -21)

in pregrancy (table 14).

Number of Offsprinags

The results obtained from this set of experiments were
msimilar to those cobtained during the study on gestation
period. in normal control rats the number of offsprings
ranged between & and 8 with an average of 7. The aspirin-
treated {(late or early pregrancy! rats had offepringe within
the normal range, but with late pregnancy
indomethacin—treated rats the number of offsprings was
significantly reduced to an average of 4 (table 13). Some of
the foetuses were observed to have resorbed. b byesry
indomethacin was adminlstered in sarly pregnancy, Tthe numbesr
nf offsprings was not significantly different from that of

control rats.



EFFECT OF ASFIRIN AND INDOMETHACIN ADMINISTRATION

ON IMPLANTATION OF EMBRYO

Treatment Average No. of Implantation

sites on day 9 of Fregnancy

A - {Contral) 8 + 0,462
B Aspirin (100mg/kg) 7 + 0.40
C Indomethacin (3Cmg/kq) S 4+ Q.87

Drugs were administered on day 4 of pregnancy

Means of Control (A) and aspirin — treated (B) groups
are not significantly different (F > G.1)

Means of control (A) and indaomethacin - treated (C)
aroups are significantly different (p < .02)

ANOVA ~ means of samples are significantly different
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TABLE 14

EFFECT OF ASFIRIN AND INDOMETHACIN ADMINISTRATIOM

IN EARLY AND LATE FPREGNANCY ON LENGTH OF

GESTATION
Treatment Average Length of
Gestation {(Days)
X+
A - (Control) 22 + 0.40
X
B Aspirin (100mg/kg) 22 £ 0.40
*
™ Indomethacin (S0mg/kqg) 22 + 0,29
+
D Aspirin (100mg/kg) 23 + 0,258
-+
E Indomethacin (50mg/kg) 24 + 0,25

AP i b A bk e AL . ey W A S00nt SH4PL Pt ey oA FHRTS P TP Y ey v T M e T L L — Lo A5 S S 4L Lt P B e el B ke e bl M e e MBS Ml e e M i e e Bl b e

¥ Drugs administered in early (days 4 & 5) pregnancy
+ Drugs administered in late (days 18 - 21) pregnancy
¥ Mean values between control (A) and treated groups (B

& C) not significantly different (F > 0.3)

+ Means of control (A) and aspirin - treated (D) groups
are not significantly different (P > 0.1)

Means of control {(A) and indomethacin — treated (E)
groups are significantly different (F < 0.02)

ANOVA - means of samples are significantly different
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LENGTH OF GESTATION (DAYS)

st ararb el
MR | Fiand

CONTROL 'ASPIRIN  INDOMETHACIN ASPIRIN . INDOMETHACIN
(DAYS 4/5) (DAYS 4/5) (DAYS 18-21) (DAYS 1s-21)

FIG., 26 - Effect of Appirin and Inmlomethacin on the
length of gestatios. -

-
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IrapBi F 15

EFFECT OF ASPIRIN AND INDOMETHACIN ADMINISTRATION

IN EARLY AND LATE PREGNANCY ON_ NUMBER

OF OFFSPRINGS

SR AL Ay S Y M i v e G AL A e i o o 5t e TR Y M Y o MRk b b e P b M M o S P e S nkd M P YD P ST TEMR BT S S S PO P s S el ke b oy o

Treatment Average No. of Offsprings
hn*m_____m_uﬁﬂ_m;; __________________________ -
A - (Control) 7 + 0.40
B Aspirin (100mg/ky) * 7 + 0,25
C Indomethacin (S50mg/kg) ' 7 + 0.25
D AsSpirin (100mg/kyg) ‘ b+ Q.47
E Indomethacin (S50mg/kg) - 4 + 0.25

i o A B i e e T S ot . datg WAL o) it A i e b ey S TN PR i A1 L L S b ok ek ey o e ey Y S St oSS s 4 o

X Drugs administered in early {(days 4 & 5) pregnancy
+ Drugs administered in late (days 18 -21) pregnancy
¥ No difference between control and treated groups

+ Mean values between control and aspirin groups not
significantly different (P > 0.1)

+ Means of control and indomethacin - treated groups
are significantly different (P < 0.01)

ANOVA - means of samples are significantly different
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Discussion

Deveral studies ha?e implicated prostaglandins as being
necessary for the early part of pregnancy as well as for the
termination pregnancy. Speroff et al (1984) noted that
during preghaﬁcy a decrease in local levels of progestercone
combined with an increase in estrogen level leasds to
prostaglandin synthesis and increased myometrial activity.
This is normally associated with the initiation of labour at
the end of pregnancy. They also noted that prostaglandin
levels in maternal blood and amnicotic fluid begin to
increase sharply a few hours to the onset of labour and
reach a peak during delivery. Studies by Fooistra and
Ginther (1976) also revealed thal administration of FGF

2
in early pregnancy resulted in loss of the pregnancy.

It prestaglandins act to ceause uterine contractiﬁn
towards the end of gestation then one would expect that
inhibitors of prostaglandin syrnthesis will do the ooposite
1. delay or inhibit vterine contraction.

The present study has investigated any possible effects
of prostagltandin inhibition o the inplantation of embhryos
at the beginning of pregrnancy. FResults indicate that
prostaglandin inhibition by aspirinm did not adversely affect
implantation sites (table 13%; fig.25 . The dose of aspirin
uwsed was similtar to that which caused suppression of

ovulation as well as reduction of FGF earlier in the
i
it

study (tables 1 & ). It therefore appears that the
prostaglandin level needed for imolantatiorn to take place

ifsrelatively low and a more drastic inhibition (probably by
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a much higher dose) would be needed for implantation te be
Feducsd oF dnhibited.

It the indomethacin-~treated animals there was a
significant reduction in the rfumber Qf implants {(table 13
fig.25 }. an indication that prostaglandins may he guite
important in the process of implantation. The dose of
ircdomethacin used has been found in the present study to
reduce PGF concentration to a much lower level than the

-y
-

experimental dose of fAspirin {(table 23 fig. 11). It is
therefore not surprising thet an adverse effect on
implantation was observed with indomethacin but not with
aspirin.  This gives more credence to the zarlier suggestion
that a drastic reduction or complete inhibition of
prostagliandin level might be necessary for implantation teo
be inhibited.

According to Karim and Millier (1979 the involvement of
prostaglandins in inplantation is poorly wnderstood.
However several studies have implicated prostaglandins in
the process of implantation in the rat was delayved by
treatment with indomethacin., Likewise Inskeep and Murdoch
{(1980) and Niswender et al (1983) reported that
prostaglandine wre luteotropic effectors and are therefore
capable of eliciting arn acute increase in steroidogenesis in
tuteal cells, or of maintaining progosterone secretion.
Frogesterone and estrogen are the luteal hormones and they
enhance the process of implantation. Therefore if
prostaglanding are indeed luteotroplic they might be

necessary for implamtation to take place. In & =tudy by
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Chatterjise & Chatteriee {(1987) it was chserved that
indomethacin not only interfered with the physiclogy of
ovidlation but effectively prevented blastocyst, implantation
without cbviously altering the hormonal profile.

The results from the present experiments show that
prostaglandin inbibition by aspirin had no effect on the
length of gestation. Whelther aspicin was injected in early
or late pregnancy the gestation period remained within the
normal range {(table 14; fig. ge}. The non—interference of
aspirin with the gestation period recorded in thiz work may
again be due to the dose wused, such that a higher dose might
have reduced prostaglandin synthesis further and thereby
pralo@ged the gestation period. This in effect is saying
that prostaglandin level does not have to be very high for
it te induce uterine contraction and labowr.

In rate treated with indomethacin in =arly pregnancy the
gestation period was the same as in control rats.  However
when indomethacin was administered in late pregnancy there
was a siight but sigrificant increase in the length of
gestation (table 14; Tig. g264.- It is not surprising that

indomethacin breatment in e€arly pregnancy did not increase

the gestation poriod becsuss even though the indomethacin
might have inhibited prostaglandin synthesis at the time of
administration, the synthesis of prostagliandine muact hove
resumed as soont as the inhibitory effect of indomethacin was
lost.  This means there must have heen enough prostaglandin
by late pregnancy to cauwse ufterine contraction at the

normalexpected time, thereby givirng rise to a mormal length

mf gestation.
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I the case of indomethacin treatment in late pregnancy,
the drug was administered during the-crucial period when
prmﬁtaglandin level normally rises. Spefoff et al (1984)
reported that in primates prostaglandin level is constantly
low throughoot pregrnancy and only begine to rise just before
tabouwr. The prolongation of gestation which was observed
sugests that indomethscin can reduce prostaglandin
secretion to a level that is too low to initiate the process
of labour orF uterine contractiorn. The fact that the
prolongation of labowr was only for 2 days might be due to
the resumption of prostaglandin synthesis after the affeﬁt
of the last dose of indomethacin was lost. It will appear
that with further injection of indomethacin the length of
gestation might have been further prolonged.

Frevious studies have shown that the response of the
uterus to prestaglanding seems to depend upon the steroidal
gnvironment to which it is exposed (Labhsetwar, 17737 Martin
et al, 1978;: Elem et al, 1782). The reports from these
studies suggest that low wterine sensitivity to
prostaglandins correlates with high progesterone levels and
low estrogen levels., Therefore the level of sstrogen and
progesterons mast e taken inteo consideration in analysing
the effect of prostaglandins on uterine contractility.

When the sffect of aspirin and indomethacin on the
rimber of offsprings delivered was investigsted in the
present study it was found that while aspirin injected in
garly or late preonancy did neolb significantly affect the

number of offsprings there was a significant reduction when
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rates were treated with indomethacin in lats pregnancy {table:
1%y fig. 26}, Hince e administration of indomethacin in
early pregnancy did not reduce the final number of
offeprings then 1t means that andomethacin did not inhibit
implantation. On the other hand the reduction i the number
af offeprings wihth indomethacin treatment in late prognancy
would appear to have been caused by a resorphion af some
fetuses. This was indeed confirmed when the rate were
sacrificed aftter delivery. This finding iz in agresment
with an earlier work by O Grady et al (1972) who a.30
administered indomethacin (lbmy/kg/day) during praegrancy srd
ohserved a resorption of fostuses i all the rabbit. They

Fowever could not conclode whether the resorpltion was a

touvig effect of indomethatin or whethar it was due to

imkibition of prostaglandin aynthesis.

The non-effectiveness of aspirvin in charging the number
af opffesprings delivered in the pressnt guperiments is again
an indication that aspirin is orly a mild inhibitor af
nrostaglandin zyrthesis and might need to be used in very
high doses Tor any sdverse effect to be observed. it can be
concluded from the results of this set of experinentu that
prostaglandins may me vital to fetal survival, because & 1ow

leval as would oocour with indemethacin fyrpatment caused &

resorption of some of the T buses.
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GENERAL DISCUSSION AND CONCLUSIONS

Effect of Aspirin and Indomethacin on ovilation:

The present study has

and LH - evealed that in both

' . : spontane:
induced ovulation, Aspirip ; e

and Indomethacin «an

suppress ovulation when given in anti-inflammatory doses.

Im this action indomethacin is seen to be a stronger
inhibitor of ovulation than aspirin. Aspirin did not block
opvulation completely but most of the ova shed during its
administration were immature. The fact that these two drugs
have been established as prostaglandin inhibitors (Espey,
178%3 Chatteries & Chatteriee, 1782) suggests that aspirin
and indomethacin may be suppressing ovalation by inhibiting
mrostaglandin synthesis, This in torn implies that
prostaglandins play a crucial role in the process of
ovirlation.

The results of the present work corrFoborate the implied
Foale of prostaglandins in the process of ovalation (as
mentioned abovel. The two drugs aspirin and indomethacin
caused a reduction in PGF synthesis as observed in the
circulating plasma FEF level. Again indomethacin was found
to be more sffective in this action. These results suggest
a direct relationship betwesn PEF level and the rate of
pvitlation. The lowsr the PGF level the greater the
suppressiog of ovalation.

Measuremnent of preovalatory LW level in the present
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study revealed that there was no change in LH concentration
durirg the administration of aspirin and indomethacin. This
iz an indication that the absence or inhibition of
prostaglandins (as would occur during aspirin and
indomethacin administration) does not inhibit LM release as
suggested by come previous workeres {(Makimo, 1972; Farim &
Hillier, 1979). This means that prostaglandins may naot be
essential for the acticon of hypothalamic LHRH on pituitary
ILH release. The result also implies that the site of action
of aspirin and indomethacin during their inhibition of
ovulation is not the hypothalamic — pituitary axis but the
ovary itself. If the actien were on the hypothalamic -
pituitary axis administration of aspirin and indomethacin
would have caused a reduction in the LH level which could
then have been responsible for the reduced rate of
ovulation.

Morphometric studies in the present experiments also
reveal that while indomethacin is effective in suppressing
follicular rupture as was demonstrated by the low number of
corpora lutea, aspirin retards ova maturation and possibly
follicular growth.

It is therefore clear from the pregent findings that
aspirin and indomethacin inhibit ovulation by inbibiting
prostaglandin synthesis in the ovary. Although the actual
mechanism by which prostaglandins bring about ovulation is
still not clear, it does not appear to be via pituitary LH
release. One thing that is certain however is that a low

level of prostaglandin will prevent ova maturation while a
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vary low level will suppress or inhibit follicular rupture.

Aspirin and Indomethacin action in the presence of hiG:

The present study has revealed that hCE on ite own can
suppress evulation rather than enhance it. This shows that
even thounh hCE is widely used as an agent for induction of
ovulation, it does not perform this function without prior
priming of the ovariam follicles by other ovalation
induction agents (Greenwald & Terranava, 1788). There is
indication that for hG to cause ovulation on its own it
will have to be used in relatively high doses . (50 i.u or
higher), ang that the main effect of hCE on follicles is to
cause follicular rupture, and not follicular growth and ovum
matuwration.

Administration of AUG and Indemethacin was seen to block
ovulation completely and this seems to suggest that there is
a synergistic action between the two drugs to suppress
ovitlation, or at least confirms that hCE deoes not enhance
ovulation withowt prior follicular priming. However when
MCE was administered along with aspirin the rate of
ovialation was seen to rise slightly. Since both HCG and
aspirin had in earlier experiments individually suppressed
pvulation, the observed enhancement of ovulation may mean
that in the presence of aspirin hCE is able to exert its
effect of enhancing follicular rupture. This may suggest
that aspivin may act as a mediator of hCG action on the
follicles., The emperimentg therefore suggest that although

hCG is ot able to reverse the inhibitory action of
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indomethacin on ovulation it reverses that of aspirin. This
was also observed in the morphometric studies, where it was
shown that when HUG wa=z administered with indomethacin
therewas complete absence of corpora lutea. The reason for
this difference in action again may lie in the fact that
aspirin iz only a mild anti—-inflammatory agent whils
indomethacin 1s a much stronger one. If this suggestion is
true it implies that ovulation is an inflammatory process,
and that hLE has the ability to overcome mild
anti—-inflammatory reactions.

The present experiments aleo confirm the importance of
prostaglanding in the process of ovulation. When there was

a drastic reduction in FGF level {(during hCGE and

R
-

indomethacin administration) ovulation rate was found to be

at its minimum. When preovulatory LH was measured,
sperimental values did not differ from control values, a

pointer lto an avarian site of action for both aspirin and

indomethacin.

Aspirin and indomethacin action _in the presence of

exagenous LH

In the present study Aspirin was observed to cause a
slight inhibition of ovalation but mainly in the form of
inhibition of ova maturation. Indomethacin caused
suppression of ovelation rate by inmhibiting follicular
rupture.  Administration of exogenocus LM was not able to
revaerse these actions of aspirin and indomethacin, even

though measurement of plasma LH revealed an elevation in
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concentration of LH. This again corroborates the suggestion
af an ovarian site of action for aspirin and indomethacin

rather than a hypothalamic site as has been suggested by

=

somE workers., Reports by some previous workers (Bauminger
Lindner, 1973 lLindner et al, 1980) that LH causes an
elevation in prostaglandin levels were confirmed in the
prezent studies. Aspirin and Indomethacin caused a
significant reduction in plasma preovulatory PGEF level.
However, on administration of exogenous LH plasma
preovulatory FGF level was remarkably elevated in both
instances. This is an indicaticn that the meschanism by
which LH causes ovulation may be that of elevation of FG

synthesis which then causes follicular rupture.

Aspirin and Indomethacin action during pregnancy:

The present study has shown that prostaglandin
inhihition by Aspirin does not adversely affect the rate of
v
implantation, length of gestation or the number of

offsprings delivered at the end of gestation. Since aspirin

has been shopwn Lo reduce FGEF level as part of this

2
Iy

study, the explanation for the above observation may be that
aspirin at the dose used was not strong encugh to reduce the

FEF to & level low enouch to disturb any of the

-~y
.

processes of pregnancy. This means that perbaps only when
aspirin is administered at much higher doses can pregrancy
be adversely affected.

Indomethacin has been seen to have adverse effects on

pragrancy whether 1t was administered in the early or late
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stages of pregrnancy. It was observed that it reduced the

rate of implantation when given during the early stages of
pregonancy, and in late pregrancy it prolonged the gestation
period and reduced the number of offsprings produced. These
results indicate that prostaglandin synthesis must have been
hindered during indomethacin administration leading to the
delay in wterine contraction which would initiate the
process of labouwr and delivery of offsprings. Since
indomethacin administration did not inhibit implantation
rate, a reduction in number of offsprings delivered as
ohserved in the present experiments would mean that
resorption of some fetuses occuwrred when indomethacin was
given in late pregnancy, and this was in fact confirmed at
the end of delivery when the rats were sacrificed and their

uterine horns examined.
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CONCLUSTONS

From the rezults of the prezent study the following

conclusions can be arrived ati-

(1)

(23

(4)

Indomethacin and fAgpirin can suppress both the
spontaneous ovulation and supsrovelation when given in
do=ses higher than.thE minimum anti-inflammatory dose.
The two drugs seem to act by inhibiting prostaglandin
gynthesis. In their inhibitory action on ovulation
indomethacin is seen to be much stronger and more
potent. While indomethacin inhibits follicular rupturs
in particular, aspirin mainly inhibits ova maturation.
Morphometric studies indicate that aspirin prohably
inhibits the whole process of follicle development.

hCE at low doses cannot induce ovulation if the
follicles have not besn primed by an agent which
enhances follicle development and recruitment e.g. FMS.
hCG does not reverse the inhibition of ovulation by
indomethacin, nor does it reverse the inhibition of ova
matwration by aspirin.

Althouoh LM causes a significant elevation in
prostaglandin level it does not reverse the inhibition
of ovulation by aspirin and indomethacin., This iz an
indication that some other factors besides the presence
of prostaglandins are necessary for ovulation to occur.
Both Indomsthacin and aspirin seem to exert their

ovulation inhibitory action directly on the ovary rather

oy
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than the hypothalamic — pituitary axis.

Aospirin (in high anti-inflammatory doses) whether
administered in early or late pregnancy doss not
atdversely affect implantation rate, length of gestation
ar the number of offsprings delivered. (n the other
hand indomethacin when administered in high
anti-inflammatory doses in earliy pregnancy can reduce
the rate of implantation. When administered in late
pragrancy this high dose of indomethacin can prolong the
gestation peripd, and may ceuse resorption of fetus,
leading to a reduced number of offsprings. Thece
resulte imply that prostaglandins (the synthesis of
which is inhibited by aspirin and indomethacin) are
guite important in these three aspects of pregnancy,
namely, embryo implantation, length of gestation, and
the number of offsprings produced at the end of

gestation.
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