CHAPTER I

INTRODUCTION
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e first clue to the existence of prostaglandins appeared in
1930 when Kurzork and Lieb (2) reported that fresh human seminal fluid
could produce both relaxation and strong contraction when applied to
isolated strips of the human uterus. In 1933 and 1934 Goldblatt (3)
in England and von Euler (4) in Sweden independently studied smooth

muscle-stimulating and vasodepressor activity by extracts of the
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seminal vesicle. wvon Euler (5) in 1935, named the active principle
"prostaglandin" because he thought it was secreted by the prostate
gland, but it was later found that the seminal vesicles were the

source of the prostaglandins in seminal plasma (6). Ewventually, it

was established that prostaglandins are also commonly found in almost

all tissues, e.g. placenta, 2%l #Yyranes (7), endometrium, myome-

trium (8), kidney, lung, MU / o prain (9), leucocytes (10)

- aglandins occur in nature.
The best known prostagles® i Sy FGF, and PGFh. They
are the parent compoigfs ; Bloy W, active prostaglandins.
Many attentions had % T 2 PGEs are vasodilators
s, whereas PGF, is a

VR 1 \‘ ansmission. In most

o » g \
cases, prostaglandins af ¢ o ot £ \ ay biologic activities
i ra-a
opposite to those of PGEs. A

and depress adrenergi

vasoconstrictor and®eni

Prostaglandins b enthasis

Prnstaglanﬂ s are not orored to any effent in the tissues

(12) . They are syntl"ﬁed and rele@iged as required or on demand

following a ﬂuﬂqmmqﬂi or immunological

stimuli, includi 1e handfings (13) £wProstaglandfds are synthe-
M’lﬁﬁ 3 RN AL ..
8,11, 14-e.1cusatr1ennic acid (dihomo-y-linolenic acid); 5,8,11, l4-
eicosatetraenoic acid (arachidonic acid) and 5,8,11,14,17-eicosapen-
taenoic acid. Each will serve as the precursor for prostaglandins of
the 1, 2 and 3 series respectively (14) (Figure 3). The most abundant
precursor in mammals is arachidonic acid. Thus, most research efforts

has been focused on the prostaglandin of the 2-series. The levels of
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free arachidonic acid in tissues are usually very low (15,16). It is
mainly stored in phospholipids such as phosphatidylcholine, phosphati-
dylethanolamine and phosphatidylinositol (17,18,19). Cholesterol
ester and triglycerides are also potential sources of arachidonic

acid (20,21,22). On stimulation, arachidonic acid must be released

from the bound sources. Phojrli pase AE’ cholesterol esterase or

triglyceride lipase (15 s ?;,_Ajg ‘ enzymes responsible for the
liberation of arachi ™ — ' aure 4). These enzymes are

resues (23).

found to be under ¥

The enzyms acid could occur by

two major pathways y which produces prosta-
glanding and thromb :3H= pathway which produces
leukotrienes and hyd:gf figure 4). The present

study would mainly pro _;;;-;-cf cygenase pathway.

The seven a--uu-‘ﬂarf-*J' e cyclooxygenase pathway,

er together to form

i
» 1gjhamed prostaglandin

¥

like fatty acid'é?gg;sﬁff—_f_:TT_:::::*' o5

a multienzyme c.wwi

W

synthetase, It is ﬁrzemhrane—baun and is located at the
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(27,28,29). q’he biosynthesisgof prosta andins medi by prosta-
= Wﬂﬁﬂﬂﬁﬁwﬁ% h B’]ﬁ ) sviced 1nco
3 major steps : oxygenation and cyclization of fatty acid precursor,
reduction and isomerization. The rate limiting enzyme is prostaglandin
endoperoxide synthetase (30). The type of prostaglandin product which
predominate in the tissue would be determined by the relative rate of
the enzymes reductase and isomerase. Many factors, e.g. substrate

concentration, availability and concentration of reducing agents and
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: + glulathione ( tryplophan,, phenol,

hydroguinone,, - epinephrine )



several other physiologic mechanisms, are known to influence which

prostaglandin is formed at any one time.

Some of the enzymes of the prostaglandin synthetase complex
has been purified and characterized. Since sheep and bovine seminal

vesicles posses high enzyme activity, much understanding have been

gained from studies in ti

Prostaglandg - =5 @e is a heme enzyme which
converts arachidon - o ol BCE as been purified from
bovine (31) and sheg 3&} The purified
enzyme is a dimer o ¥y L5 i‘ : (M 72,000 daltons each).
Each subunit can*0in s ﬂ# : ‘f‘ﬂ EHRF nding of 1 mole of
hemin per subunit#asjF - snzyme activity (32).
The catalytic acti a 3 This enzyme has two
distinct activities ¢ -f'{:-:{y{

) o L
oxygenase catalyzes Lo and the peroxidase catalyzes

and peroxidation. The cyclo-

the formation of 77 f¥ jifferent substrate and

cofactors (31,36} PG the eraxidasa activity (37,

2
38). Peroxidase algg.required redyging cofactor such as glutathione,

e B 38 IR BTN AN T cetoman

showed it to be a suicidal eglzyme (37).oFgan et al.a(39) reported
cvac el VB UHNa, REAR B o
liberated which can deactivate the peroxidase as well as the

cyclooxygenase activities.

Aspirin and several related compounds inhibit the production
of prostaglandins. They act by inhibiting the cyclooxygenase enzyme.
It appears that the aspirin-like compounds exert their effects by

acetylating the serine residue at the active site (34,35). In addi-



tion, some synthetic analogs of the essential fatty acids and arachi-
donic acid can competitively bind to the active site and inhibit

prostaglandin synthesis.

PGH2 is the precursor of another six enzymes in the prosta-

glandin synthetase complex. Isomerization will produce PGE, PGD and

thromboxane whereas redu j-lﬁai./ # gduce PGF (20).

The physialcym““fu{ clgons—eel s taglandins depend on their
turnover rate. : finutes is observed in

Prostaglandins is

liver, lung and

metabolized into™a andin dehydrogenase

(PGDH) which conm 5 to the corresponding

ketone. PGDH is 4 in mammalian tissues.

Alam et al. (41) rey ated by estrogen and

progesterone in decid#: tfssues of pseudopregnant rat.

The major urinary metabe cough two steps of B-oxidation

nd Q- e
a oxidation v, ol

-pro&uctinn

Prostaglandins 1.-'*E
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human semen 1930, appreheqpiva repur on the conngg tion of prosta-
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knowle ge is only rudimentary and it is still uncertain. Though, what

direct role prostaglandins do play and if it is a single or multiple
mechanism. The vast family of prostaglandins coupled with their very
diverse biological actions which the effect produced being dependent

upon the tissues and species have made interpretations very difficult.
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A, Male reproduction

The source of the prostaglandins in male is the Leydig
cells of the testes., At least 13 different prostaglandins and their
19~hydroxylated derivatives had been identified in human semen with

the most abundant being PGE, and PGE,, (42) . More recent, it was

1
discovered that the true mENOUIIFF #glandins in human semen are their

more potent 19-hydro Interestingly, FGEl and
PGE, are about equ B - 2h concentration of PGE, is
unusual since PGE. _& o R Thy antities than PGE2 in

seminal vesicles showed

4 d in this tissue. They
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claimed that the co ': - vt AtEA acid may be responsible.
If a similar situatd s \
high concentration of H:’:"Z_“ z--‘.» :
evidences which also deme —?: the level of prostaglandins in

this may account for the

a. There are several

semen is under il

17 —=

In ma i, e O vgtious prostaglandins in

W A¥

semen, testes and Sgeppa tngene.sis been suggested. A very good

i ot FHRID IS PR AT S oo o

production aﬂi oversensitivipy to prost andins may gcpuse male
A QY TAANBIRE o,

1?'1’3:E2 r duﬂes their fertility although the effect was not observed with
short treatment (23). The decreased fertility was correlated with
disrupted spermatogenesis, less testosterone production by the Leydig
cells and atrophy of the accessory sexual glands. In other experi-
ments, it was shown that infertility and impotency may be associated

with high plasma level of 15-methyl PGF (23) . Indomethacin or



11

removal of the prostaglandin ifimplant could reverse these trends.

Some discrepancy were observed with species difference, however. In

bulls, monkeys and rabbits, PGF, increases plasma testosterone and

20

LH output whereas I'uGE2 has no effect on or decreases testosterone

level (23,45,46).

. There are rcah ‘ ' tility in man may be related
to low prostaglandins _-n- S By 41. (47) found that in

Sth
N %
11’5‘

certain infertile g3 =xplained cause, their

ly et . (48) also

seminal PGE level

‘\"\-‘-v.
\
reported that infie® i '\\ sperm counts contained

lower levels of 1 that prostaglandins

\\

may facilitate spe ratiiog Q‘ t% Slensport in the female
reproductive tract W, 47 (4l e \\ > that semen invariably

causes the uterus to WFnyRsL il5 There is also substantial

supports that PGE and PCFLZiMs/idd) e number of sperm detected

in the Fallopia A . '; lized eggs (23).
T ;

Most results did ~ostaglandins will

facilitate aja,cul& un mechanism as is widaljr pustulated.

ﬁlllﬂ ANHNINEIN S cen s

stagl ns and male fertfli ﬂr remaismato be elucidgted.
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9 B. Female reproduction
In a series of reports in the 1960s, Pickles and asso-

ciates had demonstrated that dysmenorrhea was linked to elevated levels

of PGE., and PGFh (55). Since then, much interest has been initiated

2
in the role of prostaglandins in female reproduction. As in the case

of male, differences amongst species are observed.
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Pharriss and Wyngarden (56) were the first to note the
luteolytic actions of the prostaglandins. PGqu depresses progesterone
output from the ovary and causes regression of the corpus lutea in
subprimates such as sheep, cow, pig, mare, bitch, guinea-pig, rat,
hamster, rabbit and mouse (57). It is now recognized that PGqu

directly acts on corpora lutesk ) lttempts to demonstrate that prosta-

glandins are also luteoigh ‘ﬂ; P g8 have failed so far (58).
Grzu, if given toge® — = ‘as result in premature
3 progestercone production

by cultured hums 2 granulosa cells are

primed with LH ar# fizu’ the inhibitory effect

iz much less.
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It was f e action of the LH in the

ovary in being ahle'ta' pvum maturation, ovulation,

luteinization, cAMP accumpl==—c== eroidgenesis (61), If this has
e BN T
any physiologic ?fi___________;_;_______v,, [t is thought that only

in ovulation do 5’ ‘-ligatnry role. Like

5 of PGE, PGF and the act®f ty of prostaglandin

steroids, the lev

::::::‘:;ﬁ,ﬂei’mﬁ /A1
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informatinn concerning ovarian prostaglandin levels during ovulation
in other species is more limited. Most evidences, however, all indi-
cate a trend of increased ovarian prostaglandins during or prior to
ovulation and that prostaglandins are under steroidal control (64).
A question arise, how do prostaglandins bring about ovulation?

Prostaglandins may cause contraction of the theca external cells of
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the follicle, initiate the synthesis of enzymes involved in the weaking
of follicular cell wall and increase the pressure within the follicle

(65) .

A number of physioclogic changes during pregnancy also
appear to intimately associate with prostaglandins actions. The

action ranges from initiag t implantation, maintenance of

pregnancy and inductig ™ ‘ re evidences that estradiol

stimulates an increass pecduction by rat uterus (66,

67,68). The incre, of estradiol early on
Day 4 (69) may be Tt - 3 > 3, in uterine prostaglandin
synthesizing capacy FE &) Iy A s is perhaps necessary

for blastocyst impl “ \ B edy (70) proposed prosta-

glandins as mediator o thEt == aeRUlRr response during the

initiation of implantg#¥ ';E'L{’— -.

dye site in the rat uterys
e

PGF and *r":’.;I2 levels in the

han elsewhere in the uterus

on the evening pfABSSESEEIOCTINSNS ‘similarly high in the
dye site in the y‘L

e,

ound that PGEZ, but

20 °F PGI increased endometrial vas&dlar permeability, suggest-
¢

2
ing that TJ ﬂm ﬁ mn g implantation.
Treatmen:ﬁ i me:;acin, ay}nhinr of ‘pm;:glandin synthesis
(75, W’Tﬁﬁ .43 . W:Iﬁﬂ ﬂr Shg rabbit (79,
80) daayad :I.mplantnon.mn:ger, 2 and ﬂh ﬁy partially

overcome the reduction in number of implanted blastocyst in indomethacin

not PGF

treated rabbit (71). Similar result was observed in mice (81). In mice,
inhibition of implantation by indomethacin could be overcome by exoge-

nous PGF, and histamine (82). In nonpregnant rat or mouse, artificially

2a
induced decidualization is reduced by indomethacin administration (83,84)
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as is the change in endometrial vascular permeability (73). Decidua-

lization of the uterus induced in mice by sesame oil or trauma is

associated with a rapid 10 fold increase in uterine PGF. levels (83).

20
In rat increased PGE and prostaglandin synthetase activity was

observed (85).

having important roles "”j?; : 3 At least PGE2 and

PGFZ& are involved in =&y ind Smmsi ot iding uterine activity during

human labour becaugas#" // AhErcRg. ! be levels of PGE, and
the rat, in vitro

studies have shown ne PGF increased with

gestational age res n (87,91,92,94)., Wilson

; \\}ﬁ

and Frienkel (87) shg encentrations of PGE and

PGF in vivo and net p; :reased as labour approaches.

In addition, indomethacin-semeroas rition and prolonged labour

when administerfdit 32”7 £, pf pregnancy (95,96).
A X
= =20

=“nates and guinea-pig, a

Similarly, trea antibody delayed

parturition (B8). J n many species, except p
decline in ﬁ %" te for parturition.
In goats (Bﬁﬂﬂ mn ﬂﬂm put occurring 24
to 3 ﬁ?] A[ﬁ’ in the PGF,
Iewﬂnwojﬁ mmﬂmj TOg ﬂ 31 in pregnant

rat gradually fell from day 15 and then sharply declined after day 19.
This abrupt fall is associated with an increase in PGqu level in
uterine venous plasma (98,99). The administration of PGqu to

pregnant goat (97), rat (100) and rabbit (101) caused progesterone

level to fall and induced premature parturition. Indomethacin treatment

of rabbit during the last part of pregnancy delayed the decline in
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plasma progesterone level and parturition was delayed (102). Due to
its luteolytic action, ‘:"Gqu could induce abortion during pregnancy.
Higher doses of PGqu was needed to induce luteolysis in pregnant
than in the non-pregnant animals (93,96).

|

1
AN
quisite for its efficie “'.‘!;,,‘_J‘/
>

At term the soften the cervix is an essential prere-

g childbirth. This is thought

to depend upon changes —nf 1 #Fetween cervix glycoprotein,

- Fﬁ.}; -

glycosaminoglycan
PEE production i

markedly during falt stration of PGEz or

PGF,, to pregnant 4Rt i € § c& o A S¥ical extensibility (105).

In women treated on of labour, softening

and dilation of the | . hatients (106,107). Con-

sequently PGE2 is now | c®ig labour because of its

cervical dilation.

The §6 b J luring pregnancy due

e ri

| ‘
to the influence U progesterviic atd ; or relf¥in. There appears also

binding si Hde’J mals jem ﬂ:,lﬂh nes (108,109,
WIS ARE

any stage during human pregnancy. Large doses of prostaglandins are

specific biﬁlﬁailﬁﬂor prostaglfddins in the myometrium. These
sla
L1

usually required during mid-pregnancy than are required at term. PGEZ
is more potent than PGFZ;; (111) . The major prostaglandin synthesis
by the myometrium is PGIZ, and its release from the rat myometrium

in vitro is stimulated by oxytocin (112)., As contraction of the rat

uterus produced by oxytocin are potentiated by PGIE, any interaction

010260
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between prostaglandins and oxytocin on the myometrium may specifically

involve P".’:':I2 (113).

The finding by Bydgeman et al. (114) that prostaglandins

contract human uterine smooth muscle was followed by the use of these

agents in terminating preggal@iF Saitially, PGE,, PGE, and PGFZG

were used to induce 1 st S 16,117). PGE, and PGE, ar
: = - bstaglandins and oxytocin
for induction of lahg 7 e e use of prostaglandins
often produced ,. o ¥ AN cally, prostaglandins
were used to ind “ agalh abortion (118) and to
terminate pregnaficy ¢ ‘rr xytocin is ineffective
. =% o) -. glandin-induced abortion
are the cervical diva bn __ PGESjend the vasoconstriction

(119). Another pdSs]

i ,
'Ihe la T-ﬂf‘ £ associated with a reduction on
F M A

effect by PGqu.

plasma progestes jney b e 5 indirect luteolytic
action brought -‘. 1; ‘:i‘r' ne stimulations

dislodging the F tOCYS L SnueEHe toving e trophic influence of
the conceptus. Sucfemgful abortio@s/ were preceding by a decline in

ptams seodBl b i doH] BV AL Bucrene 1o o

terone aecretiun is raquirad‘(liﬂ]

wwmnwummmaa

In conclusion, it is demonstrated that prostaglandins
involve in many physiological processes of female reproduction but
their role is still not entirely clear. Many important findings have
led to nu_ajor advances in clinical medicine and animal husbandry and

to further understand the events in the reproductive cycle.
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Rationale

The intrauterine device (IUD) prevents fertilization and
embryogeneslis in many species. The exact nature of the mechanism is
not known., Evidences showed that the antifertility effect by IUD

may act differently in different

may be a multiple mechanism ang

{J-u ' @ the sheep by affecting sperm
- (‘ phagocytosis and / or

cytolysis of the spos - | s maslts ovulation of Indian

speclies. IUD prevents
transport mechanism (
water buffaloes (a »lopment of the corpora
lutea of many ms tocyst implantation in
the rabbits (126) is generally believed

that IUD elicits irgflagdl fion} e %N tlun (128,129). The
5 \\\ 1d destroy sperm, blasto-

b for implantation. Since

infiltrating macrop
cyst or render the end

prostaglandins are helia ors of inflammatory responses,

;.7y play a major role
L

in the cuntraceP'éi --;i 1 suggested that one

of the antifertili y actiun of the IUD cauld nvnlve prostaglandins

(130). Latﬁ u mw gm WM\ ﬂ ? IUD is associated

with the incHased PGF in the uterus nf rats, hnmsters (127), guinea-

“ QRN ENIUINIINIIE B~ -

In guiffea-pig (131) and sheep (132), IUD stimulates the release of

it is plausibleiss

PGF, and causes premature luteal regression. In support of these

2a
evidences, Myatt et al., (136) and Apisitpaisarn (137) reported that

IUD causes the decrease of progesterone receptor in rat uterus.
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Research aim

From the above evidences, it is interesting to elucidate
whether IUD acts by mediating de movo prostaglandin production in
utero. In this thesis, a hypothesis that IUD enhances the activity

of prostaglandin synthetase in the rat uterus is proposed. To test

j \ |i ‘
this hypothesis, the actiyg H / #Fopzyme in the control and IUD
uteri during the est & __q__ = wi - pared. The enzyme activity

will be measured by .o e tafing % ' 4-‘ aglandin products of 311-
arachidonic acid b 3 N d; and b) spectrophoto-
metric measuremen .' iation of adrenochrome
from L-epinephrine £4F me! N eguchi and Sih (138).
The reaction is shey | -ﬂiB, some factors

which could influency 11 also be studied.

OH ' S
Hn‘m -:.H." 'ﬁ 5 “*'_‘_."'; 1-7" = ¥
e e
HD H"' AT e e
v
L-EPINEPHRINE

ﬂﬁﬂ?ﬂﬂﬂ?WﬁWﬂilemmHiﬁa

Figure' 6 re 6 The autooxiflation of Lmgpinephrine ¢¢p adrenochrome
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