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PG waise prostaglandin
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GENERAL INTRODUCTION AND REVIEW OF LITERATURE

Several recent reports indicate that factors other
than gonadotropic hormones may influence testicular function.
Literature on the modulation of ovarian function by
luteinizing hormone releasing hormone, catechoiamines and
prostaglandins is available. However, comparatively little
is knomn about the role of these hormones in mae reproduc-
tion. In the present investigation the action of catechola-
mines, prostaglandins, LHRH and gonadotroplc hormones on the
testis of immature rat was studied using ornithine decarboxy—
lase as a parameter. The literature on polyamines, prosta-
glandins, catecholamines, LHRH, and gonadotropic hormones is
voluminous and is beyond the scope of this introduction for
a comprehensive review. Hence only some relevant papers
pertinent to the work reported in this thesis are reviewed

as an introduction.

1.1 FOLYAMINES

The aliphatic diamine putrescine and polyamines spermidine
and spermine are natural constituents of most living
organisms. Though spermine was discovered by Leeuwenhoek
in 1678, systematic research on these compounds was initiated
ohly during the past two decades. Polyamines are distributed
in all living organisms (Tabor and Tabor, 1964; Cohen, 1971).



However, the physiological significance and their role in
various cellular processes are still not clearly understood.
Recent literature gows that polyamines stabilize ribosomal
structure (Cohben and Llchtensteln, 1960; Norton et al,1968),
bind to RNA (Cohen, 1978), stimulate RNA synthetase

(Doctor et a, 1970), affect carbohydrate metabolism (Lockwood
et at, 1971) ad stabilize cell memranes (Liquori et a, 1967
3abbay et al, 1970 Silver et a, 1970). In addition to these
effects a general regulatory role in transcription has also
been suggested (Raina and Janne, 1970).

WilliamsAdiman et a (1972) in their comprehensve
review have elucidated the pathway leading to the formation
of putrescine, spermidine and spermine in eukaryotic organisms,
Putreseine is foomed due to the decarboxylation of L-omithine
by the eamyme L-ornithine decarboxylase. This appears to be
the only pathway for the formation of putrescint in higher
anima tissues. Putrescine in combination with the propyl
amine moiety of the decarboxylated S-adenosyl methionine is
converted into spermidine due to the enzymatic reaction
catalyzed by spermidine synthetase. In a similar way spermi-
dine and decarboxylated S-adenosyl methionine combine for
the synthesis of spermine due to the action of spermine

synthetase.

Ornithine decarboxylase is the rate limiting azyme

in the synthesis of polyamlnes. It is localized in the



soluble fraction of homogenates and requires pyridoxal
phosphate. DC appears to be not dependent on any metal ion
for its activity. Rapd inactivation of C(BC occurs in the
absence of dithiothreitol due to polymerization of the ewzyme
(Janne and Williams-Ashman, 1971).

QX has a pH optimum of about 70 ad the Km for L-
ornithine is roughly O.ImM.. It has an extremely short half
life of less than 30 min (Russell anrd Snyder, 1969;| Janne
and Williams-Ashman, 1970). It is inhibited by putrescine,
spermidine, and spermine with an approximate KA of about
ImM, 3 and 9mM respectively (Pegg and Williams-Ashman, 1968;
Janne and Williams-Ashman, 1971). These inhibition constants
appear to be high for direct feed back inhibition. Beck and
Canellakis (1972) proposed that the activity of AOC nmey be
regulated by an intracellular protein, Canellakis and his
co-workers have shownn that a specific ODC-inhlbitory protein
is induced in H-35 rat heptoma cells in vitro by the addition
of putrescine to the culture medun (Fong e a, 1976) and this
inhibitory protein was maned as ODC-atizyme (Heller et 4,
1976). However, it still needs to be established if this
inhibitory protein is responsible for the regulation of C2C

levels in vivo.

A numbea of hormones influence the levels of AOC in their
respective target organs. Growth hormone increases and

hypophysectomy decreases the levels of A3C in the liver



(Faust o and But cher, 1976; Kostyo, 1966). In the thyroid
gland thyroid stimulating hornone increases the |evels of
ODC (R chnman et al, 1975; Scheinman et al, 1977). Epi dernal
growt h factor produces an increase in CDC activity when
added to epidernal cells in vitro (Stastny and Cohen, 1970)
and nerve growth factor causes a narked increase in enzyne

activity of brainin adult rats (Lewis et al,1978).

Pegg et al (1970) have denonstrated that the |evels of
ODC and S adenosi ne net hi oni ne decar boxyl ase in the ventral
prostate of rat are regulated by androgens. Simlarly in
the ovariectomsed rat uterus and chick oviduct COC | evel s
were shown to be increased in response to estrogens (Cohen
et al, 1970). The rise in ornithine decarboxyl ase of ovi duct
of chick in organ culture was abolished by simultaneous

addition of cycloheximde (Cohen etal 1970).

In the rat ovary Kobayashi et al (1971) have observed
that the levels of ODC are elevated 20 fold on the evening
of proestrous. The above workers and WIIians- Ashnan et al_
(1972) showed that this rise in GDC activity in the ovary is
i nduced by LH, hGG and PMBG  Subsequently it was denonstrated
that LH causes de novo synthesis of CDC in the ovary, and
that enhanced RNA synthesis nay be required for this response
(Kaye et al, 1973). |In addition to the gonadotropi c hornones
prostagl andins were also shown to stimulate CDC activity
dnvivo in the ovary (Lanprecht et al, 1973) and in granul osa

cellsinvitro (Gsternman and Harmond, 1978).



Mclndoe and Turklngton (1973) studied the levels of CGDC
and S-adenosyl methionine decarboxylase activity in the
testis of rat at various stages of development. They observed
very low levels of ODC on day 1 which rose rapidly reaching
to maximal levels during days 10-17. This was followed by a
decline in the activity of the enzyme and minimal levels of
C(DC were observed on day 28, The levels of CDC in the testis
were shown to be regulated by FSH and LH and it was proposed
that these hormones cause stimulation of this enzyme through
CAVP (Reddy and Villee, 1975a).

The occurrence of polyamines in seminal plasma appears
to be due to the secretory function of prostate and in
several mammdian species prostate gland acts as a source
for polyamines (Mann, 1964; Willlams-Ash man, 1965; Tabor and
Tabor, 1964). Polyamines probably act as bacteriostatic
agents and help in postejaculatory coagulation of seminal
plasma in some of the species of mammds (Williams-Ashman
et al, 1974).

1.2 INHIBITORS OF FOLYAMINE SYNTHESS

The decarboxylases of ornithine and S-adenosyl methionine
are the ideal targets for the inhibition of polyamine bio-
synthesis. Methylglyoxal bis (guanylhydrazone), M@3 is a
potent and specific inhibitor of mammaian putrescine-activated



adenosylmethionine decarboxylase (Williams-Ashman and Schenone,
1972). aHydrazinoornithine (K:l_ of Z2oM) and DL-o-hydrazino- 6 -
amino valeric acid are the potent reversible inhibitors of ODC
The inhibitory effect of these compounds is abolished by high
concentrations of pyridoxai phosphate. a-Methylornithine was
found to be a potent competitive inhibitor (Kli of 2pM) of
prostatic AC (Abdd-Monem et al, 1974)

Amaoy the compounds presently available, DL-a-dIfluoro-
methyl ornithine CAVQ RMI 71782) has proved to be the most

potent inhibitor of AC (Metcaf e d, 1978. Bey, 1978)
OO works through the principle of substrate-induced
irreversible inhibition (Rando, 1974; Bey, 1978). It does
not inhibit other 1-carboxylases (Bey, 1978| Metcalf et al,
1978) ad is non-toxic (the acute LDs, exceeds 3g/kg) axd is
devoid of acute pharmacological activ_i ty (Prakash et al, 1978,
Fozard et al, 1980a). Administration of this compound to
mice during eargly gestation suppressed the post implantation
rise in uterine AC and arrested embryonic development
(Fozard et al, 1980b). It was also suggested that this drug
mey act as a postcoitally effective antifertility agent in
femde rats since it causes inhibition of embryogenesis at

a very early stage (Reddy and Rukmini, 1981).

In mae rats OIMO caused rapid, long lasting, dose
dependent decrease of (DC activity in prostate and to a lesser

extent in thymus and testis of rat. Repeated treatment of



DFMD decreased pol yamne concentration in several rat tissues
and sel ectively slowed down the growh of ventral prostate
and thynus (Danzin et al, 1979a). Daily treatnent of rats
wth DFMD fromday 2 after birth until day 16 had no influence
on net body growth or functional nmaturation. On the other
hand adult rats given |g/kg of DFMD every 12h for 12 days
showed a | esser gain of body weight than control aninals
(Seller et al, 1978), The work of Danzin et al (1979b) on
ventral prostate showed that repeated injection of DFMD can
totally block testosterone-indueed increase of putrescine,
spermdi ne and RNA However, no clear correl ati on was
apparent between accunul ati on of pol yamnes and nucl ei c acids

i n these experinents.

1.3 RALE CF PROSTAGANDI NS | N REPRCDUCTI ON

Prostagl andins constitute a class of naturally occurring
20 carbon unsaturated hydroxy fatty acids. Forty eight years
ago an endogenous substance w th vasodepressor and snooth
nuscle stinulatory activity was described in accessory genital
gl ands and hurman senen by Gol dbl att (1933)& von Eul er (1934)
who called it as prostaglandin. Several years |ater Bergstrom
and §ovall (1960a,b) isolated in pure fromprostaglandin £
and prostaglandin F. In the followng years, two independent
groups deronstrated that prostagl andins are bi osynthesi zed
from pol yunsaturated fatty acids (Bergstromet al, 1964.
VanDorp et al, 1964). The enzynes whi ch synthesi ze prosta-

glandins are present in nmbst organs; sone organs such as



sem nal vesicles, kidney and |lung have a greater capacity

for prostagl andin synthesi s.

Vane (1971) and others di scovered that the nonsteroid
antiinflamratory drugs aspirin and i ndomethacin inhibit
prost agl andi n bi osynthesis by the inhibition of the initial
reaction in the conversion of arachidonic acid to prostagl andi n.
Thus the formation of the biologically active endoperoxi des
as well as prostaglandins is bl ocked by these drugs. In
addition to aspirin and indomethacin the conpounds whi ch
selectively antagoni ze the effects of prostaglandins at their
site of action are 7-oxa prostagl andi n anal ogues. Prostagl andin
ant agoni sts, however, do not inhibit all actions of prostaglan-

dins and they are not highly potent.

Prost agl andi ns cause rel ease of LH fromanterior
pituitary in vitro (Ratner et al, 1974) and in vivo (Carlson
et al, 1973). Exogenous prostagl andins nmay act on the
hypot hal anmus or hi gher centres to elicit LH release in the
intact animal (Chatterjee, 1973). Prostaglandins of the E
and F type were shown to be synthesized in the ovary of rat
and rabbit (Zor et al, 1973; LeMaire et al, 1973). PGE m mcs
the action of LH in causing the induction of ovum naturation
(Tsafriri et al, 1972a), stinulates adenyl cyclase (Marsh,
1971) and steroi dogenesis (Speroff and Ranwel |, 1970)*
Stimulation of ovarian prostaglandin production by LH precedes

follicular rupture and extrusion of mature oocyte (Tsafrlri



et al, 1972b) indicating the invol vement of prostaglandins in
this process. PGF,, causes |uteolysis of ovary and was suggested
to be the uterine luteolytic factor responsible for regul ating
the functional |ife span of corpora lutea in nost non-prinate
manmal i an species (&l dberg and Ramnel |, 1975). Prostagl andi ns
cause contraction of human uterine snooth nuscle (Bygdeman et al,
1968). which enables the use of these agents for termnation

of pregnancy.

Specific receptors for prostagl andins have been reported
in the cell nenbranes of bovine corpus | uteum (Rao, 1973).*
Receptors for PCE appeared to be distinct fromthose of hGG
(Rao, 1974). Recent findings show that PG binding sites are
also present in intracellular organelles |ike rough endopl asmc
reticulum Golgi bodies and | ysosones of bovine corpora | utea

(Rao and Mtra, 1977; Mtra and Rao, 1978a, b).

Though, prostaglandins were first isolated fromthe nal e,
relatively little information is available on the role of
prostaglandins in this sex. Mammalian testes are capabl e of
prostagl andl n synthesis and contain the enzymati c machi nery
necessary for its synthesis (Hlis et al, 1975)e Exposure of
the testis to mcrogramquantities of prostaglandins can alter
testicular blood flow (Free and Jaffe, 1972a), affect Leydig
cel | s (Sebokova and Kol ena, 1978), change the activity of
enzynmes regul ating chol estrol netabolism (Takatori and

Yamaoka, 1978), nodify contractile activity of the semniferous
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tubules (Buhrley and Ellis, 1975) and the testicular capsule
(Seeley et al, 1972) possibly resulting in the exfoliation of
germ cells (Abbatiello et al, 1975; Tso and Lacy, 1975).
Bartke et al (1973) showed that injection of PGF2a to intact
mice caused decrease in testosterone levels in circulating
plasma. Similarly prostaglandin implants significantly
depressed serum testosterone, LH and FSH concentrations
(Kimball et al, 1978). In addition to direct inhibition of
steriodogenesis prostaglandinsalso reduce steroid synthesis
in the testis by decreasing testicular blood flow (Free and
Jaffe, 1972a; Free and Tillson, 1973; Einer-Jensen and Soofi,
1974). Prostaglandins inhibited LH, cAMP or MIX induced
testosterone levels in dispersed rat testicular interstitial
cells in vitro (Grotjan et al, 1978). However, Sairam (1979)
showed that prostaglandins stimulate the levels of testosterone

in the Leydig cells :in vitro.

1.4 CATECHOLAMINES:

Recent literature indicates an active role for catecho-
lamines in ovarian and testicular function. The ovary exhibits
adrenergic innervation (Owman et al, 1967). Systemic infusion
of epinephrine stimulated progesterone secretion in women
(Fylling, 1971) and adrenergic antagonists were shown to
block'ovulation in the rabbit (Virutamasen et al, 1977).

Stimulation of steroidogenesis and cyclic AMP by epinephrine
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In vitro was observed in the luteal tissue of rat (Harwood
et al, 1979), cow (Condon and Black, 1976) and sheep (Jordan
et al, 1978). Both rat and rabbit corpus luteura have been
found to contain a gonadotropin-responsive adenyl cyclase
system that is also responsive to [B-adrenergic catecholamines
(Birnbaumer et al, 1976). Since stimulatory effects of LH
and catecholamines were not found to be additive it appears
that the same adenyl cyclase system is responsive to both of
these agents. Adenyl cyclase activity in the homogenates
and in membrane particles from pig and rabbit follicles
(Birnbaumeret al, 1976) was stimulated to a lesser extent
by catecholamines indicating that the responsiveness to these
agents develops with the formation of corpus luteum (Birnbaumer
et al, 1976). Epinephrine induced adenyl cyclase activation
and progesterone production was inhibited by propranolol, a
B-adrenergic blocking agent (Harwood et al, 1980). However,

phentolamine, the

a-adrenergic blocker had no effect. Catecho-
lamines have also been shown to modulate the activity of
ornithine decarboxylase in isolated porcine granulosa cells.
This effect is most probably mediated by [3-2-receptors linked
to the adenyl cyclase system (Veldhuis et al, 1980).
Intravenous infusion of epinephrdae -keduced testosterone
production rate in the humans (Levin er al, 1967) while intra-

arterial infusion of either isoprenaline, epinephrine or
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norepinephrine into the dog testis resulted in an increase
in testosterone concentration in the venous effluent blood
(Eik-Nes, 1969). These varied effects appear to be due to

the effect of catecholamines on the blood vessels.

The possible role of catecholamines in Sertoli cell
function has been examined in detail recently (Heindel et al,
1981). Catecholamines stimulate cAMP accumulation in the
Sertoli cells and the P-antagonists inhibited the isoproterenol-

induced CAMP accumulation. The a-adrenergic agonists or

antagonists did not cause any change in the basal and isopro-
terenol-induced CAMP accumulation. Additional pharmacological
studies revealed that thef-receptor is of f,-subtype in the
Sertoli cells of rat (Heindel et al, 1981). Isoproterenol
was also shown to stimulate the production of a protein kinase
inhibitor (Tash et al, 1980) and accelarate-testosteront

metabolism by Sertoli cells (Verhoeven et al, 1979). The latter

effect however required pharmacological doses of iso-

proterenol and was reported to be due to f3, receptor stimulation

Qe S ERNEING o 750RREven, RigASING  HORMNE

Hypothalamic neurosecretory substances stimulate the
release of luteinizing hormone and follicle stimulating hormone
from the anterior pituitary gland. Secretory activity of LH

and FSH were thought to be regulated by two discrete releasing
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hor nrones nanely | uteini zing hornone rel easing hornone (LHRH)
and follicle stimulating hornone rel easi ng hornone (FSHRH)
respectively. However, follow ng extensive purification,
LHRH activity in the porcine (Schally et al, 1975) and ovine
(Anoss et al,1971) hypothalamc extracts could not be separated
fromFSHRH activity. Porcine LHRH was isolated by Schally
et al, (1971), and its decapeptide chemcal structure was
proposed by Matsuo et al (1971a). Matsuo et a. (1971b)
subsequently synthesized this hornmone and it was shown that
biologically it contained the properties simlar to the
natural LHRH (Arinura et al, 1972).

LHRH and many LHRH anal ogs stimulate the pituitary to
cause synthesis and rel ease of LH and FSH, thereby controlling
all reproduction processes in both nales and fenal es. Thus
processes such as onset of puberty, spermatogenesis folli-
cular maturation, the periodicity of the estrous or nenstrual
cycle, ovulation and gestation are influenced by LHRH through
the alteration in secretion rates of LH, FSH and gonadal
steroids. In turn, gonadal steroids exert an inhibitory
or stimulatory effect through negative or positive feedback
nmechani smon the rel ease of LHRH, as well as on the pituitary

LH and FSH responses to LHRH.

Though the principal action of LHRH appears to be on
the pituitary, a nunber of recent studies have denonstrated

that LHRH and its potent synthetic agonists act directly on
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the reproductive organs (Sharpe, 1980). IHRH and its agonists
cause inhibition of gonadotropic hormone induced response in
the hypophysectomized rats (Rippel and Johnson, 1976; Hsueh
and Erickson, 1979a,b; Ying and Guillerain, 1979). Hsueh and
Erickson, (1979b) observed that IHRH and its agonists cause
inhibition of FSH-induced increase in estrogen and progesterone
secretion by rat ovarian granulosa cells in vitro. Ying and
Guillemin (1979) demonstrated a dose dependent inhibitory
effect by an IHRH agonist on gonadotropin-induced ovarian

weight gain in hypophysectomized female rats.

In the male, IHRH and its analogs act directly on th®
testis and cause a decrease in testicular LHhGOG receptors
and inhibit testicular steroidogenesis in hypophysectomized
male rats, indicating a direct effect on the Leydig cells
(Hsueh and Erickson, 1979a). IHRH also causes inhibition
of steroid induced increase in the weight of accessory reproduc-
tive organs of rat (Sundaram et al, 1981). The antiandrogenlc
response of IHRH was also investigated on the mouse kidney
(Lecomte et al, 1982). IHRH and its agonist inhibited
testosterone induced increase in P-glucoronidase activity

in castrated male mice.

All direct effects of IHRH on gonads may not be inhibi-
tory. IHRH and its analogs increased PGE accumulation in

ovarian granulosa cells (Clark et al, 1980). This stimulatory
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effect of LHRH ad its agonists appeared to be independent

of the effects of LH or FSH. LHRH agonist appeared to

stimulate prostaglandin accumulation in the granulosa cells

by a mechanian independent of cAMP, Though earlier reports
implicated QAP as a mediator in the action of LHRH in the
pituitary (Borgeat et al, 1972), recent studies have demonstrated
that the release of LH and F3H in response to LHH is independent
of QAP response (Naor e d, 1978, Con & d, 1979, Sen ad
Menon, 1979).

Recent denonstration of specific, high affinity binding
sites for LHRH and its agonists on luteal cells in the ovary
(AQayton etal, 1979) and on Leydig cells in the testis
(Reeves et al, 1980; Lefebvre et al, 1980) support the
hypot hesis that LHRH may have sone regul atory role on the
gonads. However, in the testis semniferous tubules do not
contai n detectable nunber of specific binding sites for LHRH
(Reeves et al, 1980). This indicates that the regulatory role
of LHRH nay be confined to only Leydig cells of the testis

i n nal es.

1.6 ONADOTROPI C HORMONES AND_TESTI QLAR FUNCTI O\

During the postnatal devel opment of the nmale growth
and nmaturation of the testis is regulated to a | arge extent

by the two gl ycopepti de hornones nanely the | uteinizlng
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homone and follicle-stimulating hormone. However, the exact
role of these gonadotropins in the initiation and maintenance
of spermatogenesis is still not clearly understood. F3H
appears to play an important role during the initiation of
spermatogenesis (Fritz, 1978) while LH facilitates the
completion of spermatogenesis by stimulating the production

of testosterone from the Leydig cells (Steinberger, 1971).

FSH initiates a series of biochemical events in the
testis of immaure rat (Means, 1974; 1975). F3H binds to
specific receptors on the testis (Means and Vaitukaitis,
1972 Bhalla and Reichert, 1974| Steinberger and Chowdhury,
1974) and stimulates the adenyl cyclase syssem (Means, 1973).
This leads to an increase in intracellular concentration of
cyclic AVP (Murad e d, 1969; Kuehl & d, 1970z Dorrington
et d, 1972, Means, 1973; Dorrington and Fritz, 1974
Heindel et al, 1975), which in turn activates soluble protein
kinase (Means, 1973; Meas e d, 1974), The enhanced
catalytic activity of this ewyme is responsible for the
increase in phosphorylation of a variety of proteins (Means,
1975). The phosphorylated proteins appear to cause the
subsequent biochemical effects. F3H has been demonstrated
to stimulate general protein synthesis (Means and Hall, 1967,
1969, 1971; Abney et al, 1974; Dorrington e al, 1975 ad
also i‘ncrease RNA synthesis (Means, 1971; Means and Tindall,
1975).
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The main target cells for the action of FSH in the testis
art Sertoli cells (Dorrington et al, 1974a, 1975). In addition
to the actions reported above, FSH affects conversion of
testosterone to 17pB-estradiol, and stimulates IDNA and androgen
binding protein synthesis in Sertoli cells (Fritz et al, 1975).
ABP is a 90,000 molecular weight substance and shows very
high affinity for testosterone and 5a-dihydrotestosterone (Kd
of approximately InM) (Hansson Qe

et al, 1974; Vernon et al, 1974)
ABP disappears following hypophysectomy and its replenishment
requires injection of FSH (Hansson et al, 1973). In addition
to FSH, androgens and LH cause enhancement of ABP in the

testis (Hansson et al, 1976).
FSH is also implicated in the maturation of Leydig cells,

and in the responsiveness of lLeydig cells to LH (Odell at al,
1973* Chen et al, 1976; Van Beurden et .al, 1976). Administra-
tion of FSH to immature rats in vivo increases the number of
LH receptors in the Leydig cells and increases the rate of
testosterone production (Chen et al, 1976). These observations
indicate that FSH acts primarily on immature testicular
somatic cells and the influence of FSH on Leydig cells

diminishes during gonadal maturation.

The primary target cells for LH in the testis are Leydig
cells. Binding studies with I-hCG/LH revealed that hormone
binding is initially accompanied by increasing stimulation

of testosterone synthesis. However, testosterone levels
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reached a plateau when only a small proportion (<1%) of the
total binding sites are occupied (Catt et al, 1974). Forma-
tion of (CAVP is not detectable until testosterone production

is almost maximal; synthesis and release of (AMP then proceeded
in parallel with increase in hommone binding (Catt et al, 1974).
This indicates that the Leydig cells contain a large number of
excess receptors, above the number necessary for eliciting

a maximum steroidogenic response.

Gonadotropic hormones are known to influence various

enzymes in the testis. Teaticular intestitial tissue shows

ft

reduced A’ -33
-hydroxy steroid dehydrogenase (Levy er al, 1959)

and (3

-hydroxybutyrate dehydrogenase (Niemi and Ikonen, 1962).
The activity of these enzymes is restored by injection of
human chorionic gonadotropin (Samuels and Helmreich, 1956
Niemi and Ikonen, 1962). H3G also stimulates the conversion
of progesterone to androgens in the hypophysectomlzed rat
(Llaurado and Dominguez, 1963). Ay (1962) has shown that
HIG stimulates the proliferation of Leydig cells in the testis
of immature rat and that G in the rat testis and LH in the
chicken testis causes a marked increase in A-3B-hydoxy
steriod dehydrogenase activity. Both hormones also stimulate
a variety of other enzymes including acetyl esterase, [3-
glucornldase, sulfatase and 5-nucleotidase.

Hypophysectomy inhibits spermatogenesis and in the

mouse testis it causes a fairly rapid and complete loss of
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the testis specific LDHX which disappears within about 3
weeks of the operation and parallels the loss of testis
weight (Blackshaw and Elkington, 1967). Hypophysectomy of
the rat affects esterase isozymes differently. The Organo-
phosphate-sensltive activity of the majority of the intersti-
tial tissue is sharply decreased after the operation but the
c-type esterase of the Sertoli cells (acetyl esterase) and
the organophosphate resistant but apparently p-chloromercuri-
benzoate-sensitive esterase of some of the intestitial cells
appears to increase as these cells become chief surviors of
the testis cell population (Niemi and Korraano, 1965; Niemi
Niemi et al, 1966). Rukmini and Reddy (1981) have shown that
glucosaraine-6-phosphate synthase is stimulated by FIH and RMSG
while LH had no effect on this enzyme in the testis of immature

rat.

1.7 DESENITIZATIONI

Prolonged exposure of the target organ to hormone may
modify their response to subsequent stimulation by the same
or by other hormones. Several instances have been described
in which previous contact with physiological or high concentra-
tion of hormone results in a state of refractoriness or desensi-.
tization of the cells. This phenomenon has been widely
documented for insulin (Roth et al, 1975), catecholamines
(Remold-O'Donnell, 1974; Su et al, 1979; Anderson and laworskl,
1979), ACIH (Morera et a, 1978; Saez et a, 1979), parathyroid
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hormone (Wong, 1979), vasopressin (Roy et al, 1976), prosta-
glandins (Zor et al, 1972 Lamprecht et al, 1973 Ciosek et al,
1975) and LH or KOG (Conti e d, 1977; Lamprecht et d, 1977,
Tsuruhara et al, 1977, Saez et al, 1979). However, consider-
ably less is knonn about FSH desensitlzation (Selstam et al,

1976; Weiss and Armstrong, 1979).

Refractoriness to hormones which act via adenyl cyclase
system is associated with a marked decrease in hormone-stimulated
cyclic AVP production, (Tell et a, 1978, Zor et a, 1976;
Lamprecht et al, 1977; Selstam et a, 1976 Ahren et al, 1980) .
Prolonged stimulation of the target tissue with several
hormones and catecholamines results in subsequent attenuation
of CAVP response. The latter refractory phenomenon may be
specific to the hormone used, so that agents capable of
stimulating the accumulation of CGAVP through other distinctive
receptors are fully active (Plas and Nunez, 1975; Shear et al,
1976; Adachi et al, 1977; Lefkowitz and Williams, 1978);
this is termed as receptor or agonist specific desensltization
Studies on the agonist specific desensitization have mostly
implicated alterations at hormone-receptor interaction and/or
reduction in the number of receptors (Bockaert et al, 1976;
Johnson et al, 1978, Harden et a, 1979, Saez et a, 1979;
Conti et al, 1971% Lefkowitz and Williams, 1978; Wessels
et al, | 1978). On the other hand, stimulation by one hormone
may cause the tissue not to respond to other normally effec-

tive agonists* this is generally termed as non-specific
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or heterologous desensitization (Newcombe et al, 1975; Su
et al, 1916; Johnson et al, 1978). Heterologous desensitiza-
tion most probably involves alterations at a step distal to

the hormone receptor interaction (Johnson et al, 1978).

The extent of refractoriness depends both on the concentra-
tion of the agonist and the duration of the first stimulus.
In response to the stimulus by an agonist the cells go through
three phases of activity. Firstly an acute stimulation of
adenyl cyclase, secondly on continued exposure, a gradual
desensitization of cells and lastly a progressive recovery
of responsiveness. However, this mechanism of desensitization

is poorly understood.

1.8 SCOPE OF THE PRESENT TINVESTIGATION:

This Thesis deals with a comprehensive account of the
regulation of ornithine decarboxylase activity by prostaglandins,
catecholamines, LHRH and gonadotropic hormones in the testis
-of immature rat. Using ODC as a parameter the phenomenon
of desensitization of the testis to various hormones
indicated above was also studied under various experimental
conditions. In addition to these studies the effect of
o-difluoromethylornithine, a specific inhibitor of ODC, on
testlcular function was studied in Immature and prepubertal

rats.



Fig. 1 Sdame showing biosynthetic pathway of polyaraines
in animal tissues. The enzymes catalyzing the

reactions at various biosynthetic steps are given.
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L-methionine + ATP L-ornithine
(1) Co,
\* Pi+PPi Putrescine
'
adenosy! (2) > Decarboxylated
methionine \ adenosylmethionine
Co,
thiomethy| ‘_\J (3)
adenosine .,
Y
Spermidine

Decarboxylated
adenosyl methionine
(4)

Thiomethy!l
adenosine
A 4
Spermine
(1) Ornithine decarboxylase (3) Spermidine synthase

(2) SAM-decarboxylase (4) Spermine synthase
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MATERLALS AND GENERAL_IVETHODRS

2.1 CHEMICALS:

Ovine luteinizing hormone (NIH-LH-S=20), ovine follicle
stimulating hormone (NIH-FSH-S-12) were a generous gift from
National Pituitary Agency, National Institute of Arthritis,
Metabolism and Digestive Diseases (NIAMDD), Bethesda, U.S.A.
Highly purified F9H (100XNIH-FSH=-S1) was generously provided
by Dr. M.R. Sairam, Clinical Research Institute of Montreal,
Canada. Prostaglandins were provided by the Upjohn Company,
Kalamazoo, Michigan, U.S.A. Dibutyryl 3',5'=cyclic adenosine
monophosphate (CAMP), indomethacin (IM), ornithine, pyridoxal
phosphate, dithiothreitel (DTT), tris base, reduced glutathione,
collagenase (Type IV),bovine saeum albumin, 2,5-diphenyloxazele
(PPO), l,4=bis [2«(4-methyl=5-phenyloxazelyl)] benzene (POPOP),
luteinizing hormone releasing hormone, L~epinephrine bitartrate,
L-norepinephrine bitartrate, tyramine hydrochloride, serotonin
hydrochloride, isoproterenol bitartrate, DL-propranolel hydro-
choloride, dopamine hydrochloride, aspirin, orcinol, calf
thymus deoxyribonucleic acid (ONA) and yeast ribonucleic acid
(RNA) were purchased from Sgma Chemicd Company, St. Louis,
MQ U.SA. [3H]L-Leucine (3,300 mCi/mmol) and [3H]-thymidine
(9,800 mMCi/mmad) were obtained from Bhabha Atomic Research
Centre; Trombay, India. DL-[1_}4c] Ornithine monochloride
(58mCi/mmal) weas purchased from the Radiochemical Centre,

Amersham. Hyamine hydroxide (tissue solubilizer) was obtained
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from Beckman. 1 Methyl, 3=isobutyl-xanthine (MIX) was
obtained from Aldrich Chemical Company. Cyclic AMP assay
kit was purchased from the Radiochemical Centre, Amersham.
Phenoxybenzamine (PB) and practolol were obtained fxrem Smith
Kline and French (India) Limited, a=Difluoromethylornithine
(DFMO) was generously provided by Dr. David J, Wilkins of
Centre de Recherche merrell International, Strasbourg,
France. All other chemicals were of analytical grade ‘and

were purchased locally.

2.2 ANIMALS:

Immature male rats, derived from Wistar strain, aged
21-22 days, weighing between 25-30g were used in this study.
The rats were given water and the pellet diet from Hindustan
Lever Ltd., India, ad libitum. They were housed in an air
conditioned room (25°) and a regimen of 14h light and 1Oh

dark cycle was maintained.

2.3 TREATMENT:

Animds were injected intratesticularly using a
Unimatrix syringe with a 27 gauge needle as described by
Reddy ad Villee (197%b). Prostaglandins, gonadotropins,
luteinizing homone releasing hormone, cAMP, 1 methyl,
3-isobutylxanthine, indomethacin were injected in a total

volume of 5=10ul per testis in saline, ethanol or in
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salinesethanol (9:1, V/V) mixture. a=Difluoremethylornithine
wes injected in saline intraperitoneally. Aspirin was injected
intraperitoneally in propylene glycol. [3H] Thymidine o d

[3H] L-leucine weae injected in saline intratesticularly.
Catecholamines and other neurotransmitters were also admini-
stered in saline intratesticularly. In all experiments the
control animas received an equa amout of vehicle. Mog

of the inhibitor studies were done by injecting the inhibitor

15 min before the treatment of the hormone.

2.4 PREPARATI ON OF ENZYME SAMPLES:

The rats were killed by spinal dislocation. Testes were
removed, decapsulated and homogenized in 4 volumes of ice
cold TEHD buffer (Tris, 25mMy EDTA, C.,1lmMy DTT, 1.0mMy pH 7.4)
in an all glass homogenizer (Kontes) and centrifuged at
25,000 x g for 30 min in a liSE refrigerated centrifuge. The
supernatant was used for the assay of ornithine decarboxylase

activity.

2.5 ASSAY OF ORNI THI NE DECARBOXYLASE ACTIVITY:

The assay for AOC activity was done essentially as
described by Janne and Williams-Ashman (1971). The assay
mixture contained O.5umoles Of unlabelled ornithine,
2.5umoles of dithiothreitol, O.lpmoles of pyridoxal phosphate
and 0.2uCi of radioactive ornithine (250,000 epm) and 200u1

of aryme extract in a final volume of 0.5ml. For studies
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involving isolated Leydig cell and semniferous tubule
fractions p,25s noles of unlabelled ernithine was used. The

I ncubations were carried out in glass tubes equipped wth

r ubber stoppers fromwhich pol yethyl ene center wells (Kontes
dass (0.) or glass wells containing O0.2ml of hyamine hydroxi de
were suspended. The tubes were incubated at 37°C for 60 min
in a nmetabolic shaker and the reaction was stopped by inject-
ing 0.%5m1 of 10%x TCA The tubes were reincubated for an
additional 30 min to trap all liberated MCOZ- The center
wells were renoved and placed in scintillation vials containing
10m of scintillation mxture (4.0g PPOy 0.2g PCPCP in 1 litre
of toluene). The sanples were counted using Becknan Liquid
Scintillation Spectroneter (Mdel L5 3133P). The enzyne
activity is expressed as p noles of CO, liberated per ngy

protein per hour,

2.6 ASSAY OF CYCLIC AMP_a

Preparation of tissue extract: The rats were killed by

cervical dislocation and testes were renoved and frozen in
liquid nitrogen. The frozen testes were transferred to a

gl ass honogeni zer with a teflon pestle (Potter-Elvejhem
type) at -20°. Ten vol unes of ice cold 10% Trichl oroacetic
acid were added and the mxture was imedi ately homogenized.
After it had stood for 10 mnutes at 0° it was centrifuged
for 20 mnutes at 3000 x g at 0-3°. The super nat ant sol uti on
was transferred to a glass centrifuge tube and extracted

six times wth 2 volunmes of water saturated diethyl ether.

Following the last ether extraction the solution was heated
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in a water bath at 100° for i-2 minutes until the odour
of ether disappeared. AMP in the neutralized extract weas
stable indefinitely at -20°.

Cyclic AVP_Assay Procedure: The Radiochemical Centre cyclic

AVP assay Kit is specific and sensitive. The assay was
peformed in small tubes suitable for centrifugation. All
assay tubes were kept at 0°C in an ice-water bath. To the
assay tubes containing the standard or the unknown, 50pl of
labelled [3H] AMVP (0.02%uCi) ad 100ul of the binding protein
were added. Kroamn amount of AAMP ( 2pmol-l6pmol) and varying
aliquots of uknown samples were added to the assay tubes.

A total vodume of 50pl is typically reserved for these
components. To determine blank counts 1%0pl1 of 0.0%M tris-
BDOTA buffer, pH 7.5, containing M HEDIA was taken in duplicate
tubes containing labelled cAMP. All the tubes were vortex
mixed for about 5 seconds and the ice bath containing the
tubes was kept in a cold room at 2-4°c and left for 2 hours.
At the end of this period 100yl of charcoal suspension was
added, mixed briefly and the tubes were replaced in ice bath.
The tubes were centrifuged for about 5 min to sediment the
charcoal. 200ul of sample from each tube was removed and
placed in scintillation vials containing Bray's mixture

(4g of PO, 0.2g ROROP, 60g napthalene, 20ml ethyleneglycol,
100ml of methanol mede upto 1 litre with dioxane). The vials

were counted in a Bedkmen Liquid Scintillation Spectrometer
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(Modd LS 3133°). The ratio of the e«pems bound in the absence
of unlabelled AMP (Co) to the e.pems bound in the presence

of Standard or unknown unlabelled cyclic AMP (Cx) was calculated.
From the Co/Cx value for an unknown sample, the number of

pmoles Of CAMP were calculated using the standard eurve. The
AMP activity is expressed as pmoles/ml Of extract.

2.7 ISOLATION OF LEYDIG CHLS AND FEMINIFEROUS TUBULES @

The decapsulated testes from 6-8 animals were pooled and
Leydig cells and seminiferous tubules were separated by the
method of moyle and Ramachandran (1973)e The testes were
incubated in 50ml stoppered centrifuge tubes containing
Krebs-Ringer-bicarbonate buffer (O.5ml/testis), pH 7.4, O.1x%
collagenase and bovine serum albumin and IO glucose.
Addition of IMM reduced glutathione to the buffer increased
the stability of 0DCy hence it was added to the buffer during
incubation. The incubation was carried out for 30 min hy
placing the tubes in a water bath maintained at 37°c. The
tubes were shaken with a frequency of 75 cycles/min for 30
minutes and ©.1%4 NaCl was added to double the volume of
Krebs=Ringer bicarbonate buffer. The tubes were inverted
gently several times and allowed to stand for 1% min at room
temperature. The turbid supernatant solution contained the

Leydig cells while the seminiferous tubules remained at the



29

bottom. The supernatant containing Leydig cells was then
filtered through nylon gauze and centrifuged at 100xg at
room temperature for 10 min to sediment the Leydig cell
fraction. Leydig cells and seminiferous tubules were homoge-
nized in 4 vol of TED buffer (25mM tris, O.lmM EDTA and imM
DTT), pH 7.4, in an all glass homogenizer and centrifuged at
25,000xg for 30 min. The supernatant was used for the assay
of CDC activity,

Krebs-Ringer solution:

100 parts of 0.9% NaCl (0.1%5M)

4 parts of 1.15% KC1 (0.15M)

3 parts of 1.22* caci, (0.11M)

1 part of 2.11% KH, PO, (O.15M)

1 part of 3.8x% MgS0, TH,0 (0.15M)

Krebs-Ringer bicarbonate buffert

16 ml of 1.3 NaHCO, made upto 100 ml with Krebs-
Ringer solution and gassed with COz and pH adjusted
to 7.4

2.8 EXTRACTION AND ESTIMATION OF NUCLEC ACIDS:

The nucleic acids were extracted according to the
procedure of Schmidt and Thannhauser (1945) as per the
modification of Munro (1966). Two millilitres of 10*



homogenate (w/v) of the testes was mixed with 2.5ml of 10x%
ice cold TCA and centrifuged to remove acid soluble compounds.
The sediment wes washed once with 2.5ml of 10/. ice-cold TCA.
After the remova of the acid soluble compounds the sediment
was extracted twice with 5m of 95%% ethanol and the extract
was removed by centrifugation. An alcohol-ether (3:1) wash
was given to the sediment to remove any traces of lipids.

The lipid free tissue was suspended in 2m of 1N KOH and
incubated for 2 hours at 37°c. [NA and protein were then
precipitated by addition of 0.4ml of 6N HCL and 2.6ml of 5%
TCA and alowed to stand in ice for 10 minutes and centrifuged.
The supernatant fraction weas collected separately to estimate
RNA content. The sediment was suspended in 25ml of %% TCA
and boiled at 90°C for fifteen minutes with occasional
shaking. The mixture was centrifuged and the supernatant
collected in a test tube. The sediment wes washed with

15ml of 5« TCA and the combined supernatants were taken

for the estimation of DNA

Estimation_of Nucleic Acids:

ODNA was estimated by the diphenylamine colour reaction
and RNA by the orcinol reaction (Schneider, 1957). For
estimation of DNA one ml of the CNA extract was mixed with
2 of diphenylamine reagent and heated for 10 minutes in
boiling water. The intensity of blue colour was read at

600nm in a Systronics Spectrophotometer, The amount of DONA
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present in a sample was determined from a standard curve

using calf thymus [NA as the standard.

For the estimation of RNA one ml of RNA extract was
diluted to 1.5m1 with 5% TCA and heated for 30 min after
adding 1.5ml of orcinol reagent in a boiling water bath. The
intensity of the green colour was then read at 700nm. A
standard curve was prepared using purified yeast RNA as the

standard.

Diphenylamine reagent: This was prepared by dissolving one

gram of purified diphenylamine in 100ml of glacial acetic
acid and 2.75ml1 of conc. H,SO,.

Orcinol reagent: Ore gram of purified orcinol was dissolved
immediately before use in 100ml of concentrated HC1 containing
0.5g of FeClj.

2.9 ESIMATION OF PROTEIN:

Protein content weas estimated by the method of Lowry
et a (1951). Different aliquots of the unknown sample were
taken and mede up to lml with distilled water. To this 5ml
of alkaline copper reagent was added (Iml of 2'/. sodium
potassium tartrate and Iml of 1% copper Sulfate mixed with
100m of 2% sodium carbonate in 0.1N sodium hydroxide) and
the contents were mixed. The tubes were allowed to stand for

10 minutes and O.5m1 oOf 1N Folin-Ciocalteu reagent was added.



32

The colour was measured after 30 min at 67nm against the
blank. The protein concentration of the sample was determined
from a standard curve using 20-200pg of crystalline bovine

serum albumin (fraction IV) as standard.

2.10 INOORFORATION OF [ 34 1-LEUCINE AND [ 3H1=~THYMIDINE INTO
TCA PRECIPITABLE MATERIAL:

Incorporation of [B“H]-leucine or [EH]—thymidine into
TCA precipitable material was determined at 4 hours after
the injection. 5uCi of the precursor was given intratesti-
cularly under mild ether anesthesia. At autopsy, testes were
removed and homogenized in 2.0ml of distilled water and
precipitated by the addition of an equal volume of cold 10%
TCA. The precipitate was centrifuged at 2000xg for 10 min.
The resulting pellet was washed twice with cold 5% TCA
followed by one wash with 1:1 mixture of ethanol and ether.
The pellet thus obtained was dissolved in 0.2ml of hyamine
hydroxide and counted in Beckman Liquid Scintillation
Spectrometer (Model LS 3133P) containing 10ml of Bray's

solution.

2.11 STATISTICAL ANALYSIS:

Student's 't' test was used for analysis of the data

obtained in different experimental groups.
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REGULATION _Of ORNITHINE DECARBOXYLASE ACTIVITY
BY PROSTAGLANDINS IN THE TESTIS OF IMMATURE RAT

INTRODUCTION

Prostaglandins appear to cause Several effects in the
male reproductive system. They mimic the action of LH and
stimulate the synthesis of testosterone (Sairam, 1979) and
AMP (Grotjan et al, 1978) in dispersed rat interstitial
cells. However, in mice (Bartke et al, 1973) and rats (Saksena
et al, 1974) injection of prostaglandins was also shown to

cause decrease in testicular androgen production.

In females, prostaglandins induced owum maturation
(Tsafriri et a1, 1972a) and stimulated adenyl cyclase levels
(Marsh, 1971) and steroidogenesis (Speroff and Ramwell, 1970),
It was also observed that the in vivo levels of ODC in the
ovary of rat (Lamprecht et al, 1973) and in granulosa cells
in vitro (Osterman and Haymod 1978) were increased following
exposure to prostaglandins. These compounds have been found
to play an intermediary role in the action of gonadotropic
hormones in the ovary (Kuehl et al, 1970b). However, the
intermediary role of prostaglandins in LH or F9H action in
the mde is not known. Reddy axd Villee (1975a) observed that
gonadotropic hormones and AMP stimulate the levels of AC
in the testis of immature rat. The present wok dhows that
PGE, and PGF,, mimic yet another action of gonadotropic
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hormones and cause stimulation of CDC activity in the testis

of immature rat.

MATERIALS AND METHODS ¢

The source of the chemicals and animals is given in
Chapter 11. Stock solutions of prostaglandins were prepared
in ethanol at a concentration of 10mg/ml and diluted with 9
volumes of saline before use. Stock and working solutions of
hormones, AAMP and 1 methyl, 3-iscbutyl xanthine (MIX) were
made in saline. The animals were injected intratesticularly
using a Unimatrix syringe with a 27 gauge needle. Prostaglan-
dins, FSH, LH, AAMP or ml1X were injected in a total volume of
5-10ul per testis. Control animals received 10|il of saline,
5ul of ethanol or both as per the experimental design. At an
appropriate time the animals were killed by spinal dislocation
and testes were dissected out. The decapsulated testes were
homogenized in 4 volumes of cold homogenizing buffer in an
all glass homogenizer (Kontes) and centrifuged at 2%,000xg
for 30 minutes. The supernatant was used for the assay of
CDC activity. The methods for determination of protein content

and CDC activity are described in detail in Chapter I1.

For isolated cell studies the decapsulated testes from
6-8 animals were pooled and Leydig cells and seminiferous
tubule fractions were separated by incubation in Krebs-

Ringer bicarbonate buffer containing collagenase as described
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in Chapter 1I. Q3C activity of the separated fractions wes
measured as described in the proceeding chapter.

In experiments involving the effect of PGE, and PGFy,
on AMP content animals were injected intratesticularly with
PG or MIX or both. After 3 minutes the animas were killed
and the testes were removed and frozen in liquid nitrogen*
The frozen testes were processed as in Chapter 11 and the
supernatant was used for the assay of cAMP. AMP was assayed
by using cyclic AVP assay kit purchased from Amersham
(Chapter 11). The AMP content is expressed as pmoles/ml Of

extract.

RESULTS

The levels of AC in the testis at various ages from
day 10 to day 75 are given in Fig. 1. The enzyme activity on
day 10 of age was found to be high. At later time intervals
ODC activity declined gradually reaching to minimal detectable
levels at day 75. Day 21-22 animals were used for all subse-
quent experiments as the testes at this age were highly
responsive to various hormonal manipulations.

The effect of PGE, at a dose of 10ug/testis on the
activity of OX at various time intervals is given in Fig. 2.
The eniyme activity increased significantly at 1lh reaching to
maximal levels at 2h after the injection. This was followed
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by significant reduction at 4h declining to eentrel |evels

at 6h.

The effect of different doses of PGE, on ODC activity
Is shown in Fige 3. An increase in the activity of the
enzyme was observed following treatment with Sug of PGE,,
reaching naximal |levels at a dose of 1Opg per testis. H gher
doses of PGE, caused less stinulation in the activity of the

enzyne.

The effect of PGE, and PGF, al one and PGE,, i n conbi nati on
with cAW or MIX is given in table 1. Injection of MX to
prostaglandin treated aninals caused additional stimulation
of ODC activity when conpared with the aninals injected with
M X or PGE, alone. cAW alone caused an increase in the
activity of GDC. Injection of PGE, to cAW treated animals
i nduced additional stimulation of the enzyne. PGFg didnot

cause enhanced stinulation of ODC in the PGE, injected animals

The effect of PGE, and PGF. alone and PGE, in combina~
tion with MX on cAW levels is shown in Fig. 4. PGE, and
PGF 5, caused a significant increase in cAW at 30 m nutes
after the injection. The cyclic nucleotide phosphodi estrase
inhibitor, MX at a dose of Sug/testis al so caused significant
increase in cCAWP levels. In addition MX potentiated PGE,

stinmul ated i ncrease of CcAM,
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The effects of LH, FSH individually or in conbination
wWith PGE, is given in table 2, The gonadotropic hornmones
caused significant stimulation of ODC activity at a dose of
20ug per testis. |Injection of PGE, at a dose of 5 or 1Oupg
per testis to the LH or FSH treated ani nal s caused addi ti onal

stinmulation of CDC activity.

The effects of PGE, and PGF , alone and PGE, in combina-
tion with FSH or LH on OOC activity in the isolated Leydig
cells and seminiferous tubules of testis is given in table 3.
It was observed that PGE, and PGF,  significantly stimulated
the activity of CDC in both Leydig cells and seminiferous
tubules. LH caused significant stimulation of the enzyme
activity in Leydig cells while FH increased the C(DC levels
in seminiferous tubules eonly. Treatment with FSH and PGE,

did not increase the levels of CDC in the seminiferous tubules
over the levels seen in animals treated with PGE, alone.
Similarly injection of LH and PGE, did not cause hyperstimula-
tion in the Leydig cell fraction. This could be due to the
use of saturating dose of PGE, which by itself would have
caused stimulation of CDC activity in these two fractions.

DISCUSSON

The present study shows that during the development of
rat testis the levels of (DC are altered. Elevated levels of
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pol yam nes are associ ated with enbryonic, cancerous and

other actively growi ng tissues (Russell, 1973). High |evels
of ODC observed in early devel opnental stages coul d be due
to the active growth and devel opnent of the testds. MecIndoe
and Turkingten (1973) denonstrated high ODC activity on day
one after birth when the semniferous tubules contain only
gonocytes and Sertoli cells. They also observed a decrease
in CDC activity during the maturati on stages of testicular
devel opnent. The decrease in ODC activity observed in this
study during the devel opment and differentiation of the testis
could be due to the rapid proliferation of the cells which do
not contain ODCy resulting in |low specific activity of the

enzyne.

It is interesting to observe that PGE, and PGF,,  1like
FSH LH or cAW cause stimulation of ODC activity in rat
testis. These results are simlar to the observation nmade
earlier on the effect of PGE, on rat ovary invivo (Osterman
and Hanmmond, 1978) and in vi_tro (Lamprecht et al, 1973).

Studies on the tine courses of prostaglandin stinulation of
CDC reveal ed that maxi mumstinmul ati on occurs at 2h after the

treatment. This effect is dose dependent.

The nmechani smof action of pros tag landins in stimul ation
of ODC'in the testis is not well understood. Prostaglandins

were shown to cause an increase in the |evels of cAMP in
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the testis (Grotjan et al, 1978; Kolena, 1979). This effect
Is simlar to th* action of genadetrepic hornones on the
tt$tis (Dorrington et al, 19723 Heindel et al, 1977). Reddy
and Villee (1975a) and Osterman et al (1978) postul ated

that the gonadotropi c hornone induced increase in the |evels
of ADCin the testis and granul osa cells is probably nediated
through cAWP. In this study it was observed that PGE, and

PGF 5, Cause stimulation of cAMP levels at 30 mn after the

i njection of these drugs while CDC | evels were increased at

a nuch later tinme of 2h. Furthernore, the group treated with
CAWP in combination with PGE2 showed significantly hi gh ODC
activity when conpared to cAMP alone group and in addition

in the group treated with MX and PGE, the enzynme |evels were
significantly high conpared to PGE, or M X alone group. These
observations further support the hypothesis that the el evated
concentrations of cAW in the testis increase the levels of
ODC, supporting the hypothesis that the action of prostagl andi ns
is probably nediated by cAMP. However, it is possible that

ot her additional mnechanisns for the stimulation of ODC hy

prostagl andins are al so operative in the testis.

It was Interesting to note that treatnment with FSH or
LH along with naxinally effective dose of PGE, caused additional
stimulation of ODC activity. Hyperstimulation of CDC activity
observed in the present study following treatment with saturat-
ing |evels of PGE, and FSH or PGE, and LH nay be due to the

conbi ned action of these conpounds. It is also possible that
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PGE,, LH and FSH are acting on different cell types and are

0!
causing additional CODC activity. Studies using isolated cells
shows that hypers timul ation of OX | evels follow ng treatnent
wth PGE, and gonadotropi ¢ hornones observed in whol e testis
appears to be due to the conbi ned effect of these compounds

on different cell types in the testis of rat. PGFZQ in

conbi nation with PGE, did not cause any additive effect. This
I's probably due to the action of these conpounds on simlar
types of cells in the testis. These results show that in

addi tion to gonadotropi c hornones, prostagl andins al so

appear to play an inportant role in the regulation of sone

of the netabolic functions of the testis.
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JABLE |

EFFECT OF PGE~, PGFA_. GAMP AND MIX ON ORNITHINE
DECARBOXYLASE ACTIVITY IN TESTIS

Prostaglandins, MIX and AAMP were injected directly into

the testis in 5=10ul1 of vehicle as described in general
materials and methods section and the animals were killed

after 2h. Results are mean = S.E.M. oOf 3-5 detexminations from

6-10 animals per group,

Groups Treatment aC activity

( pmoles /h/mg

protein
1. Control 455+ 9
2. PGE, (1lOpg) 1315 + 123
3. PGF,, (10ug) 1152 + 24
4, PGE, (1lOpg) + PGF, (10ug) 950 + 125
- AAMP (20pg) 726 + 55
6. PGE, (10pg) + CAMP (20pg) 997 + 51%
7. MIX (Spg) 804 + 61
8. MIX (3ug) + PGE, (lOpg) 1902 # 129°

a=-significantly different from group 5 (p<0.01)

b-is significantlv different from group 7 (p<0.01) and
group 2 (p<0.05)
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JABLE 1l

EFAECT OF GOMBINED TREATMENT WITH PGE~ AND GONADOTROPIC
HORMONES ON _CDC ACTIVITY_IN THE TESTIS

Hormones and PGE, were administered intratesticularly in
5-10p1 of vehicle as described in materials and methods
section. Animals were killed 2h after the injectien.
Results are mean + S.E.M. of 3-5 determinations from 6-10
animals per group.

Q oups Tr eat nent OooC activity
(pmoles/h/mg protein)

1. Cont r ol 455 + 9

2. PGE, (10ug) 1315 + 125
3. PGE, (5pg) 969 + 15
4. LH (20pg)+PGE, (5ug) 1527 + 1232
5. LH (20ug) 1354 + 34
6. LH (20ug) + PGE, (lOpg) 082 4+ 93°
7. FSH (20pg) 793 + 42
8. FSH (20ug) + PGE, (5pg) 1125 + 71

a~-significantly different from group 3 (p<0.001)
b-significantly different from group 5 (p<0.001)
c-significantly different from group 7 (p<0.01)



TABLE |||

EFFECT OF PGE,, PGE, .2 FSH AND LH

IN THE ISOLATED LEYDIG CELLS AND SEMINIFEROUS TUBULES
OF TESTIS

All animals were killed at 2h after the injection of
Erostaglandins (lopg) or at 4h after the injection of
H (40pg) or F9H (40ug). The animals in groups 4 and
6 were treated with PGE, for 2h after the administra-
tion of LH or FSH. The values are meen + S.E.M. Of
4-5 different observations consisting of 8-10 animals

in each group.

Group Treatment QDC (pmoles/h/mg protein)
Mo. Leydig eminiferous

cells tubules

1. Saline 322 +18 549+40
2, PGE, 970 + 133¢ 1852 + 2289
3. LH 540 + 7%% 643 + 69
4.  LH+PGE, 859 + 799 1116 + 176°
5. FH 360+46 1006 + 1762
6. FSH + PGE, 753 + 29228 1033 + 144F¢
7. PGF 1012 + 1109 1277 + 338°
a b [ d

p<0.0%; “p<0.02; “p<0.0l1} p<0.001 as compared to

group 1.



Fig, 1 Pattern of omithine decarboxylase in the testis
during various ages of rat. The values represent
mean + S.E.M. Of 4=5 determinations from 8-10 rats
per group.
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Fig. 2 Effect of P’(‘.:‘;E2 on the levels of ODC activity in
the testis of rat at various time intervals. PGE,
was injected intratesticularly at a dose of 1lOug
per testis. Each polnt represents mean + S.E.M.
of 3-5 determinations from 6-10 animals., QO-——O PGE,,
@ ————@ saline.
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Fig. 3 Efect of various doses of PGE, on ODC activity
of immature rat testis. PGE, was injected intra-
testicularly and the enzyne activity was determ ned
at 2h as described in materials and nethods section.

Each point represents nean + S.E.M. of 3-5 determ na-

tions from 6«10 aninmals. O 0 Experinental,

@saline treated control.



16007

T 1 — —— V=
O O O
o ) =

400

=
o
~ o oo w

(wajoud Bw/ y/sajow d)
AK1IA130D 35D|AXOqUDOIp SUIYHUUIO

14007

16

12

PGE, (Mg)




Fig. 4 Effect of PGEy, PGF,  alone and PGE, in combination
with MIX on the levels of AMP Iin immature rat testis.
PGE, and PGF , were injected intratesticularly a a
dose of 1Oug per testis. MIX weas injected a a dose
of 5.g per testis, AMP content was determined at
30 rain after the injection of above compounds as
described in materials and methods section. Each
point represents meen + S.EB.4. Of 4 values. C-represents
saline injected control. a=:significantly different
from control (p<0.001=0.01), b=Significantly different
from PGE, alone treated group (p<UL001) »
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DESENSITIZATION OF TESTICULAR ORNITHINE DECARBOXYLASE
TO_PROSTAGLANDINS

INTRODUCTION:

Several tissues have been down to decrease in hormona
responsiveness following continued exposure to homologous
hormone (Catt et al, 1979a; Tell et al, 1978). Such a
phenomenon knomn as desensitization is wide spread in

biological tissues.

Prolonged exposure of prostaglandins to intact cells
renders these cells refractory to renewed exposure to prosta-
glandins in terras of AMP formation (Lamprecht et al, 1979) «
However, the precise mechaniam of desensitization to prosta-
glandins is not clear. In Chapter 11l A it was shown that
prostaglandins cause stimulation of AXC activity in the
testis of immaure rat and that this stimulation of G2C
activity by prostaglandins is mediated by cAMP.  Refractori-
ness to hormones which act via adenyl cyclase system is
associated with a maked decrease in hormone stimulated AMP
production (Zer et al, 1976| Lamprecht et al, 1979). In
this study A3C was used as a marker to investigate the
phenomaon of PGE, desensitization in the testis of immature

rat.

MATERIALS AND METHODS t

The source of chemicals is given in Chapter Il1. Immature
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male rats were given injections intratesticularly in a

total volume of S=10pul. At the desired time rats were
killed by spinal dislocation and the decapsul ated testes
wer e honogeni zed in 4 volumes of honogeni zi ng buffer

(Chapter Il) and centrifuged at 2%,000 x g for 30 m n and
the supernatant was used for the assay of ODC activity. The
met hods for the determnation of ODC activity and protein
content are described in Chapter II. In some experiments
Leydig cells and sem niferous tubules were separated by
collagenase treatment and the QDC activity of the isolated
cells was estimated as described in Chapter II. For the
assay of CAWP content the aninals were killed by spinal
dislocation and the testes were renoved and frozen in liquid
nitrogen. The frozen testes were processed for extraction
and estimation of CAWP as in Chapter 1.

RESULTS;

The effect of tine on desensitization of ornithine
decar boxyl ase response in the testis is given in Fig. 1.
In these experinents PGE, at two doses of 10 and 25ug was
used to study the phenonenon of desensitization in the
testis. Following the injection of the aninmals intrates-
ticularly with PGE, at O time a second injection of the
stimulatory dose of 10pg was given simlarly at 4, 16, 24
and 48h and the animals killed at 2hafter the second
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injection to monitor OX activity. The results dow that
exposure of the testis to 10 or 2%g9 of PGE,, 4 ad 16h
previously, did not render the testis refractory to second
injection of PGE, « ! indicating that the testis was not
desensitized at these time intervals. However, following

injection with 10 and 2%ug of PGE, the testis wes desensitized

2
a 24h as the second injection with 10pg of PGE, did not

cause stimulation of ODC activity. The testis became partially
responsive at 48h in the group desensitized with 25ug of

PGE, only. In these experiments appropriate controls were
treated with vehicle aone at O time followed by a second
injection with PGI-22 a 4, 16, 24 ad 48h. In these animals
the oDC levels were elevated and were similar to the group
treated with PGE, alone indicating that the desensitization
effects observed in Fig. 1 are not due to the saline-ethanol
injection used as vehicle or due to the stress of first
injection. Experiments to observe restimulation with PGE,

a later time intervals were not conducted as AOC of the
testis was found to become less responsive to PGE,, and

gonadotropic hormones after day 23.

The effect of various doses of PGE, on desensitization
of testicular AXC is dom in Fig. 2. In these experiments
various doses of PGE, were injected intratesticularly and at
24h thefeafter the stimulatory dose of 1opg oOf PGE. xwas

injected to monitor AXC levels after a further interval of 2n,
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The results dow that a mnmum of 10ug of PGE, is necessary
to cause desensitization of testis in terms of (BC activity.
At higher doses of 25 and %0ug the testis showed mudh more
diminished response to the second injection of PGE, indicat-
ing that the effect of desensitization is also dose dependent.
In addition to PGE,, PGF,  also causeddesensitization of
testis. The results presented in Fig. 3 dow that a minmum
of 25ug of PGF,  per testis is necessary to cause desensitiza-

tion of the testicular A3XC response.

Fig. 4 dows the effect of LH, FSH, and GAMP following
desensitization with 10Opg of PGE, . At 24h after intratesti-
cular injection of PGE,, 40pg of FSH or LH or 20pg of AVP
were injected similarly and the testicular A3C in these groups
wes measured subsequently at 2h.  The results dow that in
PGE, desensitized testis both the gonadotropic hormones and
AMP do not stimulate OX activity as the AQXC values were
significantly low when compaed to FSH, LH and AAMP alone

treated controls respectively.

The effect of PGE, desensitization on Leydig cells ad
seminiferous tubules is given in Fig. 5. In these experiments
a 24h after the injection with 10pg of PGE, a second injec-
tion of PGE,, FSH, LH or AMP was given. The animals were
killed 2h thereafter and the testicular seminiferous tubules

and Leydig cells were separated by collagenase treatment.e
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opcin the tw fractions was estinmated separately and the

data conpared with respective gontrols. The results show
that in desensitized testis second injection with PGE, does
not cause stimulation of CDC in both Leydig cells and sem ni -
ferous tubules, S mlarly cAW also did not stimulate enzyne
activity follow ng PGE, desensitization in both the testicular
fractions. The CDC activity of PGE, desensitized sem niferous
tubul e fraction was significantly less follow ng FSH injection
when conpared to aninmals treated with FSH alone. Simlarly
the COC activity of Leydig cells in the PGE, desensitized
testis was significantly less followng a second injection

wth LH when conpared to the controls treated with LH alone.

Fig. 6 shows the effect of various doses of PGF, on
desensitization of testis using CAW as the parameter. At
24h after the injection of varying doses of PGF,, a second
injection of 1lOpg of PGF,, was givenintratesticularly and
the | evels of cAW were estimated at 30 mn in the total
testis. A dose of 50pg of PGF,, Was found to be necessary

to cause desensitization of CAMW response in the testis.
D SCUSSI O\

The results presented in this study show that prol onged
exposure of the testis to PGE, or PGF,, renders the testis
refractory to second treatment wth PGE, or PGFgy ° Ref r act o-

riness to PGE, was dose and tine dependent. The testes which
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were refractory to PGE, progressively regained their respon-

siveness to PGE, at a later time in terms of (DC activity.

It was also observed that prolonged exposure of the
testis tO PGE, Or PGF, not only rendered the testis refractory
to these homologous agents but also caused desensitization
to LH, FSH, and cAMP, the other ko 3C stimulating agents
in the testis. This type of desensitization is knomn as
'Cross desensitization' oOr heterologous desensitization ad
was observed earlier for various other hormones (NewCombe
etal, 1975 Su et al, 19763 Johnson et al, 1978y Tougui
et al, 1980). However, in rat granulosa cells LH caused
stimulation of AMVP following PGE, desensitization (Lamprecht
et al, 1979).

In the preceding section it was suggested that the
action of PGE, and PGF 5, in stimulating AOC activity is
probably mediated through cAMP. However, in this section
it was observed that while PGF, causes desensitization of
QX activity a a dose of 25ug, this compound causes desensiti-
zation of AMP response a a mudh higher dose of %0pg per
testis. If the ABXC activity is totally mediated through
AWP the lower dose of 25ug of PGFg, must nave caused desensi-
tization of both AMP response as well as AOC response. Hence
it appears that the stimulation of A3XC in response to
prostaglandins is complex and could be due to some other

additional metabolic changes.
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The mechani sm of desensitization caused by prostaglandins
is not clear. Incubation of frog erythrocyte nmenbrane prepara-
tion wth pGE, caused a fall in receptor number (Lefkowitz
et al, 1977). It has also been suggested that a protein
i nhibitor triggered by PGE, My be responsible for the devel op-
ment of refractoriness in the ovarian follicle (Lanprect gt al,
1979). In addition to this it was observed that the cyto-
skeleton of the cell plays an inportant role in the adenylate
cyclase response to PGE, and stabilization of tubulin prevents
devel opment of refractoriness to PGE, (Zor et al, 1979).
Desensitization of testis following injection Wth PGE,
observed in this study nay be due to any one or all of the

above factors.

It was interesting to observe that cAW injection to
PGE, desensitized testis did not cause stinulation of ODC
activity in the testis. This indicates that the |esion caused
by the first injection of PGE, is beyond cAVP production.
A post-cyclic AWP block to testicular steroidogenesis follow
ing hCG desensitization was observed and this block was
correlated with a decrease in the steroidogenic enzyme
activity in the microsomes of Leydig cells (Chasalowet alt
1979). This study shows that ODC synthesis is disturbed at
a step beyond cAWP fornation follow ng desensitization with
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1 Effect of tine on desensitization of ernithine

decar boxyl ase response to PGE, in the testis.

Fol l owi ng injection with 10 or 25ug of PGE2 at

O time a second injection of 10pg of P652 was
given at 4, 16, 24 or 48h. Controls (0- - - -0)
were treated with vehicle alone at 0 tine

followed by a second injection with PGE, at 4, 16,
24 or 48h. Arrow represents ODC activity of
aninals treated with vehicle alone at 0 time

and at 24h later. Al aninmals were killed at

2h after the second injection of vehicle or PGE,
respectively for the assay of ODC activity. Values
represent nean + SEM of 3-5 determnations from

6~-10 aninmals in each group.
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1 Effect of time on desensitization of ernithine

decarboxylase response 10 PGE, in the testis.
Fellowing injection with 10 or 25pg of PGE2 at

O tine a second injection of 10pg of I’f:iE2 was
given at 4, 16 ,24 or 48h.Controls (0- =- -0)
were treated with vehicle alone at 0 time

fol | onved by a secend injection with PGE, at 4, 16,
24 or 48h. Arrow represents ODC activity of
aninals treated with vehicle alone at 0 time

and at 24h |ater. Al animals were killed at

2h after the second injection of vehicle or PGE,
respectively for the assay of ODC activity. Values
represent nean + S.E.M. of 3-5 determnations from

6-10 aninmals in each group.
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Fig. 2 Dose response relationship for PGE,~induced
desensitization of testicular GDC  Testes were
injected with 10, 25 or 50pg of PGE, and a 24h
thereafter the animals were given a second intra=—
testicular injection of PGE, (1Opg/testis). ODC
activity wes estimated at 2h after the second
injection. S-Represents injection of 10pl of
saline=ethanol mixture (9:1, v/v) as vehicle. a,

b ad c - Significantly different compaed to the
group injected with vehicle followed by PGE, (10un9)
(p<0.001) for 2h. Results are mem +_S.E. M. of
3-5 determinations from 6-10 animals in each group.



ﬁ

1500 ’-

s

19)04d buwi

= S
S D

\c\mw_m.Eav Ayiazoe DQo

PG

PG

PG



Fig. 3 Effect of PGF,, ondesensitization of testicular
ODC. PGF2a at a dose of 1l0ug or 2%ug per testis
was injected intratesticularly. At 24h thereafter

10pg of PGF,, was injected and OX levels were

estimated after an interval of 2h. S-Represents

injection of 10pl saline-ethanol (9:1, v/v) as

vehicle. a=Significantly different (p<0.02)
compaed with the group treated with vehicle followed
by PGF,, (l0ug) for 2h. Results are mem + S.E.M.

of 3-% determinations from 6-10 animals in each
group.
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‘ig. 4 Effect of FSH, LH anrd AAMP on PGE, desensitized testis.

At 24h after the injection of 1lOpg of PGE,, 40pg of
LH, 40pg of FSH, 20ug of AAVP or 10pg of PGE, were
injected and the animals were killed 2h later for

the estimation of AXC activity in the total testis.

a b, ¢ ad d - Significantly different when compared
with the respective controls injected with similar
doses of PGE,, LH, F84 or AAMP aone (p<0.01~0.001).
Results are mean + S.E.v. of 3-5 determinations from
6~-10 animals in each group. S=-Represents injection of

10pl saline-ethanol mixture (9:1, v/v) as vehicle.
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Fig. 5 Effect of PGE,, FSH, LH and AP on Leydig cell ad
seminiferous tubule fractions in the PGE, desensitized
testis. The testis was desensitized with 10ug of PGE,.
At 24h after the first injection of PGE, a second
injection of 10pg of PGE,, 40pg of FSH, 40pg of LH or
20pg of AVP were given axd the activity of 0DC
estimated in the Leydig cell and seminiferous tubule
fractions at 2h. a, b, ¢ and d - Significantly different
from the corresponding controls injected with similar
doses of PGE,, LH, F91 or AAVP aone (p<0.01-0.001).
Results are meen + S.E.M. of 3-5 determinations from
6-10 animals in each group. S-represents injection

of 1oul of saline-ethanol mixture (9:1, v/v) as vehicle.
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Fig. 6 Effect of various doses of PGF,, on desensitization
of testicular cAvP levels. Groups of animals were
injected with 10, 25 or 50ug of PGF,, per testis.
At 24h thereafter the animas weae given a second
intratesticular injection of PGan (1opg/testis) .
AMP content was estimated 30 ran after the second
injection. a - Significantly different (p=0.05)
from the animals treated with vehicle followed by
PGF 5, for 2h. Results are memn + S.E.i. of 3-5
determinations from 6-10 animals in each group.
S-Represents injection of 10pl of saline~ethanol

mixture (9:1, v/v) as vehicle.
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CHAPTER |V

Ae

EFFECT O CATECHOLAMINES ON ORNITHINE
DECARBOXYLASE ACTIM TY IN THE TESTIS

O | MWATURE RAT.

B. DESENS TI ZATI ON OF TESTICULAR CRN TH NE
DECARBOXYLASE ACTIM TY TO NOREPINEPHRINE
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EFFECT OF CATECHOLAMINES ON_ORHITHINE DECARBOXYLASE
ACTIVITY IN_THE TESTIS OF IMMATURE RAT

INTRODUCTIONS

The testis of rat contains adrenergic nerve innervation
in close proximity to testicular blood vessels (Norberg et al.
1967). Large doses of epinephrine ad norepinephrine affect
testicular vasoconstriction and blood flow (Free and Jafee,
1972by Gares and VaDamak, 1974). It was observed that the
general metabolic activity of the testis is altered by the
addition of epinephrine in vitre to the testicular tissue
(Ewing et al, 1964). Catecholamines caused reduction in the
level of testosterone (Damba and Janson, 1978). However,
the levels of AVP were found to increase following treatment

with catecholamines in vitro (Heindel et al, 1981).

In this chapter data on the modulation of the activity
of ornithine decarboxylase in the testis of immaure rat by
catecholamines is presented. In the previous sections it wes
down that testicular ornithine decarboxylase is strikingly
responsive to hormond effectors such as LH, F9H4 and certain
prostaglandins. The present study dows that in the testis
QXC activity is regulated by catecholamines probably through

the mediation of a~adrenergic receptors.
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MATERIALS AND METHODS

The source of chemicals is given in Chapter I1. Immature
male rats, aged 21-22 days were injected intratesticularly
under mild ether anesthesia with hormones, PGE, or AMP in
5-10pl of 0.1%¢ sodium chloride, ethanol or ethanol saline
mixture. At appropriate time the animals were killed by
spinal dislocation and the decapsulated testes were homogenized
in 4 volumes of homogenizing buffer (Chapter 11). The super-
natant was used for the assay of CDC activity as described in
Chapter 1l1. Leydig cells and seminiferous tubules were
isolated by incubationin Krebs-Ringer bicarbonate buffer con-
taining lmg/ml collagenase as detailed in General Materials
and Methods. Protein content was measured by the procedure

of Lowry etal (1951).
RESULTS

The effect of injection of epinephrine at a dose of 1lug/
testis on total testicular ODC activity at various tinme
intervals isS given in Fig. 1. It was observed that maxi mal
stinulation of ODC occurred at 2h after the injection of
epi nephrine. The enzyme activity declined at later tine

intervals and was conparable to control levels at 6h.

The effect of various doses of epinephrine and nore=-

pi nephrine on ODC activity at 2h after the injection is given
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in table 1. Both epinephrine and norepinephrine caused
significant stimulation of the ewyme activity following
injection with 100pg of the drug. Catecholamines did not
cause awy effect at lower than this dose. Maximd stimulation
of the amyme activity was obsarved with 500ng of epinephrine
and lpg of norepinephrine. The effect of various other
neurotransmitters on A3XC activity is given in table I1.
Isoproterenol (lug/testes) caused significant stimulation

of AXC activity a 2h after the treatment. Dopamine, tyramine
and serotonin did not cause stimulation of the eawyme a a
dose of lug/testis.

The effect of epinephrine and norepinephrine on Leydig
cell ard seminiferous tubule fractions is given in table I11.
Both epinephrine axd norepinephrine caused significant
stimulation of OX activity in the isolated Leydig cells ad
seminiferous tubule fractions at 2h after treatment. Table
IV dows the effect of combined treatment with epinephrine
and FSH, LH, PGE norepinephrine o AVP on AC activity
at 2h after the injection. It wes observed that simultaneous
injection of any of the above compounds to epinephrine
treated animas caused significantly higher stimulation of

the eawzyme activity.

The effect of v arious a-and |3-adrenergic antagonists
on epinephrine stimulated OX activity is given in table V.
The g-adrenergic antagonist propranolol and practolol did
not inhibit epinephrine induced OX activity. D=L Propranolol
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even at a high dose of %0pg/testis did not cause inhibition
of epinephrine stimulated AXC activity. On the contrary
10pg of phenoxybenzamine, the a~adrenergic antagonist, caused

significant inhibition of epinephrine stimulated ABC activity.
DI SCUSSI ON

The results presented in this chapter show that epine-
phrine, norepinephrine and isoproterenol cause stimulation
of ODC activity. Both epinephrine and norepinephrine caused
dose and tinme dependent stinulation of OX activity. Cate=-
cholamines increased the enzyme activity in both Leydig
cells and semniferous tubules.

It is interesting to note that injection of norepine-
phrine, PGE,, LH, FSH or cAMP to animals treated with saturat-
ing dose of epinephrine cause additional stimulation of ODC
activity. This may be due to the action of these conpounds
on different types of cells causing hypers timul at ion of oDC
activity in the whole testis. Additional stinulation of ODC
activity observed in this study following treatment with
nor epi nephrine to epinephrine treated aninmals is interesting.
This may be due to the action of these tw catechclamines
on two different types of receptors on the same cell or due
to their action erlentirely different population of cells in
the testis. Furthernore, PGE, which also acts on both
semniferous tubules and Leydig cells also caused additiona
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stimulation of the eamyme in animals treated with saturating
dose of epinephrine. These results support the hypothesis

that hyperstimulation of AOC activity in these animals is due
to the action of these different compounds on different types

of cells.

The effect of epinephrine was not inhibited by the g-
adrenergic receptor antagonists, propranolol and practeolol,
while it was blocked by a-adrenergic receptor antagonist,
phenoxybenzamine. This indicates that the stimulation of A2C
by catecholamines is mediated through functional wo-adrenergic

receptors in the testis.

It was proposed earlier (Chapter 111 A) that the increase
in the levels of AXC following injection with LH, FSH, PGE,,
and PGF,  is mediated through AMP in the testis of rat. The
mechanian of catecholamine stimulation of AXC in the testis
is not clear. It is possible that AMP is involved in the
stimulation of A3C by catecholamines. Additional stimulation
of AOC observed in this study in response to epinephrine and
LH, FSH, PGE, or norepinephrine mey be due to the increased
stimulation of AMP in response to the combined action of
these agents. Heindel et al (1981), dwowed that stimulation
of AVP in rat Sertoli cells is prevented by f-adrenergic
antagonists. In the present wak it was observed that induc-

tion of ODC on the other hand is prevented by prior treatment



with a-adrenergic blocking agents in the testis. This
indicates that 0DC induction in the rat testis is mediated

through a medhaniam involving a-adrenergic receptors.

66



JARLEI,

V, OF_EPINEPHRINE AND NOREPINE--
PHRINE ON _0Dc_ACTIVITY IN THE TESTIS

OX activity was_measured at 2h after the injection of
the compounds. The results are mean + S.E.v. Of 3-5
determinations from 6-10 animals per "group.

OX activit
Treatment Dose/Testis (pmoles/h/mg pr%tei n)

Saline B 700 £ 112
ljorepinephrine 100 pg 1087 + 51
10 ng 1047 + 33
100 ng 1197 + 94
1.0 ng 1419 + 19
10.0 pg 1628 + 140
Epinephrine 100 pg 1083 + 43
500 ng 1353 + 113
1.0 pg 1268 + 114
10.0 ug 1357 ¢ 121

All treated groups were statistically significant
(P<0.05-P<0.001) V/hen compared to the saline treated
controls.
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TABLE 11

EEEECT OF VAR QUS NEUROTRANSM TTERS ON CDC ACTIM TY
IN TESTIS

ODC activity was nmeasured at 2h after the injection of
the conmpounds. The results are nean + S.E.M. of 3-5
determinations from 6-~10 animal s per group.

Group Treatment - 0?35 /r?f“févé%t o)
1. Saline 709+64
2. Epinephrine (1lpg) 1268 +114
3. Norepinephrine (lpg) 1419+ 19
4. | soproterenol (lpg) 1313+ 60
5. Dopamine (lpg) 547 + 59
6. Tyramine (lug) 611 + 65
7. Serotonin (lpg) 868 + 75

Qoups 2, 3 and 4 are significantly different (P<0.001)
fromgroup 1 controls.
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TABLE |11

EFHECT OF EPINEPHRINE AND NOREANEFHRENE ON ODC ACTIVITY
IN LEYDIG CELLS AND SEMINIHEROUS TUBULES

Leydig cell and seminiferous tubule fractions were separated
as described in General Materials and Methods section.

CDC activity was measured at 2h after the injection of
catecholamines. Each 8roup consists of 3-4 ‘determinations
containing 15-2 animals.

ODC activit oles/h/mg protein
Treatment Ley cells Seminiferous
tubules
Control 322 4+ 18 549 + 40
Epinephrine, 1lpg 678 + 101 999 + 96
Norepinephrine, lug T54 + 43 1064 + 34

All treated values are significantly (P<0.001) different from
controls.
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LE IV

QOVBINED EFFECT OF CATECHOLAMINES, GONADOTROPIC HORMONES
PGE, AND cAMP _ON ODC ACTIVITY IN THE TESTIS

ODC activity was estimated at 2h after the injection of the
various compounds. The results are mean + S.E.M. of 3-5
determinations from 6-10 animals per group.

Group Tredtment axC activity )
No. (pmoles/h/mg protein) Comments
1. Control 709 + 64
2., Epinephrine (1lpg) 1268 + 114 p<0.01 vs group 1
3. Norepinephrine (1lug) 1419 + 19 p<0.001 vs group 1
4. Epinephrine (lpg) +

Norepinephrine (lug) 2328 + 230 p<0.0l vs group 2
5. Epinephrine (lpg) +

AMP (20ug) 1870 + 143 p<0.05 vs group 2
6. Epinephrine (lpg) +

H (40pg) 1772 + 142 p<0.0% vs group 2
7. Epinephrine (lpg) +

FSH (40ug) 1992 + 87 p<0.01 vs group 2
8. Epinephrine (lpg) +

PGE, (10pg) 2188 + 106 p<0.001 vs group 2




JABLE V

EFECT OF tAND 8=ADRENERGIC ANTAGONISTS ON ERINEPHRINE
SIIMULATED aXC ACTIVITY

Epinephrine was injected in 10ul of saline. Propranolol
practalol and phenoxybenzamine were injected intratesti-
cularly 15 min before the injection of eninephrine in,
5-10pu1 of salinet ethanol mixture (9:1, v/v). All animals
were killed at 2h after the injection of epinephrine.
Results are expressed as mean + S.E.v. of 3-5 determina-
tions from 6-10 animals per group.

QX activity
Treatment (pmol/h/mg protein )

1. Control 709 + 64
2. Epinephrine (1lpg) 1716+ 114
3. Epinephrine (lug) +

Propranolol (10pg) 1872+ 60
4. Epinephrine (lpg) +

Propranolol (50ug) 1651 + 141
5. Epinephrine (lpg) +

Practolol (10pg) 1530 + 54
6. Epinephrine (lug) +

Phenoxybenzamine (1lOpg) 948 + 53°
7. Epinephrine (1lug) +

Phenoxybenzamine (20ug) 1108 _+ 1198

a-significantly different (p<0.01) from group 2.
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Fig. 1 Time course of action of epinephrine on CDC
activity in the testis. Epinephrine was injected
intratesticularly at a dose of lug/testis and the
animals were killed at various time intervals. The
arrow indicates the untreated control value.
Results are man + s.E.M. of 3-5 determinations
from 6-10 animals in each group.
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DESENSITIZATION OF TESTI QU_AR ORNITHINE
DECARBOXYLASE ACTIVILTY TO NOREPINEPHRINE

INTRODUCTION:

Exposure of target organ or cells to hornones may nodify
their response to subsequent stinmulation by the sane or by
ot her hormones. Prolonged stimnulation of the target tissue
to hornones and catecholamnes results in subsequent attenua-
tion of the cyclic AWP response (Manganielle and Vaughan,
1972% Franklin et al, 197%; Hsueh et al, 19773 Lamprecht
et al, 1977y Terasaki et al, 1978y Perkins et al, 1978).

In the previous section it was reported that norepine~
phri ne enhances CDC activity in the whole testis and in
isolated Leydig cells and semniferous tubules. In the present
section evidence is presented to show that prior exposure
to norepinephrine results in a dose and time dependent

desensitization with respect to ODC activity.

NATERI ALS AND METHODS

The materials and aninmals were obtai ned as descri bed
previously in Chapter I1. At appropriate tine the decapsu-
lated testes were honogenized in buffer (Chapter 11). The
honogenat e was centrifuged at 25,000 x g for 30 mnutes and
the supernatant was used for the estination of CDC activity

as detailed in Chapter II.
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RESULTS:

Fig. 1 shows norepinephrine induced desensitization as
a function of time. Animals were treated intratesticularly
with 1Opg of norepinephrine per testis and at an appropriate
time second injection of lug of norepinephrine was similarly
administered. (CDC activity was estimated at 2h after the
second injection. The results show that 16h of pretreatment
with norepinephrine caused partial desensitization. Maximal
desensitization of the testis occurred by 24h pretreatment
with norepinephrine. At 48h after the first injection with
norepinephrine the testls was no longer desensitized as the
second injection caused stimulation of CDC activity.

Table 1 shows the dose response relationship for norepine-
phrine induced desensitization of testicular ODC. It was
observed that desensitization occurs more slowly when lower
concentrations of the agonist are used. Norepinephrine at
a dose of 0.lpg/testis did not cause refractoriness of
testicular ODC. However, at a dose of 1.0pg/testis it caused
partial refractoriness. A dose of 1Oug per testis caused
pronounced desensitization. The higher dose of 50ug of

norepinephrine was found to be toxic to the animals.

Fig. 2 shows the effect of LH, FSH, PGF 4+ epinephrine
and AAMP on the norepinephrine desensitized testis. In

these experiments the testes were desentized by injecting
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intratesticularly with 1Opg of norepinephrine. After an
interval of 24h a second injection of a stinulatory dose

of one of the above conpounds was given. The animals were
killed at 2h after the second injection and the ODC activity
of the decapsul ated testes was estimated. The results show
that desensitization with norepinephrine did not cause the

testes refractory to any of these conpounds.

Fig. 3 shows the effect of norepinephrine on pGF,,
desensitized testis. In the preceding chapter it was shown
that injection of PGF,, at a dose of 2%ug per testis caused
refractoriness in the testis as the second injection of
stinmulatory dose of 10pg of PGF,, at 24h after the first
Injection did not cause stimulation of ODC activity. In
this study it was observed that injection of norepinephrine
to PGFy, desensitizedtestis caused significantly less stinu-
| ation of ODC activity when conpared w th norepinephrine

alone treated animals.

DI_SCUSSI ON:

The present experiments demonstrate that after the first
exposure to norepinephrine, the testis enters a period of
refractioriness Or desentiziation and during this time
second injection with the stimulatory dose of norepinephrine
does not cause stinulation of ODC. The extent of refractori-

ness depends both on the dose of the agonist and dur
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of the first injection. Vehoeven et al (1980) also
observed that isoproterenol causes desensitization in
Sertoli cells in vitre in terms of AMP production and the
desensitization was both dose and time dependent. In the
present wak it was observed that prior injection with nore -
pinephrine does not cause the testis refractory to PGFaa,
LH, FSH and cAMP. This type of desensitization which is
specific to the homoogous hormone is ko as agonist
specific desensitization (Plas and Nunez, 1975) Shear et al.

19765 Adachi et al, 1977y Lefkowitz and Williams, 1978)

The mechanian of desensitization process still remans
to be elucidated. It has been reported that homone
induced refractoriness is accompanied by loss of mambrane
receptors or "down-regulation'' . Studies by Catt ad his
group dow that the initial loss of measurable G5 receptors
in the luteinized rat ovary is due to receptor occupancy
where as secondary refractory state is due to the real loss
of receptors (Catt et al, 1979b)e In addition to "down
regulation'' of receptors other factors are also involved
in the desensitization pheomenon (Johnson et al, 1978|
Saezg_t___g%_, 19793 Su et al, 1979). In this study it was
domwn that injection of PGF 5, results in maked cross-
desensitization for norepinephrine whaee as norepinephrine
desensitized testes are fully responsive to PGF, . Probably
these two compounds act through different membrane receptors
due to the structural dissimilarities. Hence the sequence
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of events leading to desensitization in response to PGF 5,

and norepinephrine may be different, Harwood et al, (1979)
observed that desensitization of ovarian luteal cells by

hCG |eads to the |loss of responsiveness to both LH and
epinephrine. Since the two hornones act via independent
receptors to evoke cCAWP production and stereidogenesis, these
aut hors suggested that desensitization by hCG leads to a
defect in the coupling of p-adrenergic receptors to adenylate

cycl ase.

Anot her interesting observation made in the present study
I's that norepinephrine desensitized testes are fully respon-
sive to epinephrine. This could be due to the action of
t hese conpounds on two entirely different population of
cells in the testis or due to their action on two different

receptors on the sane cell.

In another set of experiments it was observed that CAW
I njection to norepinephrine desensi ized testis caused
stinulation of opc activity in the whole testisy; the GDC
levels in the testis of these animals were conparable to
the cAMP al one treated group. These results indicate that
desensitization caused by norepinephrine is not due to a
post cyclic avP block while in the previous chapter
(Chapter IIIB) it was observed that PGE, caused desensitiza-
tion of the testis at a step beyond cAW formation. Thus it
appears that the nechani sm of desensitization caused by
prostaglandins and catecholamnes in the testis is different

in terns of ODC activity.
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IABE |
EEFECT. OF VARIQUS DOSES OF NOREFANEFHRINE ON DESENSITIZATION

OF aC ACTIVITY IN_THE TESTIS

24h after the first injection of graded doses of norepinephrine
a second injection of stimulatory dose of norepinephrine lp.g)
was injected. The animals were killed at 2h after the secon
injection and C(DC levels were estimated in the testis. Results
are mean + S.E.M. of 3-5 determinations from 6-10 animals in
each group.

Treatment
1st injection 2nd injection

QX _activity
(pmoles/h/mg protein )

Saline Saline 609 + 20
Saline Norepinephrine 1419 +. 39

3. Norepinephrine Norepinephrine 1321 + 210
4. Norepinephrine Norepinephrine 1039 + 54°2
5. Norepinephrine Norepinephrine a
(10 .0pg (1.0u9) 806 + 62

——

a-p<0.,01 and b=p<0.001 when compared to group 2



Fige 1 Effect of tine on desensitization of ornithine
decarboxylase response to norepinephrine in the
testis. Following injection with 10ug of NE at
O tine a second injection of lpg of NE was given

at 4, 16, 24 or 48h. Controls ( © 0 )

were treated wth vehicle alone at O tine foll owed
by a second injection with NE at 4, 16, 24 or 48h.
Arrow represents CDC activity of aninmals treated
with vehicle alone at O tinme and at 24h | ater.

Al aninals were killed at 2h after the second
injection of vehicle or NE for the assay of CDC
activity. Values represent nean + S.E.M. of 3-5

determnations from6-10 aninmals in each group.
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Fig. 2 Effect of FH, LH, PGF,, epinephrine and cAMP on
norepinephrine desensitized testis. At 24h after
the injection of 1Opg of norepinephrine, 40pg of LH,
40pg of FSH, lug of epinephrine, lpg of norepinephrine,
20pg of cAMP, 10ug of PGF, were injectedintratesti-
cularly and the animals wee Killed 2h later for the
estimation of ODC activity in the testis. * - Signi-
ficantly different (p<0.001) when compared to the
group treated with vehicle followed by norepinephrine
(lpg) for 2he &, b, ¢, d ad e - Statistically similar
when compared with respective controls. Results are
meen + S.E.M. of 3-5 determinations from 6-10 animals
in eech group. S - Represents injection of 10pl of

saline: ethanol mixture (9*1, v/v) as vehicle.
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Fig. 3 Effect of norepinephrine on PGF, desensitized testis.
Animas were intratesticularly injected with PGF,
(25pg/test18) in the first injection. 24h thereafter
norepinephrine (lpg/testis) or PGF 5, (lOpg/testis)
was given similarly ad the animas wee killed after
an interval of 2h for the assay of A3XC activity.

a - Significantly different (p<0.02) when compaed to
animals treated with vehicle followed by PGF 5y
(1opg/testis), b - Significantly different (p<0.001)
compared to group treated with vehicle followed by
norepinephrine (lug/testis). S - Represents salinet
ethanol mixture (9:1, v/v). Results are memn + S.E.M.

of 3-5 determinations from 6-10 animas in each group.
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CHAPTER V.

STIMULATION OF ORNITHINE DECARBOXYLASE
ACTIVITY BY LUTEINIZING HORMONE RELEASING
HORMONES IN THF. TESTIS.
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STIMULATION OF ORNITHINE DECARBOXYLAE ACTIVITY BY
LUTEINIZING HORMONE RH FAING HRVIONE IN THE TESTIS

INTRODUCTION:

Luteinizing hormone releasing hormone (LHRH) stimulates
gonado tropic hormone production in the pituitary (Schally,
19783 Guillemin, 1978). However, paradoxically different
effects of LHRH are also observed. LHRH and its potent synthe-
tic LHRH analogs inhibit processes required for reproductive
function in the female (Corbin et al, 1978) and in the male
(Corbin et al, 1978| Rivier et al, 1979). These inhibitions
are possibily due to imbalance in pituitary gonadotropin
production in response to persistent stimulation of pituitary
gland by LHRH (Belchetz et al, 1978) and/or due to the down
regulation of gonadotropin receptors in target tissue by
large amounts of gonadotropins released by the pituitary

(Rivieretal, 19783 Catt et al, 1979b; Kledzik et al, 1978).

More recently, however, the ability of LHRH and its
analogs to act directly on the male and female reproductive
organs has been established. In the male, LHRH inhibits
FSH~induced increase in testicular LH/hCG receptors and
also inhibits testicular steroidogenesis in hypophysectomized
male rats (Arimura et al, 1979% Hsueh and Erickson, 1979a).

LHRH causes inhibition of steroid induced increase in the
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weight of accessory reproductive organs of rat (Sundaram
et 3k* 1981) and causes inhibition of testosterone induced
P=glucoronidase activity in mouse kidney (Lecomte et al, 1982).
In the female LHRH inhibits F9H stimulated steroid production
in yive and in vitro (Hsueh and Erickson, 1979b; Hsueh et al,
19803 Massicotte et al, 1980; Knecht et al, 1981$ Jones ad
Hsueh, 1981| Gore-Langton et al, 1981), follicular development
(Ying and Guillemin,1979) and FSH induced LHhOG receptors

in cultures of granulosa cells (Hsueh et al, 1980). LHH
agonists have also been found to inhibit F9H stimulated cAMP
accumulation in granulosa cells (Massicotte et al, 19803

Knecht et al, 1981).

However, the effects of LHRH or LHRH analogs on granulosa
cell function have varied from inhibitory to stimulatory
depending upon the experimental conditions used and parameters
examined. In a different series of experiments LHRH agonists
were hown to stimulate prostaglandin accumulation (Clark
etal, 19803 Clark, 1982), progesterone synthesis (Clark and
Marsh, 19803 Knecht et al, 198l3Jones and Hsueh, 1981) ad
cause maturation of oocytes (Hillensjo and LeMaire, 1980).

In view of these varying effects of LHRH, the present experi-
ments were designed to study the effects of LHRH on the

testis of immature rat using ODC as a parameter.
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MATERI ALS AND METHODS :

|mmature nmale rats, derived fromWstar strain, aged
21-22 days were used in this study. LHRH was injected
intratesticularly in a total volune of 5-loul. At an appro-
priate time the rats were killed by spinal dislocation and
the decapsul ated testes were honogenized in 4 vol unes of
hormogeni zing buffer (Chapter 1) and centrifuged at
25,000 x g for 3 mn and the supernatant was used for the
assay of ODC activity. Following treatnment with LHRH Leydig
cells and semniferous tubules were separated by collagenase
treatment and the ODC activity of the isolated cells was
estimated as described in Chapter I1. Protein content of
the supernatant was determ ned according to the method of
Lowy et al (1951).

RESUL TSs

Fig. 1 shows the effect of intratesticular injection
with 1pg of LHRH on AOC activity a various time intervals.
As early as 1lh after treatment, LHRH caused significant
stimulation of AXC activity. Madnum stimulation was observed
at 2h after treatment and declined at 4h and 6h.

The effect of various doses of LHRH on A3C activity
at 2h after treatment is fow in Fig. 2. A mnmum of

O.lpg of LHRH was necessary to cause stimulation of AXC
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and maxima stimulation was observed with 1pg of the

hormone. To assess the possibility that this effect of

LHRH on OX is due to direct action on the testis or is due
to the effect of LHRH on pituitary the animals were injected
intraperitoneally with 1.0 or 10.0pg of LHRH in 0.1ml of
saline. At 2h after the treatment the animals were killed ad
the testicular (OC activity was estimated. Table 1 shows
that both of these groups showed no effect on AOC activity

of the testis.

Table Il shows the combined effect of LHRH and PGF2a,
LH, or cAAMP. Maximd effective dose of LHRH in combination
with PGan, LH or AMP caused additional stimulation of A2C

activity over LHRH injected animals.

The effect of LHRH on isolated Leydig cells axd
seminiferous tubule fractions is given in Table IlIl, Injec-
tion of LHRH at a dose of lpg/testis resulted in significant
stimulation of AOC activity in Leydig cell fraction while

there was no effect on seminiferous tubules.

The phenomenon of LHRH desensitization in the testis
is o in Fig, 3. LHYH a a dose of lpg/testis caused
partial refractoriness at 24h to renewed exposure to the
sare hormone., LHH a a dose of 1opg/testis caused further

desensitization as a second injection of LHRH elicited
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dimished response. The effect of LH, FSH, PpGF, , CAVP and
norepinephrine on LHRH desensitized testis is shown in Fig. 3,
De sensitization with 10pg of LHRH did not cause the testis
refractory to any of these conpounds at 24h after first

I njection of LHRH.

DI SCUSSI ON;.

These experiments show that LHRH causes stinulation of
ODC activity in the testis of rat. Though intact non-hypophy-
sectomised animals were used in this study the action of LHRH
on the testis appears to be direct and is not nediated
through the pituitary due to the follow ng observations
) Intraperitoneal injection of 1Oug of LHRH did not cause
stinulation of ODC activity while intratesticular injection
of a much snaller dose of lpg caused maxi mal response in the
testis 2) LHRH is known to cause release of both LH and FSH
fromthe pituitary (Schally, 19783 Guillemin, 1978). However,
intratesticular injection of LHRH caused stinulation of
ODC activity only in the Leydig cells and there was no
response in the semniferous tubules. This indicates that
LHRH injection has probably not caused the rel ease of
pituitary gonadotropic hornones. 3) Reddy and villee(1975a)
have shown that optimal stinulation of ODC activity occurs at
4h in résponse to intratesticular injection of gonadotropic
hormones while in this study it was observed that LHRH
causes optimal effect at 2hs 4) The results presented in
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chapter VI chow that LH and F3H induced ADC activity is
inhibited by prior treatment with phenoxybenzamine while
similar inhibition was not observed in LHRH injected animals.
5) Reeves et al (1980) have down specific binding sites for
LHRH in the testis of rat.

The stimulatory action of LHRH observed in this study
differs from that of various other investigators wio showed
inhibitory effects of LHRH on various modd systems (Rippel
and Johnson, 1976} Hsueh and Erickson, 1979a,by Arimura et al,
19793 Hsueh and Ling, 19793 Haueh et al, 19803 Massicotte
et al, 1980; Sundaram et al, 1981). On the contrary, these
results support the stimulatory effects of LHRH  Recently
LHRH agonists were found to increase morphological oocyte
maturation (Hsueh et al, 19803 Hillensjo and LeMaire, 1980)
and cause stimulation of prostaglandin accumulation (Clark
et al, 1980). Similarly accumulation of progesterone in

granulosa cell cultures was also observed in response to

LHH (Clark and Marsh, 1980; Clark, 1982).

The stimulatory effect of LHRH on testicular ADC activity
was confined to Leydig cells. This could be due to the
presence of LHRH receptors only on the Leydig cells. Reeves
et a1l (1980) showed specific binding sites for radiciedinated
LHRH on the Leydig cells and they could not observe any
binding of LHRH in the seminiferous tubules. Gore-Langton
et al (1981) also observed that LHRH had no effect on the
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Sertoli cells of rat. The observations nmade in this study
and by others support the view that the direct agtien Of
LHRH on testis is confined to Leydig cells alone.

Addi tional stimulation of ODC observed in this study
in response to the injection of LHRH and cAWP or PGF,, coul d
be due to the stimulation of semniferous tubules by cAW
and PGF,, . However, LHRH in conbination with LH also caused
additional stinulation. Since both of these hornones were
shown to act on the Leydig cells alone these results are
intriguing. It is possible that LHRH and LH act on indepen-
dent receptors on the Leydig cells and cause additional stimu-

lation through two different mechanisms.

It was interesting to note that prior injection with
LHRH caused the testis refractory at 24h as second injection
of stimulatory dose of LHRH did not cause an increase in
ODC activity. It was also found that the phenonenon of
desensitization with LHRH was dose dependent as hi gher anount
of LHRH caused nore profound desensitization. However,
desensitization to LHRH was specific to LHRH al one as ot her
ODC stinulating agents like LH, FSH, PGF,,, norepinephrine
and cAWP stinulated the ODC activity in the LHRH desensitized
testis. This type of desensitization is known as honol ogous
desensitization and is widely reported in the literature
for various hormones (Catt et al, 1979a).

The mechani smof action of LHRH in causing stinulation of
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ODC is not clear. LHRH was shown to increase CAMWP |evels
inpituitary invitro (Borgeat et al, 1972). However, the

I nvol vement of cAWP in the nediation of LHRH action in the
pituitary has been disproved (Naor et al, 19783 Conn et al,
1979% Sen and Menon, 1979). On the contrary LHRH and its
agoni sts were shown to inhibit FSH induced cAVMP accumnul ation
in granulosa cells (Massicotteet al, 1980 Knecht, 198l1).
Recently Knecht and Catt (1981) showed that the agonists of
LHRH cause inhibition of adenyl cyclase and stinulate phospho-
diesterase activity in granulosa cells. This indicates that
the inhibitory effects of LHRH are due to the conbined effect
of decreased production and increased degradation of CAMP.
VWiile the inhibitory effect of LHRH appears to be due to the
decrease in the levels of cAWP the stimulatory effects of
LHRH are associated with increased |evels of prostaglandins.
Cark et QL (1980) and Cark (1982) showed that LHRH and its
agoni sts cause accumul ation of prostaglandins in the cultures
of rat granulosa cells in vitro. This may adduce probable

i nvol vement of prostaglandins in LHRH action in inducing ODC
activity as it was shown earlier that prostaglandins cause
stimulation of ODC activity in the testis of rat (Chapter IV).
However, the experinments reported in the follow ng chapter
(Chapter VI ) rule out this possibility since preinjection

of aspjrin, a prostaglandin synthetase inhibitor, did not
cause inhibition of LHRH induced ODC activity. In view of
these results it appears that the nechanism of action of

LHRH is conplicated.



JABLE |

EFFECT OF INTRAPERTONEAL INJECTION OF LHRH ON CDC
ACTIVITY_OF TESTIS

1 or 10ug of LHRH was injected intraperitoneally in
21-22 day old rats in a total volume of 0.lml. At
2h after” the injection the animals were killed and
CDC_activity was measured. Results are mean + S.E.M.
of 3-5 determinations from 6-10 animals per droup.

Treatment OC activity
(pmoles/h/mg protein)

1. Saline 637 + 115
2. LHRH (1lpg) 677 + 91

3. LHRH (1Opg) 713 + 46

I+

90
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JABLE 1l

EEECT OF LHRH IN COMBINATION WITH OAMP PGE, OR LH ON
OX_ACTIVITY_IN_THE _TESTIS

All compounds were injected in 5-10pl1 of saline and at 2h
CDC activity was estimated. The results are mean = S.E.M.
of 3-5 determinations from 6-10 animals in each group.

ODC activity

Treatment (pmoleg/h/mg/protein) Comments
1. Saline 609 + 20
2. LHRH (1.0ng) 1260 + 85 p<0.01 vs group 1
3. LHRH (1.0pg)+cAMP (20ug) 1714 + 46 p<0.01 vs group 2
4. LHRH (1.0pg)+LH (40unq) 1675 + 66 p<0.02 vs group 2

5. LHRH (1.0pg)+PGF,, (10.0ug) 2427 + 106  p<0.001 vs group 2
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ABLE 111

EFFECT OF LHRH ON ODC ACTIVITY IN THE LEYDIG CELLS

AND SEM NI FEROUS TUBULES

At 2h after the injection of lug of LHRH the animals were
killed and the semniferous tuB

_ ules and Leydig cells were
separated as described and the OX activity was estimated

in the separated fractions. The results are Mean + S.E.M.
of 3-4 determnations from 15-20 animals per groupT

Treatment QX _activity (pmoles/h/mg protein)
Leydig cells Seminiferous
tubules
Control 203 + 9 550 + 3R
LHRH (1lpg) 435 + 37 628 + D

*p<0.01 compared to control.



Fig. 1 Effect of intratesticular injection with LHRH on
QXC activity a various time intervals. The arow
dows saline treated control value a 2h. LWHH wes
injected at a dose of lpg/testis. Each point repre-
sent meen + 3.EM. of 3-5 determinations from 6-10

animals.
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Fig. 2 Effect of various doses of LHRH on ODC activity of
immature rat testis. LHRH was injected intratesti-
cularly and the enzynme activity was determ ned at
2h as described in materials and nethods section.
Each point is a mean + S.E.v. of 3-5 determnations

from 6-10 ani nal s.
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Fig. 3 Effect of LH, FSH, PGF g ¢ norepinephrine and AMP
on LHRH desensitized testis. At 24h after the
injection of 1 or 10Oug of LHRH, lpg of LHRH was
injected and A3C levels monitered after an interval
of 2h. Prior treatment with lug or 10pg of LHRH
caused significant reduction in GOX levels (a -
p<0.02| b - p<0.01) when compared to the animals
treated with saline followed by LHRH (lug) at 24h.
LH (40ug), FAH (40pg), PGF,, (10ug), NE (lug) or
AMP (20ug) were injected in animals injected with
1lopg of LHRH 24h previously. In all these groups
the levels of AOC wee statistically similar when
compared with respective controls treated with LH,
FSH, PGFy,» NE or cAMP alone. Allgnimals were
killed at 2h after the 2nd injection. S - Represents
injection of 1Oul of saline. Results are memn +_
S.E.M. Of 3=5 determinations from 6-10 animals.
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CHAPTER VI

DESENSITIZATION OF RAT TESTICULAR ORNITHINE
DECARBOXYLASE TO LUTEINIZING HORMONE AND
FOLLICLE STIMULATING HORMONE
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DESENSITIZATION OF RAT TESTI CULAR ORNITHINE DECARBOXYLASE
TO LUTEINIZING HORMONE AND FOLLICLE STI MULATING HORMONE

INTRO DU CTION:

Several tissues have been shown to undergo a decrease
in hornonal responsiveness follow ng continued exposure to
honol ogous hornmone (Catt et al, 1979a3 Tell et al, 1978).
Prol onged exposure of Leydig cells to LH in vitro (Tsuruhara
et al, 1977) induced refractoriness to a subsequent challenge
with fresh hormone in terms of cAWP formation, steroid
production and the number of LH hCG receptors. In the
intact ovaries or isolated follicles, prolonged exposure
to LH or PGE 4in vitro induced refractoriness to subsequent
chal l enge with fresh hornone and this desensitization was
shown 10 De homospecific and dose and tine dependent (Zor
et al, 1976] Lamprecht et _al, 1977; Lamprecht et al, 1979;
Selstam €l al, 19763 Ahren et al, 1980). FSHwas also
shown to exhibit a simlar effect (zor gt al, 19763 Selstam
et al, 1976y Ahren et a1, 1980). Exposure of Sertoli cells
to FSH gn Vitro causes refractoriness. During this period
addition of fresh FSH does not stinulate cAWP (Verhoeven
et al, 1980). FSH is alsoknown to cause partial  desensiti-
zation of the FSH responsive adenyl cyclase in adult rat
testié. The process is associated with a conparabl e decrease
in specific FSH binding (Jahnsen etal, 1980).
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In this chapter wak on the effect of LH ad F31 on
desensitization of testicular ornithine decarboxylase axd
the effect of heterologous homones on LH desensitized
testis is presented. In addition, data on possible role
of prostaglandins and catecholamines in gonadotropin

stimulated ornithine decarboxylase is given.

MATERIALS AND METHODS:

The source of chemicals and animals is described in
Chapter 11. Some studies involving FH were performed using
ovine follicle stimulating hormone (NIH=FSH=-S=12) while
FH desensitization work was done using highly purified
ovine FH (100 x NIH - FH - s1) obtained from Dr. M.R.
Sairam (SFSH). NIH-LH=520 was used for all studies involv-
ing LH effect. Indomethacin and phenoxybenzamine were
dissolved in saline:ethanol mixture (9:1) and injected
intratesticularly in a volume of %=l0pl. Aspirin (200mg/kg)
was given intraperitoneally in a volume of 0.1ml in
propyleneglycol. All inhibitors were given 15 minutes
before the injection of the hormones. Control animals
received corresponding amount of the vehicle. At an appro-
priate time rats were killed by spinal dislocation. The
decapsulated testes were homogenized in 4 volumes of homo-
genizing buffer and centrifuged at 25,000 x g for 30 min.
The methods for the determination of protein content, [3*H]-

leucine incorporation and ornithine decarboxylase activity
are described in Chapter 11.
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RESULTS ¢

Table 1 shows stinulation of ODC in the testis in
response to sFSH. Dose as |ow as 0.05ug caused significant
stinulation of ODC at 4h. Maxinmum effect was observed

at a dose of 0.5ug per testis.

The effect of 0.2%:g and C0.5ug of 994 on desensitiza-
tion of testicular AXC is given in table 2, The results
dow that both doses of 991 caused desensitization of
the testis a 24h. However, desensitization of AXC activity-
was not observed with 40pg Of NIH=S-12-FSH. This indicates
that highly potent F9H is necessary to cause desensitization

of the testis.

Fig. 1 sows the effect of 40pg of LH(NIH=5.20) on
desensitization of AOC activity a 24h. The results dow
that first injection of LH caused desensitization of the
testis as second injection of stimulatory dose of 40ug
of LH for 4h caused significantly less stimulation of Q3XC
activity when compaed to LH aone treated animals. It
wes also interesting to note that injection of PGE, or
LHRH to LH desensitized testis also dowed less stimula-
tion when compared to PGE, orLHRH alone treated animals,
Howev_er, in the LH desensitized testis AVIP and norepine-
phrine caused stimulation of AC and the values were
comparable to the animals treated with AMP axd norepine-
phrine alone respectively. The data presented in Fig. 2
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supperts the view that LH causes desensitization of Leydig
cells only. Injection of LH to LH desensitized testis
caused significantly less A3C activity in the Leydig cell
fraction while the levels of AXC in the seminiferous tubule

fraction wee unaltered.

The effect of indomethacin, a potent inhibitor of
prostaglandin synthetase, on LH, F8H or AAMP stimulated
X activity is given in table 3. Prior injection of
indomethacin caused drastic inhibition of OX activity in
FH, LH or AAMP treated groups. To assess the possibility
that indomethacin was acting at the level of general
protein synthesis an experiment was conducted using He
leucine incorporation into testicular proteins. It was
observed that F3H induced leucine incorporation was drasti-
cally inhibited by 30 and 60pg of indomethacin (table 4).
The effect of aspirin, another potent inhibitor of prosta-
glandin synthetase a a dose of 200mg/kg body weight was
also investigated. This drug did not cause inhibition of
QXC activity in FSH, LH, LHRH o AAMP treated groups
(table 5).

The action of phenoxybenzamine, an a-adrenergic
receptor blocking agent on LH, FSH, PGF,, and LHRH stimu-
lated AXC activity is doomm in Fig. 3. Phenoxybenzamine
a a dose of lopg/testis caused inhibition of LH ad F3H
stimulated OX activity. However, it did not inhibit
PGF,, and LHRH stimulated OX activity.



100

DISCUSSION:

The present experinents denmonstrated that both FSH and
LH cause desensitization of testis and that ODC is a good
parameter to study this phenomenon. Testicular desensitiza-
tion to gonadotropi c hormones was observed earlier using
CAWP and testosterone as ' . - parameters (Tsuruhara et al,
1977| Hsueh et al, 19774 Sharpe, 19763 Haour and Saez, 1977%
Chen and Payne, 1977)-e

In this study it was observed that LH desensitized
testis responds to cAWP and norepi nephrine and causes stimul a-
tion of ODC conparable to the levels seen with cAW or
nor epi nephrine alone treated aninmals. It is possible
that injection of cAWP to LH desensitized testis causes
stimulation of ODC activity in both Leydig cells and
semniferous tubules as LH desensitization mght have not
di sturbed the post cCAMP pathway leading to the stinulation
of ODC. Simlarly it is possible that the pathway | eading
to the stinulation of ODC by norepinephrine is also not
disturbed followng LH deserisitization in both Leydig
cells and semniferous tubules of the testis.

On the contrary it was found that injection of PGE,
or LHRH to LH desensitized testis caused less stinulation
of ODC activity when conpared to PGE, or LHRH alone treated
animals. In the previous chapters it was shown that LHRH
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causes stinulation of ODC activity in Leydig cells alone
whil e PGE, causes stimulation of the enzyne in both Leydig
cells and semniferous tubules. Significantly less stinula-
tion of ODC activity by PGE, in LH desensitized testis could
be due to the non-stimulation of Leydig cells by PGE, in
the LH desensitized testis. This also indicates that LH
desensitization of testis disturbs the stinulatory activity
of PGE, in the Leydig cells. Since LHRH acts on Leydig
cells alone, significantly |less stinulation of OX observed
by LHRH in the LH desensitized testis when conpared to

LHRH al one injected aninmals indicates that LH desensitlza-
tion disturbs LHRH action on these cells. These results
show that the mechanism of action of PGE,, LH and LHRH in
causing stimulation of ODC activity are probably similar.
The mechani sm of gonadotropi ¢ hormone desensitization has
been adduced to be due to the decrease in the number of
menbrane receptors (Hsueh et al, 19763 Sharpe, 19763

Haour and Saez, 19773 Chen and Payne, 1977} Purvis et al,
1977), or nmodification of the coupling system between

the receptor and the adenylate cyclase (Saez et al, 1978a)
or blockage of enzymes beyond cAWP formation (Haour and
Saez, 1978| Tsuruhara et al, 1977| Saez et al, 1978b) .
Desensitization of ODC activity observed in this study
could be due to any one or nore of these three mechani sns.

The intermediary role of prostaglandins in the action
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of LH or F9H is not ¢lear. Treatment of indomethacin, a
prostaglandin synthetase inhibitor, to LH or F91 injected
animals caused inhibition of A3C activity. However,
similar inhibition of AXC activity by indemethacin was
observed in AAMP treated animals. Indoraethacin appears

to cause toxic effect on the testis since it inhibited
incorporation of 3H-leucine into total proteins, in addition
to causing inhibition of AXC activity. Osterman et al,
(1979) have also found that indomethacin caused inhibition
of AXC activity axd protein synthesis in the granulesa
cells of ovary in vitro. Another prostaglandin synthetase
inhibitor, aspirin was also tried to test the role of
prostaglandins in LH or F9H action. Aspirin a a dose

of 200mg/kg body weight did not inhibit LH, FSH, AVP ad
LHH stimulated AOC activity. These results indicate

that QOC stimulation by the above compounds is probably
not mediated by prostaglandins.

The possible involvement of catecholamines as
mediators of LH or F91 action was investigated by using
phenoxybenzamine, an a-adrenergic receptor blocker. Pre-
injection Of phenoxybenzamine caused inhibition of both LH
and F3H stimulated AXC activity while it had no effect on
LHH and PGF,  induced AXC activity. This implicates
catecholamines in the mediation of F34 and LH action in

the testis. Indirect evidence for the involvement of
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catecholamines in the process of ovulation has been reported
for a nunber of species (Centinho and Maiz, 1971, Virutamasen
etal, 19733 O'shea and Phillips, 1974y Rocereto ef al, 1969).
More recently Moudgal and Razdan (1980) have shown that

I ncubation of hen ovarian follicles with LH in the presence

of phenoxybonzamine caused inhibition of LH induced ovulation.
They suggested that probably LH interacts with epinephrine

or norepinephrine at the target site to induce ovulation

and inhibition of this interaction of LHwth catecholamines
py phenoxybenzarai ne causes inhibition of evulation. The
inhibitory effect of phenoxybenzamine on LH and FSH i nduced
ODC activity in the testis is probably simlar to the
inhibition of ovulation in donestic hen. These results

show that prostaglandins, LHRH and catecholamines, in

addition to genadotropic hornones play an important role

in the regulation of testis function.
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JABLE |

EFFECT OF VAROUS DOSES OF £SH ON ORNITHINE DECARBOXYLASE
LY IMMA RAT_TESTIS

Various doses of $¥SH were injected intratesticularly in
5-10pl of saline. The enzyme activity was determined at
4h as described in Materials and Methods. The values re~
pr(_asenlt mean + S.E.M. of 3-5 determinations from 6-10
animals.

Group Dose of FSH aoC activity
(ng/testis) (pmoles/h/mg protein )

l. Saline 609 + 9

2. 0.05 1069 + 99

3 0.2 1367 + 64

4, 0.5 1770 £ 91

S, 1.0 1599 + 81

All treated values are significan%la/ (p<0.001) different
from controls. sFSH-Sairam FSH (100 X NIH=-FSH=S51) .
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TABLE I

EFFECT OF FSH ON DESENSITIZATION OF TESTICULAR ORNITHINE
DECARBOXYLASE ACTIVITY

In the first injection 0.25.g or 0.5.g of FSH or 40pg of
NIH~FSH or saline were given intratesticularly. At 24h
thereafter 0.5upg of SH or 40ug of NIH-FSH or saline were
given intratesticularly for 4h. Results are mean + S.E.M.
of 3=-5 determinations from 6-~10 animals.

Treatment OX _activity _

1st injection 2nd injection (pmoles/h/mg protein)
1. SFSH (0.5ug) Saline 637+ 115
2* Saline SFSH (0.5u9) 1770+ 91
3. «FSH (0.2%u9) SFSH (0.5u9) 1043 + 19 ®
4.  FH (0.%p0) FSH (0.5ug) 1054 + 74°
3. Saline FSH (NIH) (40ug) 1666 + 60
6. FH (NIH) FSH (NIH) (40ug) 1636 + 48

(40pg)

—

&=p<0.001 compared to group 2.
sFSH=-Sairam FH (100 x NIH=-FSH=-S1)
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TABLE |1

EEEECT OF INDOMETHACIN ON FSH, LH AND CcAMP STIMULATED
ODC ACTIVITY

Homones and AAMP were injected intratesticularly in 10pl
of saline. Indomethacin wes injected in 5.1 of ethanol.
Animds in groups 1-7 were killed at 4h and in groups

8 and 9 were killed at 2h after the injection. Results
are meen + S.E.M. of 3«5 determinations from 6-10 animals
per group.

Tr eat ment ODC activity | nhi bi -
(pmoles/h/mg protein) tion
(percent)
1. Control 507 + 14
2. IM (60pg) 538+ 5
3. FSH (40un9) 1456 + 182
4. FSH (40pg)+ IM (30pg) 1214 4+ 180 28
5. FSH (40pg)+ I M (60ug) 549.+ 70
6. LH (40u9) 1224 + 134 100
7. LH (40pg) + IM (60ug) 609.+ 88
8. CAW (40ug) 879 + 17 98
9. CcAW (40ug) + IM (60ug) 537 + 93
100

Inhibition of 28« observed in group 4 is not statistically
significant when compared to group 3 (py0.4).
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JARLE IV,

EEFECT OF INDOMETHACIN ON H-LEUCINE INCORPORATION INTO
PROTEINS OF TESTIS TREATHD WITH FH

Incorporation of 3-leucine into TCA precipitable prgtelns
was determined at 4h after the injection of FH and “H=
leucine (5uCi/testis). The numbé& of animals used in each
group is given in parentheses. The values are mean + S.E.M.

Treatment 3L eucine incorporated
(com X 102/mg protein)

1. Saline (6) 669 + 89
2. IM (60pg) (4) 548 + 76
3. FH (40pg) (4) 1152 + 67
4, FH (40pg) + IM (30ug) (4) 465 = 22
5. FH (40pg) + IM (60ug) (4) 396+30
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JABLEYV

EFEECT OF ASPIRIN ON FSH. LH. cAMP AND LHRH STIMULATED
obc_ACTIVITY

Hormones and AAMP were injected intratesticularly in 10pl
of saline. Aspirin at a dose of 200mg/kg body wt was
injected intraperitoneally in 100ul Of propane-diol fifteen
minutes before the injection of the hormones. Animals were
Killed at 2h after the injection of hormones and CAMP.
Results are mean + S.E.M. of 3-5 determinations from 6-10
animals per group.

Tr eat nent ODCactivity
(pmoles/h/mg pr ot ei n)

1. Control 709 + 64
2. Aspirin 835+ 42
3. FSH (40ug) 1214 + 113
4. FSH (40ug) + Aspirin 1125 + 40
5. LH (40pg) 1224 +134
6. LH (40pg) + Aspirin 1127+ 71
7. LHAH (lug) 1260 + 85
8. LHRH (lpg) + Aspirin 1547 + 160
9. CAW (20pg) 1312 + 58
10. CcAWP (20ug) + Aspirin 1382 + 52

None of the aspirin treated groups were statistically
different from the hormone or AMP treated groups.



Fig. 1 Effect of LH on desensitization of testicular ODC
LH (40ug/testis) was injected intratesticularly
and 24h after this injection a second injection of
LH (40pg/testis) was given and the aninmals were
Killed 4h later for the estination of ODC activity.
Prior treatnment with LH caused reduction in ODC
activity when conpared with the aninmals treated
with LH alone ( a - p<0.001).PGE, (lOpg/testis),
CAWP 20pg/testis), norepinephrine (lug/testis) and
LHRH (lug/testis) were treated to the aninals which
were exposed to LH (40pg/testis) 24h previously.
These animals were killed 2h after the second
injection for the estimation of ODC activity.
S- Indicates injection of 10pg of saline. b and c -
Significantly different fromtheir correspondi ng
controls (p<0.01). Results are nean + S.E.M. Of

3-5 determnations from 6-10 animals per group.
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Fig. 2 Effect of LH on desensitization response in Leydig
cell and seminiferous tubule fractions. The animals
were injected intratesticularly with 40pg of LH/testis.
24h later a second injection of LH (40ug/testis) was
given and the animals were killed 4h later for the
assay of 0pC in Leydig cells anrd seminiferous tubules
as described in materials and methods. a - Significantly
different from LH alone injected Leydig cell fraction
(p<0.001). Results are meen £ SEM. of 3-5 determina-
tions from 18-20 animals per group. S - Represents

injection of 10pl of saline.
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Fig. 3 Effect of phenoxybenzamine on LH, FH, PGFZa and
LHRH stimulated ODC activity. Phenoxybenzamine
(lopg/testis) was injected intratesticularly 15 min
before the injection of the above compounds in
5-10pl oOf saline~ethanol (9:1, v/v) mixture. LH
(40pg/testis) or LHRH (1.0pg/testis) were also
injected intratesticularly and the animals killed
2h later for the estimation of ODC  Results are
meen + S.E.M. Of 3-5 determinations consisting of
6-10 animals per group. a axd b - Significantly
different when compared with corresponding controls
(p<0.001). S - Represents saline (lopl) treated

controls.
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CHAPTER VI

EFFECT OF a=~DIFLUOROMETHYLORNITHINE
ON THE TESTIS.
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-DIFE LUOROM ETHYLO RN ITHIN E ON THE TESTIS

INTRODUC TION:

Ornithine decarboxylase catalyses the first and rate
limiting step in the biosynthesis of the polyamines putres-
cine, spermidine and spermine in anima tissue (Pegg et al.
1970* Russell, 1973). Since peolyamines have been implicated
in the regulation of cell growth (Russell, 1973| mamont et al*
1976), attempts have been mede to inhibit obDC in order to
clarify its role. The current interest in elucidating the
intracellular roles of the polyamines had led to the synthesis
and investigation of a numbea of inhibitors of ODC. Metcalf
et al., (1978) dowed that DL-a=difluoromethylornithine first
synthesized by Bey ad Vevert (1978), is an enzyme-activated
irreversible inhibitor of mammdian SDC. In rat OAVO
reduced AOC activity in a dose-dependent and time dependent
manner in ventral prostate, testis and thymus (Danzin et al,
1979a). Administration of CAVO to mice and rats during
early gestation suppressed the levels of C and arrested
embryonic development (Fozard et al, 1980a3y Reddy and Rukmini,
1981). Recent studies have indicated that the rise in A3C
activity mey be related to subsequent DNA synthesis axd
cell proliferation in various tissues in vive (Inoue gt al,
1975 3 Ka to et al, 1976y Takigawa et al, 19773 Poso and Janne,
1976), and in cultured cell systems in vitro. (Relyea ad
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Rando, 1975 Mamont et al, 1976)., iMamont et al (1978)
reported that DAVIO treatment results in inhibition of proli-
feration of rat hepatoma, L1210 murine leukemia, and human

prostatic adenoma .in vitro*

Studies reported in this chapter were undertaken with
an am to see if DAMO causes inhibition of testis function

through inhibition of ODC levels.

MATERIALS AND METHODS:

The source of the chemicals and animals are given in
Chapter Il. In the first set of experiments immature male
rats (2%5-30g) aged 21-22 days were used. DAV (400mg/kg)
in 0.2ml of saline was injected intraperitoneally 15 minutes
before the injection of PGEy. PGE, (}Opg/testis) was given
intratesticularly using an Unimatrix Syringe. Saline treated
rats served as controls. All animals were killed by cervical
dislocation and opc activity of the testes was measured at

required time interval as described in Chapter I1.

In a second set of experiments 20 male rats aged 15 days
were divided into two batches. Batch | consisting of 10
males were treated with DAMO (%mg/rat) intraperitoneally
in a volume oOf 0.1ml of saline twice daily for 10 days.

Batch iI served as control and received two daily injections
of saline. Batch | animals were given an injection of CAVO
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(1omg/rat) 2h before sacrifice on day 25 of age and simulta-
neously %uCi of 3H-thymidine or H-leucine wes given intxa-
testicularly. Control animals also received the precursor
similarly 2h before killing. Testes were removed, Weighed
and used for the extraction and estimation of DNA, RNA and
protein and for the incorporation of radioactive precursors
as mentioned in Chapter II.

A similar experiment was performed using 35 day old
animals. The dose of DFMO for these animals was maintained
at 200mg/kg body wt.

RESULTS:

Fig. 1 shows the effect of a single dose of DFMO
(4c0omg/kg body wei ght) on PGE, stinulated ODC activity at
various tine intervals. At 4h after the injection of DFMO
there was a significant fall in PGE, stinulated ODC
activity. Maximum inhibition of PGE, stimulated OX
occurred at 12h after DFMO treatment. Thereafter, even
at 48h, the enzyme activity did not recover to its nornal

value.

Fig. 2 shows that the inhibition of ODC follow ng
treatment with DFMO was dose-dependent. A dose as |ow as
20mg/kg body wei ght caused a significant inhibition of
PGE, stinulated ODC activity.
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Daily intraperitoneal treatment with DFMO from day
15 after birth until day 25 had no influence on net body
weight and the weight of the testis (table 1). DO
did not have any effect on the incorporation of [3H]-
thymidine into DNA and that of [JH]-leucine into proteins
in the above treated animals. Further, there was no
significant difference between control and treated animals

with respect to DNA, RNA and protein content (table 1).

Similarly when DFMO (200mg/kg body weight) wes given
intraperitoneally in rats from day 35 after birth until
day 45 no effect was observed on the testicular weight,
RNA, DNA, protein and on the incorporation of t© two

precursors (table 2).
DISCUSSIONS

The wok presented in this chapter shows that DAVIQ
an erzyme activated irreversible inhibitor of 0DC,
inhibits PGE, stimulated AXC in wive. The inhibition by
CAVO is both dose and time dependent. Earlier work by
Danzin et al (1979) dhowed that DFu0 inhibits AXC activity
in testis. However, in their experiments AC activity

increased slowly at 24h after the injection of DAVIQ

Fozard €t al (1980b) observed that in mice treatment
with OO during days 5-8 of pregnancy caused depletion of
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putrescine and spermidine |evels in the enbryonic regions

of the uterus. This depletion of polyamnies was paralleled
by the depletion of RNA, DNA and protein content in the
enbryonic regions. Simlar results on the reduced | evels

of ODC were al so observed by Reddy and Rukmini (1981) and
these authors have suggested that since enbryonic resorption
occurs due to depletion of pelyamine |evels, DFMO may act

as a postcoitally effective antifertility agent. In the
present study testicular nucleic acid levels and protein
content were not altered followng treatnent wth DFMO

This indicates that the depletion of OX levels may not
cause drastic effects on the testis of rat.
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Fig. 1 HEfect of DFMD on PGE, stimulated OX activity.
DFMO (400mg/kg body wt) was injected intraperi -
toneally at 4, 12, 24 or 48h before intratesti-
cular injection of 1lOpg of PGE,« Aninals were
killed at 2h after PGE, injection for the assay
of ODC activity. Results are nmean £ S.E.M. of
3-5 determnations from6-10 ani mal s per group.
Arrow represents CDC val ue of DFMD (400ng/ kg
body wt) treated aninals at 2h.
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Fig. 2 Efect of different doses of DFMD on PGE, stimul ated
ODC activity. Rats were injected intraperitoneally
with different doses of DFMJ, 15 mn before the
intratesticular injection of PGE, (10pg/testis).
Following this the aninmals were killed at 2h for the
assay of ODC activity in the testis. Results are
mean + S.E.M. of 3-5 determnations from®6-10 ani nal s
per group. Arrow represents DFMD (400ng/ kg) al one
treated group at 2h.
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GENERAL DISCUSSION
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CENERAL._ DICUSIION

The endocrine and reproductive functions of the gonads
are maintained and regulated by the actions of follicle-
stimulating hormone and lutenizing hormone. In higher
vertebrates, FH and LH exert characteristic effects upon
specific target cells in the testis and ovary. The actions
of LH are predominantly directed for steroidogenesis and
ovulation, while FSH acts upon germ cells causing their
development and maturation. It is nov well recognized
that many, if not all, of the effects of gonadotropic
hormones are mediated by cAMP. LH and F3H have been shown
to increase AMP levels in the Graafian follicles (Tsafriri
et al, 1972a), granulosa cells (Keolena and Channing, . 1972)
and corpora lutea (Marsh et al, 1966) of the ovary and in
the Leydig cells and Sertoli cells (Means et al, 1974
Dorrington et al, 1974b) of the testis.

Besides gonadotropic hormones, prostaglandins and
catecholamines also appear to be involved in ovarian func-
tion. Exogenous prostaglandins mimic most of the biological
and biochemical responses of LH in ovary in vivo and
in vitro (Speroff and Ramwell, 19703 Marsh, 19713 Osterman
and Hammond, 1978). The present study shows that prosta-
glan”dins and catecholamines play an important role in the
modulation of CC in the testis. Kuehl et al (1970b)
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advanced the hypothesis that RE is interposed between LH
and AMP in the regulation of steroidegenesis and thereby
functions as a second messenger instead of cAMP. However,
various other experimental data argue against this theeory.
The stimulatory action of LH on AMP is a rapid one (few
minutes), while the effect of LH on R&E production was
observed only after 2-5h (LeMare et al, 1973| Mash egal,
19743 Bauminger and Lindner, 1975). The precise position
of F&E in the regulation of steroidogenesis still remains
to be established. In the present study prostaglandins were
found to cause stimulation of AMP and OX activity in the
testis. Stimulation of AMP wes observed a 30 rain after
the injection of the prostaglandins while AQ3C levels were
found to increase at a muh later time of 2h. In addition
to this, MIX a phosphodiesterase inhibitor, caused an
additive effect with PGE,. These observations indicate
that the action of prostaglandins mey be mediated by AMP

in the testis of rat,

Catecholamines also appear to play an important role
in ovarian function. Both rat and rabbit corpus luteum
have been found to contain a gonadotropin responsive adenyl
cyclase syssem that is also responsive to f~adrenexrgic
catecholarnines (Birnbaumer et al, 1976). They have observed
that 'stimulatory effects of LH and catecholamine were not
additivef hence they concluded that the same adenyl
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cyclase system is responsive to both of these agents. In
our study stimulation of (OC by catecholamines appears to
be mediated through a mechaniam involving e-adrenergic
receptors. Furthermore, since a~adrenergic blocking agents
inhibit F9H and LH induced ABC activity, catecholamines
appear to be involved in the mediation of these gonadotropic

hormones in the testis#

Anot her feature of the present investigation is the
regul ation of testicular function by |uteinizing hornone
rel easing hornone. 1In the recent years it has been observed
that LHRH and its agonists act directly on the testis.
Most of the direct effects of LHRH observed in the testis
and in ovary appear to be inhibitory. However, the effect
of LHRH and its anal ogs on granulosa cell vary from inhibi-
tory to stimulatory depending upon the experinental conditions
used and parameters examned. In the present study, LHRH
was found to increase testicular ODC levels in the Leydig
cell fraction. The nmechanism of action of LHRH in causing
stimulation of ODC is paradoxical. Recently the stinulatory
effects of LHRH in granulosa cells were shown to be
associ ated with increased |evels of prostaglandins (O ark
et al, 1980; Clark, 1982). This gives rise to the possibi-
lity that LHRH stinulation of ODC activity in the testis
is probably nediated by prostaglandins. This possibility
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could not be confirmed as aspirin, a prostaglandin
synthetase inhibitor did not inhibit LHRH induced Q3C
activity. Thus the mechanian of induction of A3XC by
LHRH needs further elucidation.

Another notable feature of the present wak is the
phenomenon of desensitization of testicular ODC by
gonadotropic hormones, prostaglandins, catecholamines
and LHRH. During desensitization the initial loss of
measurable receptors appears to be due to receptor occu-
pancy by the hormones where as the secondary refractory
state is accompanied by real loss of receptors (Catt gt als
1979¢). Studies on the kinetics of desensitization
reaction indicate that dom regulation of the receptors
mey not be the only factor involved in the decrease of
hormone dependent adenyl cyclase activity (Johnson et als
1978y Saez et al, 1979| Su et al, 1979). The other
mechanisms involved mey be modification of the coupling
system between receptor and adenyl cyclase (Seez et 2Ly
1978a) or blockage of some step beyond AMP formation
(Haour and Saez, 19783 Tsuruhara et al, 19773 Seez et al.
1978b). The synthesis of an endogenous protein inhibitor
triggered by agonist mey also be necessary for the develop-
ment of the refractory state. Such an inhibitor appears
to act by interfering with the coupling of the hermone-
receptor complex to the catalytic subunit of adenyl

cyclase (Lamprecht et al, 1979). In ttiis study, both types
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of desensitization namdy homologous and heterologous,
have been observed. The mechaniam of desensitization in
this study appears to be due to inhibition of AXC a a step
before AMP formation for epinephrine and due to a post

cA'P block in the case of prostaglandins.

Polyamines are mainly associated with growing and
embryonic tissue. Recent studies have indicated that tht
rise in AOC activity mey be related to cell proliferation
in various tissues in vivo (Inoue et_al, 19755 Kato et al,
1976y Tekigawa et al, 1977| Poso and Janne, 1976). Testi»
is an actively dividing organ. This study shows that DFMO
causes reduction in the levels of AXC in the testis. However,
reduced levels of AOC do not cause any effect on the content
of DNA, RNA and protein, Fozard et al (personal communice:
tion) have also observed that DFMO a a dose of 200mgkg
given every six hours, for 5 days did not affect the
histology of the testis. Thus depletion of polyamine
levels in the testis appear to cause no effect on sperma-

togenesis in rats.



SUMMARY



126
SUMVARY

Intratesticular injection of prostaglandin Ep and Fog
caused stimulation of ornithinedecarboxylase activity
in the testis of immature rat. This effect was both

dose and tine dependent.

D butyryl cyclic AW and l=methyl, 3-isobutyl xanthine,
a phosphodi esterase inhibitor also stinulated COC
activity. Injection of PGE, in addition to MX or

CAWP caused increased stinulation of OX. Stinulation
of cCAWP levels occurred at 30 mn after the injection
of PGE, while CDC | evel s were nmaxi mal Iy i ncreased at

a much later tine of 2h. These results indicate that

CAW nay nediate the stimulatory action of PGE,.

Simultaneous injection of gonadotrepic hormones in
combination with preostaglandins resulted in additional
stimulation of A3XC activity. This hyperstimulation nmey
be due to the action of these compounds on different

types of cells in the testis.

The effect of PGE, and PGF,, on CDC |levels in the Leydig
cell and semniferous tubule fractions were al so
nonitored. These conpounds stinulate ODC|levels in both

Leydig cells and semniferous tubules.
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Exposure of the testis to PGE, or PGF,, 24h previously
rendered the testis refractory to second injection

with PGE, of PGan. Refractoriness to PGE:2 was dose
and time dependent.

PGF,, at a higher dose of 50ug/testis caysed desensitiza-

tion of testis in terms of AMP formation.

The effect of LH, FIFH and AMP in the PGE, desensitized
testis dowaed that the testis is refractory to these

heterologous agents in terms of (JC response.

PGE, desensitization appears to cause the inhibitory
effect at a step beyond AMP formation.

In addition to prostaglandins the catecholamines epine-
phrine, norepinephrine and isoproterenol also
caused stimulation of ABC activity in the testis of
immature rat. Like prostaglandins the effect of epine-
phrine was also time and dose dependent. The minima
effective dose for epinephrine was found to be 100pg

and optimal stimulation was observed with 500ng of

the drug per testis.

Simultaneous injection of epinephrine with cAMP, LH
FSH or PGE, caused additional stimulation of the enzyme
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activity. Furthermore, injection of epinephrine to
norepinephrine treated animals also caused additional
effect. This gppears to be due to the action of these
compounds on different types of cells causng hyper-
stimulation. Additional stimulation of A3XC activity
observed in this study following treatment with nore-
pinephrine to epinephrine treated animas nmey be due
to the action of these two catecholamines on two
different types of receptors in the same cell or due
to their action on entirely different populations of

the cells in the testis.

11, Both epinephrine and norepinephrine stimulate the
aryme activity in Leydig cells anrd seminiferous

tubule fractions.

12. Studies on the effect of a axd p-adrenergic receptor
antagonists on epinephrine stimulated A3XC activity
donvaed that pf-adrenergic receptor antagonists,
propranolol and practolol did not inhibit epinephrine
stimulated AXC activity while a-adrenergic receptor
antagonist, phenoxybenzamine blocked epinephrine
stimulated AXC activity. This indicates that Q3C
induction in the rat testis is mediated through a

mechaniam involving a-adrenergic receptors.
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Prior exposure of the testis to norepinephrine caused
desensitization of testis in terns of ODC activity,
The refractoriness of the testis to norepinephrine

was dese-and time dependent.

Nor epi nephrine desensitized testes were found to be
fully responsive to PGF,,, LH, FSH and cAMP. On the
other hand PGF,, desensitized testes were found to be
refractory to norepinephrine, from these results it
appears that PGF,, and norepinephrine act through
different nenbrane receptors due to their structura
dissimlarities. As a result the sequence of events
leading to desensitization with PGF,, and norepinephrine

may be different.

The effect of LHRH on ODC activity in immture rat
testis was also studied. The results show that LHRH
acts directly on testis and stinulates ODC activity.

LHRH stinulated the ODC activity in a dose and tine

dependent manner.

I njection of maximal effective dose of LHRH along with
PGF,,» LH and CAWP caused hyperstimulation of ODC

activity.

LHRH caused significant stinulation of ODC activity
in Leydig cell fraction only indicating that this

decapeptide acts only on the Leydig cells.
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19. Prol onged exposure to LHRH caused desensitization of
testis in terns of ODC activity. This phenonenon was
specific only to LHRH as all the other treated conpounds
LH, FSH, PGF;,, norepinephrine and cAW caused stiml a-
tion of GDC in LHRH desensitized testis.

20. Exposure of the testis individually to both LH or FSH
caused the testis refractory to these hormones. The
desensltization effect by LH was confined to Leydl g

cells.

21.  The testis desensitized with LH responded to CAW and
nor epi nephrine and caused stimulation of CDC activity.
It is possible that the pathway leading to the stimula-
tion of ODC by norepinephrine and cAW is not distributed
followng LH desensitization. On the other hand it was
observed that injection of PGE2 or LHRH to LH desensi -
tized testis caused significantly reduced stinulation
of ODC activity. Less stinulation of ODC activity by
PGE, in LH desensitized testis could be due to the non-
stinulation of Leydig cells by PGE, since LH causes
desensitization of Leydig cells only. LH desensitization
appears to disturb the action of LHRH on Leydig cells
as injection of LHRH to LH desensitized testis did not

cause stimulation of ODC activity.
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The possible intermediary role of prestaglandins in
the action of LH and F8H was studied by prior treatment
with prostaglandin synthetase inhibitors, indomethacin
and aspirin. Indomethacin caused inhibition of FH
induced AXC activity. However, this effect appears

to be due to the toxic effect of this compound.

Aspirin a a dose of 200mg/kg body weight did not
inhibit LH, FSH, AAMP and LHRH stimulated A3C activity,
These results indicate that AXC stimulation by these
compounds is probably not mediated by prostaglandins.

The involvement of catecholamines in the action of LH
and FH was also studied by using catecholamine
inhibitor phenoxybenzamine, an a-adrenergic receptor
blocker. It caused inhibition of both LH and FSH
stimulated AOC activity. However, it had no effect
on LHH and PGF,, induced AXC activity.

The effect of a-diflouremethyl ornithine, a specific
irreversible inhibitor of AXC activity on PGE,
stimulated AXC activity was studied in immature rat
testis. Prior injection of CAVO caused inhibition

of ODC in a dose dependent manner.
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However, treatment of DFMO did not cause reduction
in the weight of the testis and the content of DNA,
RNA and protein.

These observations show that in addition to goenado-
tropic hornmones, catechol am nes, prostaglandins and
LHRH play an inportant role in the regulation of

testis function.
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ACTIVITY IN THE TESTIS OF IMMATURE RAT
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4BS“RACT

Intrateeticular injection of prostaglandin E,(PGE,)
ad F. (PGan) caused stimulation of ormithine décarbo-
ylasé® @DO) ™ activity in the testis of immature rats.
Gh, a a dose of 10 ug per testis was maximaly effec-
tive 2 hours after the injection. Dibutyryl cyclic AVP
@AMP and 1 methyl, 3-isobutyl xanthine (MIX), a phos=-
phodiesterase inhibitor, also stimulated AXC activity.
Simultaneous injection of PGE, and F9H or LH caused
additional stimulation of (DG activity. Similarly injec-
tion of PGE, in addition to AMP or MIX also caused
increased stimulation of CDC  Indomethacin (IM, 60 ug/
testis)inhibited LH, F8H or AMP induced AC activity.
However, IM a the same dose inhibited the synthesis of
total proteins. These results suggest that PGE. and

PGF, stimulate the activity of QDC. The actiof of
prog‘i‘aglandins mey be independent of the action of
gonadotropic hormones. AAMP appears to mediate the
action of prostaglandins in the testis of rat.

INTRODUCTION

Prostaglandins are implicated in several functions
of male reproductive system. They affect the contraction
of testicular capsule (X) ad have an effect on testicu-
lar blood flow (2). Prostaglandins mimic the action of
LH in stimulating the synthesis of testosterone (?) and
cAvP (4) in dispersed rat interstitial cells. However,
prostaglandins were also shown to inhibit LH induced
testosterone synthesis in the Leydig cells of rat (4)
and G induced steroidogenesis In the decapsulated
testis of mouse in vitro (5).

Y7o whom all correspondence should be addressed.
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ProBtaglandins stimulate (OC activity in the ovary
of rat in vivo (6) and in granulosa cells in vitro (7).
They have been implicated to play an intermediary role
in the action of gonadotropins in ovary (8). In an
earlier study we have observed that gonadotropic hor-
mones and cAMP stimulate the levels of AXC in the testis
of immature rat (9). The present work shows that PGE,
and PGF mimic the action of gonadotropic hormones and
cause s?ﬁ’nulation of QX activity in the testis of
immature rats ip vivo.

MATERIALS AND METHODS

Ovine luteinizing hormone (NIH-LH-S-20§, ovine
follicle stimulating hormone (NIH-FSH-5-12) and prosta-
glandins were obtained from the National |Institutes of
Health ard the Upjohn company respectively. Dibutyryl
cAMP, indomethacin, ornithine, pyridoxal phosphate,
dithiothreitol (DTT) axd other fine chemicals were
purchased from Sgma Chenical Go, 1 methyl, 3~isobutyl=-
xanthine waa obtained fromm Aldrich Chemica Com ,
DL-(1**C) ornithine monochloride (58 mGi/m mol) was
purchased from Radio chemical Centre, Amersham and “H-L-
leucine (3.3 Ci/mmol) was purchased from Bhabha Atomic
Research Centre,Indi a. All other chemicals were of
analytical grade and were purchased locally.

Stock solutions of prostaglandins were prepared in
ethanol at a concentration of 10mg/ml. It was diluted
with 9 volumes of saline before use. Indomethacin was
dissolved in ethanol (60 pg/ 5 ul) and was used imme
diately. Stock and working solutions of hormones,cAMP
and MIX were made in saline.

Immature male rats, derived from Wistar strain,
aged 21-22 days, weighing between 25-30 g were used
throughout this study. The animals were injected intra-
testicularly using a Unimatrix syringe with a 27 gauge
needle as described earlier (9). Prostaglandins, FSH,
LH, cAMP, MIX or indomethacin were injected in a total
volume of 5-10 ul per testis. Control animals received
10 ul of saline, 5 pl of ethanol or both. At an appro-
priate time the rats wee killed by spinal dislocation.
The decapsulated testes were homogenised in 4 volumes
of TED buffer (Tris 25 M, BEDIA 0.1 nmiv, DIT 1.0mM;

PH 7.4) in an all glass homogenizer (Kontes ) and cen-
trifuged a 25,000 x g for 30 min., The supernatant weaa
used for the assay of (X activity as described by

Janne and Williams-Ashman (10). The assay was carried
out in glass tubes equipped with rubber stoppers from
which glass center wells containing 0.1 ml of Beckmen
tissue solubilizer were suspended. The incubation
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.i; 1re contained 0.5 |i moles of unlabelled ornithine,
-¢ 4, moles of DTI, 0.1 p moles of pyridoxal phosphate
,» ).2 uCi of radioactive ornithine (250,000 GAM) and
' .1 of enzyme in a final volume of 0.5 ml. The tubes
incubated at 37°C for 60 min and the reaction was
.+ ed by injecting 0.5 ml of 10 % TCA. The tubes were
.. ubated for an additional 30 min to trap all

(it rated 4009. The center wells were removed and

.1e =d in scintillation vials containing 10 ml of scin-
ti1 ation mixture (4.0 g FFO , 0.2 g PFOACP in 1 litre
.f »oluene ). The samples were counted axd the enzyme
at vity is given as pmoles of CO, liberated per mg

-rot :in per hour.Protein was estimated as per the method
of 1owry_etal(ll).

Incorporation of 3‘H-—leuciﬂe into TCGA precipitable
.roteins weas determined at 4 hours after injection of
*:.leucine ( 5 uCi per testis). The precipitated
‘rotein was washed twice with 5 7  TCA, dissolved in
5 ml of Bekmen tissue solubilizer and counted in
toluene based scintillant using a Bedkmen Liquid
Scintillation Spectrometer (Modd LS 3133 P ).

RESULTS

Fig.1l shows the effect of PGE,( 10 ng/testis ) on
tne activity of AXC at various ‘time intervals. The
apynme activity increased significantly at 1 hr
(P= 0.05 ) reaching maxima levels at 2 hrs ( P< 0.01 )
after the injection. This weas followed by significant
reduction at 4 hrs ( P<0.0l) declining to control
level at 6 hrs.

The effect of different doses of PGE, on QIC
activity is shown in Fig.2. An increase ‘in the activity
of the enzyme was observed following treatment wi th
° ug of PGE,, reaching maxima levels a a dose of
10 pg per testis. Higher doses of PGE, caused signifi-
cantly smaller stimulation in the activity of the
enzZyme.

The effect of PGE., and PGF, alone ad PGL, in
combination with AMP or MIX is™® given in table™l.
njection of MIX to prostaglandin treated animals
caused additional stimulation of AOC activity when
compared with the animals injected with MIX or FGE,
alone. cANP caused an increase in the activity of
I ( P<0.0l ). Injection of PGE, to AMP treated
animals induced additional stimul&tion of the enzyme.
¥GF o, did not cause enhanced stimulation of AXC in the
1GES"injected animals.
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Fig. 1. Effect of PGE2 on the levels of ODC activity in
the testis of rat at" ‘various tinme intervals. PGE, was
injected at a dose of 10 pg per testis. Each point is

a nmean + S.E.M. of 6-10 animals. 00 PGEz, &— @ saline
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Fig, 2. Effect of various doses of PGE, on CDC activity
of inmature rat testis. PGE, was injected intratesti-
cularly and the enzyne actiVity was determined at 2 hrs.
as described in materials and nethods section. Each
point is a nean + S.E.,M, of 6-10 ani mals.
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TABLE 1.EFFECT OP PGE2, PGF2a.cAMP AND MIX ON ORNITE:
DECARBOXYLASE ACTIVITY IN TESTIS

Groups Treatment aC activity
pmoles/hr/mg protein
1. Control 455 + 9
2. PGE,(10ug) 1315 + 123
3. PGan(lOug) 1152 + 24
4, PGE, (10ug) +PGF,(10ug) 950 + 125
5. cAvP (20pg) 726 + 55 | p < 0.0t
6. PGE,(10ug) +cAiP(20ug) 997 + 51 |
7. MIX (5ug) 804 + 6l
- p < 0.00]
8. MIX (5ug) +PGE,(10pg) 1902 + 129}

Prostaglandins, MIX and CAMP were injected directly
into the testis in 5-10 pl of vehicle as described in
materials and methods section and the animals were
killed after 2 hra. kesults are mean + S.E.M. of 6-10

animals per group. Group 8 is significantly different
from group 2 ( p<0.05 )

The effects of LH, FSH individually or in combina-
tion with PGE, is given in table 2. The gonadotropic
hormones causéd significant stimulation of DG activity
at a dose of 20 ug per testis. PGE, at a dose of 5 or
10 pg per testis to the LH or FSH 2l'reated animals
caused additional stimulation of (OC activity.

The effect of indomethacin, potent inhibitor of
prostaglandin synthetase, on LH, FSH or cAMP stimulated
C activity was studied ( Table 3 ). Indomethacin
caused drastic inhibition of A activity in FSH, LH
or AAMP treated groups.
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3 2 EFFECT OF COMBINED TREATMENT WITH PGE., AND
GONADGTROFIC HORMONES ON CDC ACTIVITY= IN
THE TESTI3

Treatment ax activity _
(p moles/hr/mg protein)

1. Control 455 + 9

2, PGE,(10ug) 1315 +125

3. PGEZ( 5ug) 969 + 15 j p¢ 0.001
i.  LH (20ug)+PGE,(5ug) 1527 + 123 !

i, LH (20ug)+PGE, (10 png) 2082 + 93 |

7. FSH ( 20ug) 793 + 42

3. FSH (20p)+PGE, (5pg) 1125 + 71 | P<0-01

jormones and PGE. were administered intratesticularly
in 5-10 pl of vénicle as described in materials and

iethods section. Animals were killed 2 hrs. after the
injection. Results are mean + S.EM. of 6-10 animals

per group.

To assess the possibility that indomethacin was
acting at the level of general protein synthesis, an
experiment was conducted using ~“H-leucine. It was
observed that FSH induced leucine incorporation was
drastically inhibited by 30 or 60 pg of indomethacin
paerbl teztie( p<0.00l). The results are given in
table 4.
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TABLE 3. EFFECT OF INDOMETHACIN ON FSH, LH AND cAM!
STIMULATED ODC ACTIVITY

—
Treatment @C activity Inhibit ,

(pmoles/hr/mg (perce ts
protein )

1. Control 597 + 14

2. 1M (60pg) 538 + 5

3. P3H (40ug) 1456 + 182

4, PSH (40upg)+IM (30pg) 1214 + 180 28

5. FSH (40pg)+IM (60pg) 549 + 70 100

6. LH (40upg) 1224 + 134

7. LH (40pg)+IM (60ug) 609 + 88 98

8. AMP (40ug) 879 + 17

9. AMP (40ug)+IM (60ug) 537 + 93 100

Hormones and AAMP were injected in 10pl of saline.
Indomethacin_was injected in 5 pl of ethanol. Animals
in groups 1-7 were killed at 4 hrs. and in groups

8 and 9 were killed 2 hrs. after the injection.Results
are men + S.E.M. of 6-10 animals. Injection of 5 p1
of ethanol alone to FH treated animals ( data not
shown ) did not cause any inhibition of C activity.
Inhibition of 289 observed in group 4 is not statisti
cally significant when compared to group 3 ( p>0.4 ).
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tot 5 4 EFFECT OF INDOMETHACIN ON 3H-I..EUCINE INCORPORA~
TION INTO PROTEINS OF TESTIS TREATED WITH F3H

reatment 3’Pl-leucine incorporated
(cpm/mg protein )

1. ontrol (Saline) (6) 66,900 + 8900
2. M (60 ug) (4) 54,800 + 7600
3. FH (40 ug) (4) 115,200 + 6700
4. FSH (40 pg )+IM (30 ug) (4) 46,500 + 2200
5. #SH (40 ug) +M (60 ng) (4) 39,800 + 3000

A

Thre number of animals used in each group is given in
parentheses. The values are mean + S5.E.M.

IISCUSSION.

The present study shows that PGEE and PGF_ like
94 LH or cAMP, cause stimulation ofQXC acti®¥Tty in
the te8tis of rat. These results are similar to the
sbservations mede earlier on the effect of PGE,> on rat
ov/ay in vivo (7) and in vitro (6). It wes interesting
to observe that in our studies treatment with FS4 or LH
dong with the maximaly effective dose of PGE (10ug/
testis) caused additional stimulation of G a%tivity.
! he levels of AAMP in the testis increase following
treatment with gonadotropic hormones (12,13) and prosta-
glandins (4,14). It was shown that stimulation of AXC
activity by gonadotropic hormones is mediated by AMP
in porcine granuloea cells (15). Hyperstimulation of
@C activity observed in the present study following
treatment with saturating levels of PGE. ad FSH or
P6E, and LH mey be due to the additional accumulation
of 'AAMP due to the combined action of these compounds.

It is also possible that PGE,, LH and F3H are acting on
lifferent cell types and are causing additional aXC
activity. Studies using isolated cell types are necessary
to investigate this possibility. PGF, in combination
nth PGE, did not cause any additive-@ffect. This ney be
lue to tRe action of these compounds on similar types of
tells in the testie. The idea that cAMP mediates the

SEPTEMBER 1980 VOL. 20NO. 3 511



PROSTAGLANDINS

stinulation of ODC activity is strengthened in our
experinents using phosphodiesterase inhibitor, MX

W observed that M X potentiated the effect of PGE,
and caused additional stimulation of ODC activity.©
However, treatnment with PGE, and cAVP did not stimuls .
the activity of CODC over the levels of PGE, injected
ani mal s probably due to rapid destruction of CcAMP.

The internmediary role of prostaglandins in LH or
FSH action is not clear. Treatnent of LH or FSH
injected animals with indomethacin, a prostagl andin
synthetase inhibitor caused inhibition of CDC activit .
However, similar inhibition of CDC activity by indome
thacin was al so observed in cAWP treated aninals.
I ndorret hacir. appears to have toxic effect on teestics
since it inhibited incorporation of JH-leucine into total
proteins, in addition to causing inhibition of COC
act|V|t%. Gsterman et al (16) have also found that
i ndonet hacin caused Inhibition of ODC activity and
protein synthesis in the granulosa cells of ovary
In vitro. A nore specific inhibitor of prostaglandin
Synthetase which is less toxic to the tissue is
necessary to study the role of prostaglandins in
gonadot ropi ¢ hornone action.
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SUMVARY

Intratesticular injection of epinephrine and norepine-
phrine caused stinulation of ornithine decarboxylase (ODC)
activity in the testis of immature rat. The effect of
epi nephrine was tine and dose dependant. The minimal
ef fective dose for epinephrine was found to be 100 pg and
optimal stinmulation was observed with 500 ng of the drug.

Maxi mal stinulation of ODC occurred at 2 h after the
treatment and reduced significantly at 4 h reaching to
control levels at 6 h. Simultaneous injection of epinephrine
with dibutyryl cAMP, luteinizing hornone, follicle stinmulat-
ing hormone or prostaglandin Eo caused additional stimulation
of the enzyne activity. I njection of epinephrine to

nor epi nephrine treated aninmals caused additional effect.

Bot h epi nephrine and norepi nephrine were found to stinulate
the enzyme activity in Leydig cell and sem niferous tubule
fractions. These results suggest that catecholamines are

al so involved in the regulation of ODC activity in the testis
of rat.

INTRODUCTION

Several recent reports indicate that factors other than
gonadotropic hormones may influence testicular function. The
testes of rat contains adrenergic nerve terminals in close
proximity to testicular blood vessels (1). Large doses of
epinephrine and norepinephrine affect testicular vaso-
constriction and blood flow (2,3). It was observed that the
general metabolic activity of the testis is altered by the
addition of epinephrine in vitro to the testicular tissue (4)

0006-291X/81/191096-08$%01.00/0
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and injection of catecholamines caused reduction in the levels
of testosterone (5). However, the levels of AMP were found
to increase in the fiertoli cells following treatment with

catecholamines jn vitro (6). Ornithine decarboxylase (EC 4.1.

1.17) is a rate limiting exzyme in the biosynthesis of
putrescine and polyamines (7). In our earlier studies we have
reported that the levels of testicular AC are regulated by
gonadotropic hormones and prostaglandins, probably through

the stimulation of AAMP (8-10). The present study, for the
first time, shows that epinephrine and norepinephrine

stimulate the levels of AC in the testis of rat.

MATERIALS AND METHODS

Immature male rats, aged 21-22 days, weighing between
25-30 g, derived from Wistar strain were used in this study.
Ovine ?uteinizing hormone (NIH-LH-5-20), ovine follicle
stimulating hormone (NIH-FSH-S-12) were generously provided
by the National Pituitary Agency, NIAMDD, U.S.A. L-epinephrine
bitartarate, L-norepinephrine bitartarate, pyridoxal phosphate,
ornithine, dithiothreitol, glutathione and dibutyryl cyclic
AVP were purchased from Sigma Chemical Company. Prostaglandin
Ep (PGE2) was obtained from Upjohn Company. D,L-(1-14C
ornithine monochloride (58 mCi/mmol) was obtained from
Radiochemical Centre, England. All other chemicals were of
analytical grade and were procured locally.

The animals were injected intratesticularly under mild
ether anesthesia with hormones, PGE, or AMP in 5-10 pl of
0.15M sodium chloride as described previously (8). At
appropriate time the animals were killed by cervical disloca-
tion and the decapsulated testes were homogenized in 4 vol of
ice cold TED buffer (Tris, 2&rM, EDIA O0.lmM, DIT 1.0mM,
pH 7.4). The homogenate was centrifuged at 25,000 g in a ME
refri%erated centrifuge for 30 min. The supernatant was used
for the assay of (DC activity essentially according to the
method of Janne and Williams-Ashman ﬁll) with some modifications
as described earlier 9%. Leydig cells and seminiferous
tubules were separate y incubation in Krebs-Ringer bicarbonate
buffer, pH 7.4, containing 1 mg/ml collagenase and the CDOC
activity of the separated cells was estimated as described by
us (10). Protein content was determined by the method of

Lowryg_g_g; (12).

REIILTS
The effect of 1 ug epinephrine on total testicular ODC

activity at various tinme intervals is shown in Fig. 1. It
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Fig. 1 Time course of action of epinephrine on AXC activity
in the testis. Epingphrine at a dose of lug/testis
was injected intrate6ticularly and the animals were
killed at various time intervals. The arow indicates
the untreated control value.

weas observed that epinephrine caused maximd stimulation of
QX a 2 h after the injection of epinephrine. The ewyme
activity declined at 4 h and returned to control levels at

6 h. Table | shows the effect of various doses of epinephrine
and norepinephrine on A3XC activity a 2 h after the injection.
Both epinephrine and norepinephrine caused significant stimu-
lation of the ewyme activity following injection with 100 pg
of the drug. However, injection with less amount of the
catecholamines did not cause awy effect (data not shown).
Maxima stimulation of the ewyme activity wes observed

with 500 ug of epinephrine and 1 pg of norepinephrine. The
effect of catecholamines in the Leydig cell and seminiferous
tubule fractions is given in table Il1. Epinephrine and
norepinephrine injection caused significant stimulation of

QX activity in both Leydig cells ad seminiferous tubules.
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Table 1
EFFECT OF VARIOUS DOSES OF EPINEPHRINE AND

NOREPINEPHRINE ON CODC ACTIVITY IN THE TESTIS
DC activity

Treatment
Dose/Testis (p moles/h/mg protein)
Saline ——— 709 +112
Norepinephrine 100 pg 1087 + 51
10 ng 1047 = 33
100 ng 1197+ 94
1.0 ug 1419+ 19
10.0 pg 1628 + 140
Epinephrine 100 pg 1083 + 43
500 ng 1353 ¢+ 113
1.0ug 1268 = 114
10.0 ug 1357 = 121

All treated groups were statistically significant
(P<0.05 = P<0.001) wen compared to the saline treated
controls. 6-10 animas were usd in eech group. QXC
activity wes messured at 2 h after the injection of the

compounds .

Table 111 shows the effect of combined treatment of

epinephrine and FSH, LH, PGE norepinephrine or AMP on AC

2’
activity at 2 h after the injection. It was observed that
simultaneous injection of any of the above compounds to
epinephrine treated animals caused significantly higher

stimulation of the enzyme activity.

DISCUSSION

These results dow that both epinephrine and norepine-
phrine cause stimulation of AXC activity, The eamyme activity
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Table ||
EFFECT OF EPI NEPHRI NE AND NOREPI NEPHRI NE
ON ODC ACTIVITY IN THE ISOLATED LEYDIG

CELLS AND SEMINIFEROUS TUBULES

Treatment ODC activity (p_moles/h/ma Drotein)
Leydig cells Seminiferous tubules
Control 322 4+ 18 549 + 40
Epinephrine, 1 ug 678 =+ 101 999 + 96
Norepinephrine, 1 ug 754 + 43 1064 + 34

Each group consists of 3-4 determinations containing 15-20
animals. All treated values are significantly (P<0.001)
different from controls. CDC activity was measured at 2 h

after the injection of catecholamines.

was dose and tine dependant. Furthernore it is interesting
to note that the catechol am nes increase the enzyne activity
in both Leydig cells and semniferous tubules. In an earlier
study we have observed that PGE, and PGFp, al so cause stimul a-
tion of ODC activity in Leydig cells and sem niferous tubules,
while the action of FSH is confined to seminiferous tubul es

and that of LH to Leydig cells (10).

It is interesting to note that injection of norepine-
phrine, PGEo, LH, FSH or cAW to the animals treated with
saturating dose of epinephrine causes additional stimlation
of CDC activity. This nay be due to the action of these
conpounds on different types of cells causing hyperstimulation
of ODC activity in the whole testis. In our previous study
it was observed that injection of PGE, to LH or FSH treated
aninal s al so caused additional stinulation of ODC activity.

Additional stimulation of ODC activity observed in this study
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Tedle 111
COMBINED EFFECT OF CATECHOLAMINES, GONADOTROPIC HORMONES,

PGE2 AND cAMP ON ODC ACTIVITY IN THE TESTIS

Grou DC activit
NP Treatment © moles/h/m\é Comments
protein)
1 Control 709 + 64
2 Eplnephrine (1pg) 1268 + 114 P<0.01 vs group 1
3. Norepinephrine (1lpg) 1419+ 19 P<0.001 vs group 1
4 Epinephrine (lpg) +
lejore?)inephrine (1pg) 2328 + 230 P<0.01 vs group 2
) Epi hri 1 +
i g&l\r/llgp(g)ﬁeg)( ko) 1870 +- 143 P<0.05 VS group 2
6. Epinephrine (1 +
IPI—I| (EOplg) (263) 1772 +.142 P<0.0% vSs group 2
7. i i
E,%qef’%:,g? (lug) + 1992 + 87 P<0.01 vs group 2

8' ELPGIQEPP{&?;)( e 2188 +-106 P<0.001 vs group 2

6-10 animals wae used per group. I activity wes estimated a
2 n after the injection of the various compounds

following treatment with norepinephrine to epinephrine treated
animals is interesting. This nmey be due to the action of
these two catecholamines on two different types of receptors
on the same cell or due to their action on entirely different
Populations of the cells in the testis. Furthermore, PGE,
which also acts on both seminiferous tubules ad Leydig cells

also caused additional stimulation in animals treated with

saturating dose of epinephrine. These results support the
hypothesis that hyperstimulation of QJC activity in these

animals is due to their action on different types of cells.

Catecholamines were dowmn to increase the activity of

QX in porcine granulose cells (13). It was proposed that
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in rat granulasa cells the effect mey be mediated by B-2-
receptors linked to adenylate cyclase system (13). In rat
$ertoli cells p-1-adrenergic receptors were identified and
catecholamines were dhoamn to increase the levels of AMP (6).
It is possible that the increase of (DC following injection
with epinephrine and norepinephrine is due to the increase
in the levels of intracellular cAMP. It was proposed earlier
that the increase in the levels of AOC following injection
with LH, FSH, PGE, ad PGF,y is mediated through AVP in the
testis of rat (8-10). Additional stimulation of OC observed
in this study in response to epinephrine and LH, FSH, PGE, or
norepinephrine mey be due to the increased stimulation of
AMP due to the combined action of these agents. However,
further work is necessary to elucidate the mechanism of action
of catecholamines and their physiological role in the testis.
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I. Introduction

In [ 1] evidence was presented showing hyper-
stimulation of ornithine decarboxylase (OD(') activ-
ity following combined treatment with saturating
levels of prostaglandin F2 (PGLE,) and follicle-stimu-
lating hormone (FSH) or PGE, and luteinizing hor-
mone (LH) in the testis of immature rat || |. It was
presumed that PGE,, FSIT and LH were probably
acting on different cell types and were causing a

umulative effect on ODC. Hence experiments were
designed to study the effect of prostaglaridins. FSH
and LH on ODC activity in the isolated [eydig cells
and seminiferous tubules of immature rat testis. The
evidence presented in this study shows that PGl ,
and PGF,, stimulate ODC levels in both Leydig cells
and seminiferous tubules.

2. Materials and methods

Ovine luteinizing hormone (NI1H-1.H-S-20), ovine
follicle stimulating hormone (NI 1-FSH-S-1 2) and
prostaglaridins were obtained from the National
Institutes of Health and the Upjohn Company, re-
spectively. Ornithine. pyridoxal phosphate, dithio-
threitol. reduced glutathione. collagenase and bovine
erum albumin were purchased from Sigma. St Louis.
D.L-[1-"*C] ornithine monochloride (58 m(i/mmol)
was purchased from the Radiochemical Centre,
Amersham. All other chemicals were of analytical
grade and were obtained locally.

Stock solutions of prostaglaridins were prepared in

* To whom correspondence should be addressed

Lisevier/North-Holland Biomedical Press

ethanol at |0 mg/ml. They were diluted with saline to
the desired concentrationsbefore injecting t he animals.
Hormones were made in saline.

Immature male rats (21 22 days. 25 30 g) were
used in al experiments. Rits were injected intratestic-
ularly with 10 pug PGL, alone o1 in combination
with 40pug FSH or 1H in 10 4l total vol. asin |2].
Control animals received 10 ul saline. Al appropriate
times rats were killed by spinal dislocation and (estes
were dissected out. The decapsulated testes ltom 6 S
animals were pooled and leydig cells and seminiferous
tubules were separated by incubation in Kicbs-Ringe:
bicarbonate buffer (pH 7.4 ) containing collagenase
(L mg/ml) as in |3]. Addition of I mM reduced gluta
thione increased the stability of ODC, hence it was
added to the buffer during incuhation.

The Leydig cells and seminiferous tubules, follow-
ing their separation, were homogenized in 4 vol. 25
mM Tris. 0.1 mM EDTA and | mMm DTl buffer (pH
7.4) in a glass homogenizer, and centrifuged al
25 000 X g for 30 min. The supernatant was used for
the assay of ODC activity as detailed in [4]|. The assay
mixture contained 0.25 pmol unlabelled ornitiiinc,
2.5 umol DTT, 0.1 umol pyridoxal phosphate, 0.2 p(i
radioactive ornithine and 200 ul enzyme in 0.5 ml
total vol. Following incubation at 37"C for 1 h the
reaction was stopped by injecting 0.5 ml 107 trichloro-
acetic acid and the tubes were re-incubated for an
additional 30 min to trap al liberated '*C'O,in the
centre wells which contained (0.1 ml hyamine hydrox-
ide. The radioactivity was counted in a toluene-based
scintillant using a Beckman Liquid Scintillation Spec-
trometer (Model LS 3133 P). Protein was determined
by the lowry method (5|. ODC activity is expressed
as pmol "*CO; liberated . h™". mg protein '
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3. Results and discussion

The effects of PGE, and PGF,, alone and PGL; in
combination with FSH or LU are shown in table 1. It
was observed that PGE, and PGFE,, significantly
stimulated the activity of ODC in both Leydig cells
and seminiferous tubules. LIl caused significant stim-
ulation of the enzyme activity in Leydig cells while
FSH increased the levels in seminiferous tubules.

‘The above results show that PGE, and PGE,, act
on both Leydig cells and seminiferous tubules and
stimulate ODC activity. Treatment with FSH and
PG, did not increase the levels of ODC in the semi-
niferous tubules over the levels seen in animals treated
with PGE, alone. Similarly injection of LI and PGE,
did not cause hyperstimulation in the leydig cell frac-

Table 1
Effectof PG, PG, 1 SH and LIT on ODC activity in the
isolated leydig cells and seminiferous tubules of testis

Croup  Treatment ODC (pmol . h™' . mg protein™")

no.
|eydig cells Seminiferous
tubules
It Saline 322"' 18 549 - 40
2. PGE, 970 > 133¢ 1852 3. 2284
3. LH 540 ' 754 64 3 > 69
4. LG PG, 859 « 794 1116+ 1760
5. I'SH 360 > 46 1006 - 1764
6. ISl + PG, 753' 2924 1033 ' 144€
7. PG 112> 1104 1277 + 338¢

a7 0.05; b7 e 0.02; € 0.01; dr
to group 1

<.0.001 as compared

All animals were killed at 2 h alter the injection of prosta-
glandins or at 4 h after the injection of | 11 or I SH. The ani-
mals in groups 4 and 6 were treated with PGI-, 2 h alter the
administration of LU or | StI. The values are mean ' SI'M of
4 5 different observations
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tion. This may be due to a common rate-limiting
intermediate in the action of both these compounds
Cyclic AMP stimulated the levels of ODC in [].2]
Prostaglandins [6J and gonadotropic hormones |7
are known to stimulate CAMP levels in the testis (|
rat. Stimulation of ODC levels observed here followi
treatment with prostaglandins and gonadotropic hor-
mones may be through the stimulation of cAMP leve |,
in the Leydig cells and seminiferous tubules of rat.
Hyper-stimulation of ODC levels following treatnieni
with PGE, and gonadotropic hormones observed
earlier in the whole testis [1] appears to be due to
the combined effect of these compounds on different
cdl types in the testis of rat.
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