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CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE



Cellular developnment is a conplex process consisting of
various intra- and intercellular events involving the induction
of specific sequential changes in the cell. Cell differentiation
can be regarded as the acquisition by individual cells of various

cytol ogi cal and biochem cal features of the differentiated state.

During the last few decades, a |large anount of evidence has
accunul ated inplicating the polyamines in the regulation of cell
proliferation and differentiation. The polyam nes sperm ne and
spermdine and their precursor putrescine occur in nost living
organi sns (Bachrach, 1973). They play an inportant role in
proliferation, are useful markers of cellular growth (Mrris,
1974) and neoplasia (N shioka et al. , 1978), and are thought to
be associated with several diseases. Cellular polyamne |evels
and their respective biosynthetic enzynes increase substantially

during the early phase of growh and devel opnent.

The inportant characteristic of polyamnes is their basic
nature, which gives thema high affinity for acidic constituents,
and this may be inportant in determning their physiological
actions. It is therefore natural that nucleic acids should figure
promi nently as targets for polyam nes. There are a w de variety

of effects exerted by polyam nes, including the follow ng:

a) Requirenent as growmh factors: Polyamnes are required for
optimal growmh in all cells tested and this requirenent seens to
be absolute. It has been shown that cellular polyamne |evels

i ncrease progressively as cells traverse the cell cycle from the



G, phase to mtosis (Heby et al., 1982).

b). Embryogenesis: During pregnancy, growmh of fetus and
maternal reproductive tissues is acconpanied by increased
polyamine |levels (Fozard et al. , 1980a; Huber and Brown, 1982).

Difluoromethylornithine (DFMO), a potent inhibitor of ornithine
decar boxyl ase (and thereby of polyam ne biosynthesis) has been

shown to have contragestational effects in mce (Fozard et al.

1980a), rat (Fozard et al., 1980b; Reddy and Rukmini, 1981;
Slotkin et al., 1983), rabbit (Fozard et al., 1980b) and hanster
(Glliani et al. , 1983) . Polyam nes were also shown to play an

essential role in the early stage of Xenopus oocyte maturation

(Lowkvist et al., 1983).

c). Ogan devel opnent: Pol yam nes are essential for organ
devel opnent in vivo. In humans, long term DFMO administration was
found to inhibit the differentiation of erythropoietic cells
(Abeloff et al. , 1984). Polyam ne deficiency has been shown to
produce adverse effects on the secretory activity of the ventral
prostate gland (Danzin et al. , 1979; Kapyaho et al. , 1984; Danzin
et al., 1982) .

d) . Mintenance of chronosomal integrity: It has been shown that
pol yam ne deprivation causes mmjor chronosonmal aberrations in a
pol yam ne dependent Chinese hanster ovary (CHO cell line

(Pohj anpelto and Knuutila, 1982; 1984).

e) Regulation of protein synthesis: It has been postul ated by

)



Panagiotidis et al. (1989) that interaction between polyamines,
pol yam ne-synt hesi sing enzymes and S20/L26 and L34 ribosomal

proteins may participate in regulation of protein synthesis.

O nithine decarboxylase (ODC), a key enzynme in polyanine
bi osynthesis, is one of the nobst highly regulated enzynes in
eukaryotic organisns. ODC is somewhat unigue by virtue of its
rapid and dramatic inducibility by a variety of growh stinuli,
based on its extrenely rapid turnover rate. Another special

feature of this enzyne is its regulation by a unique feedback

mechanism by its products, involving a specific inhibitory
protein known as antizyme (Heller et al. , 1976) . ODC is present
in very mnute quantities in cells, but can be induced

severalfold by various growh factors, hornmones, mtogens and
other stimuli. As a result, ODC is one of the nobst intensively
studi ed enzynes and a conplete review is beyond the scope of this
thesis. Therefore only some of the salient aspects wll be

cover ed.

ODC is a homodimer of 52 to 55 kDa subunits and is quite
wel | conserved in sequence from fungi to humans (Coffino, 1989).
The amino-acid sequences of the nouse, human, hanmster and rat ODC
obtained from the DNA sequences indicate that the protein
consists of 461 am no acid residues (Pegg, 1989). Al known forns
of ODC use pyridoxal phosphate as a cofactor. Mammalian ODCs are
strongly dependent on the presence of dithiothreitol or other
thiol reducing agents for nmaximal activity. The enzyme has a pH

optimum of 7.0 and the K for L-ornithine is roughly 0.1 nmM



There have been many reports of mnultiple forns of ODC in
mamral i an  cel | s, E. Coli, Physarum polycephalunm, and T.
pyriforms. ODC belongs to a multigene famly and it is possible
that there are nultiple functional genes which could give rise to
different forms. Two forns of ODC differing in isoelectric points
have been reported in nouse kidney; it is possible that these
represent fornms having different extents of post-translationa

modification.

Accunul ati ng evidence indicates that ODC is regulated at the
| evel s of transcription, translation and enzynme degradation. 1In
addition, overproduction of the enzyne occurs rather easily by
gene amplification when <cells beconme resistant to an ODC
inhibitor, and rapid activation of the enzyne takes place to

m nor degrees under sonme conditions.

Transcri ption: Feinstein et al. (1985) showed that rapid
i nduction of ODC activity by nerve growh factor in cultured PCl2
pheochromocytoma cells is acconpanied by a roughly parallel
change in the anount of hybridisable ODC nRNA. It was |ater shown
using nuclear run-on transcription assays that both NG and
epidermal growmh factor enhance transcription of the ODC gene
(Geenberg et al. , 1985) . Simlarly, androgens induce ODC gene
expression and activity in murine Kkidney, and the phorbol ester

TPA al so i nduces ODC transcription.

Transl ati on: A nunber of stinuli affect ODC at the |evel of

translation. It has been shown by Kanamoto et al. (1987) that the



synergistic induction of ODC activity in primary cultured rat
hepat ocytes caused by glucagon and asparagine was due to a
threefold induction of ODC nRNA by glucagon and at |east a
six-fold stimulatiop of translation rate caused by asparagine.
Stimulation of translational initiation has also been suggested
by White et al. (1987) for ODC induction in mtogen-activated
| ynphocyt es.

In the case of nouse kidney, androgens cause a25-fold
increase in the rate of ODC synthesis (Persson et al. , 1984),
whereas there was only an 8-20 fold increase in ODC nRNA (Berger
et al., 1984) . This strongly suggests an involvenent of
translational stinmulation. In rat liver, a large induction of ODC
activity both by thicacetamide treatnent (Kameji et al. , 1984)
and by feeding (Kanmeji et al., 1987) is preceded by only
severalfold increases in the activity of polysome-associated ODC
MRNA, again suggesting the involvenent of a translational

mechani sm

In human osteosarcoma cells, Goto et al. (1991) suggested
that parathyroid hornone regulates ODC activity at the level of
translation. In |ynphocytes, concanavalin A causes a shift of the
ODC nessage fromits untranslated pool into polysomes, suggesting
that the increase in ODC activity is in fact due to the
stimulation of translational initiation (Wite et al., 1987).
El F-4E, the |east abundant of the translation initiation factors,
plays a regulatory role in translation and it has been suggested
that cell transformation brought about by elF-4E overexpression

may be caused by relief of suppression of translation of mRNAs

(b))



encodi ng proteins that regulate cell growth. It has been recently
suggested that ODC levels are controlled by elF-4E and that ODC
is an essential conponent of the transformation of 3T3 cells by

this factor (Schantz and Pegg, 1994) .

ODC under goes negative feedback control by pol yam nes, which
induce an increase in the rate of ODC degradation as well as a
decrease in the rate of ODC synthesis. It has been observed that
the cellular content of ODC nRNA does not change significantly
during the rapid ODC decay induced by pol yam nes (Hayashi, 1989).
It is likely therefore, that polyamnes inhibit ODC synthesis at

the transl ational |evel.

Degr adat i on: An extrenely rapid turnover rate is one of the
fundamental characteristics of eukaryotic ODC and makes the
regulation of its synthesis a very effective nmeans of bringing
about rapid changes in amunt. Also, the turnover rate of ODC
itself changes considerably under various conditions, indicating
that the process of ODC degradation is also subject to

regul ati on.

| mportant progress has been nmade recently with respect to
ODC degradation by polyamnes. In 1976, Heller et al. discovered a
protein inhibitor of ODC which is induced by polyam nes, is bound
to the enzyne, and non-competitively inhibits its activity. This
protein was named antizyme. Subsequently, there have been reports
of the presence of antizyme in various mammalian tissues, avian

tissues, and E. «coli, either after treatnent wth exogenous
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polyamines or under physiological conditions. The specificity of
action of antizyne suggests that its primary role is to bind to
ODC and neutralise its activity. Antizyme seens to be primarily

involved in ODC degradation, at least in mammalian cells.

Recently, Li and Coffino (1993) have proposed a nodel to
explain the facilitation of ODC degradation by antizyme. They
propose that ODC degradation is a two-step process, wherein ODC
and antizyne associate in the first step, stabilising an
enzymatically active conformation, wth the Ctermnus of ODC
exposed. The second step is likely to be ATP-dependent, and
proteolysis of ODC occurs. Thus, according to this nodel, the
role of antizyme seens to be to render ODC susceptible to

prot eol ysi s.

HORMONAL REGULATI ON OF ORNI THI NE DECARBOXYLASE:

A nunber of hornmones enhance ODC activity in their
respective target organs, as well as in mnmlian cells in
cul ture.

Epi dermal growth factor induces a marked but transient
increase in ODC activity in cultures of chick enbryo epiderms,
as well as in vivo in mce (Stastny and Cohen, 1970). Studies on
the effects of EG- on ODC activity and DNA synthesis in rats
during the perinatal period have suggested that EG- has mtogenic
effects on neonatal and maternal rat |iver (Yamamoto et al.,

1993) .



The effect of androgens on ODC in various target tissues has
been widely studied. In fact, androgen-treated mouse kidney 1is
one of the richest sources of ODC. Testosterone elicits a several
hundredfold increase in the ODC level that is generated by
changes in both ODC synthesis and turnover (Berger et al., 1984).
In the rat, renal ODC nmMRNA levels were largely unchanged by
testosterone deprivation by castration i and subsequent
repletion. In contrast to the kidney, ODC expression in the rat
ventral prostrate and semnal vesicles is testosterone dependent
(Bl ackshear et al., 1989). Epididymal ODC activity in the rat is

al so androgen-dependent (de las Heras and Cal endra, 1987).

O her steroid hornones also affect ODC activity in various
target tissues. Estradiol stinulates uterine ODC activity in
imature rats (Laviaet al., 1983). Estrogen stinulates renal ODC
activity in male rats and hansters, but has little effect in nmale
mce (Wng, 1990). progesterone is also thought to play a
significant role in the rise of wuterine ODC activity in the

pregnant hanster (Luzzani et al., 1982).

Si ngl e, phar macol ogi cal doses of parat hyroid hornone,
cal citonin, vasopressin, d-aldosterone or L-triiodothyronine were
shown to produce a significant increase in ODC activity of rat
ki dney in hypophysectom sed rats (Scalabrino and Ferioli, 1976).
A single dose of synthetic salnon calcitonin stinulated ODC
activity in brain, |liver, kidney, testis and ovary (Nakhla,

1987) .



It was shown by Wng and Rillema (1983) that prostaglandins
PGEl, I52 and L. elicit a concentration-dependent stinulation of

ODC activity in mammary gland explants from m d-pregnant m ce.

PROLACTI N AND ITS ACTI ON:

The anterior pituitary hornones are included anong the nmjor
hormones that influence ODC activity. Prolactin (PRL) is known to
exist in all vertebrates and nore than 85 diverse and disti nc-t
functions have been attributed to this hornone. These actions can
be broadly divided as follows: i) reproduction and lactation, ii)
water and salt bal ance, iii) growh and norphogenesis, i V)
nmet abolism v) behavior, vi) immunoregulation, vii) effects on
skin and ectoderm In addition, prolactin is known to have a
mitogenic action and has been inplicated as a tunmor prompter in
rat liver. In mammls, PRL is primrily responsible for the
devel opment of the mammary gland and lactogenesis. It acts in
association with insulin and glucocorticoids to stimulate mlKk
protein gene expression at both the transcriptional and post-

transcriptional levels (CQuyette et al., 1979).

The biological roles of the high levels of PRL receptors in
rat liver are not well understood. Admi nistration of PRL to rats
causes hepatic hypertrophy and increases ODC activity (Buckley et
al., 1985; Richards 1975). PRL has been shown to stimulate the

expression of NMRNA for cytosolic PEP carboxykinase in |iver of



lactating rats and in primary cultures of hepatocytes (Zabala and
Garcia-Ruiz, 1989). Also, PRL induces a factor called synlactin
in the liver of pigeons and rats that acts synergistically wth
PRL to pronote the growh of the crop sac or the mammry gl and
(Ncoll et al., 1985).

Prolactin is also known to regulate the expression of a
| arge nunber of receptors, including the interleukin-2 receptors
on rat splenic |ynphocytes (Mikherjee et al. , 1990) and nerve
growmh factor receptors in the pg-cell line INS-1 (Scharfmann et
al ., 1994). PRL and GH have been shown to control g-cell

proliferation and insulin production and secretion.

In humans, PRL regulates the gene for a protein known as
PRL-inducible protein (PIP). PIP is a secreted glycoprotein whose
transcription is regulated by androgens, while PRL has an
essentially post-transcriptional (nMRNA stabilisation) ef f ect
(Murphy et al ., 1987b) . PIP is present in several human breast
cancer cell lines and in benign and malignant tunor biopsies

(Murphy et al., 1987a).

Recent evi dence has shown t hat G4 and PRL are
immunostimulatory factors. Hornone-replacenent studies have shown
that either of these hornones was able to restore immune function
in animal nodel s such as hypophysectomy nodels or genetic dwarfs.
Effects of PRL on |ynphocytes have been reported. Russell et
al. (1984)  reported t hat PRL coul d i ncrease orni t hi ne
decar boxyl ase activity in peripheral |ynphocytes. Antibodies to

PRL inhibit |ynphocyte proliferation (Hartmann et al., 1989).

10



Hyperprolactinemia results in a marked suppression of antibody
production, delayed type hypersensitivity,, or development of
adj uvant-induced arthritis. PRL also regulates lymphocyte growth
in hypophysectom sed rats and stinulates c-nyc expression and DNA
synthesis in 1lymphoid tissues. |In the PRL-dependent Nb, node
T-1lymphoma cell l'i ne, t he immunosuppressive conpounds
cycl osporine and didemnin B inhibit PRL-stimulated ODC activity
and subsequent proliferation (Russell et al., 1987). Simlarly,
cycl osporine significantly inhibited PRL-stimulated ODC activity
in spleen, kidney and adrenal glands in intact rats, and kidney,
liver, thymus and adrenal glands in hypophysectom sed rats. The
maj or side-effects of the drug cyclosporine being kidney toxicity
and depressed renal function, Russell et al. (1984) have
suggested that kidney failure in response to cyclosporin A my
involve the ability to suppress the normal level of protein and

RNA synt hesis nmintained by circulating prolactin.

Endogenous prolactin has been shown to participate in sone

of the early immunologic events leading to the devel opnent of

aut oi nmune di seases (Buskila et al., 1991), such as experinental
lupus in BIWmnmce (McMurray et al., 1991), induced experinental
allergic encephalitis (Rskind et al., 1991) and adj uvant
arthritis (Jara et al., 1991). It has also been recently reported

by Dardenne et al. (1994) that cells of the human imune system
and hematopoietic tissues including thynus, bone marrow and
peri pheral blood express high affinity receptors for PRL. These
data, along with those showng that the PRL gene is specifically

expressed in human T-cells, suggest that |ynphocyte PRL nay act

11



in an autocrine or paracrine fashion in both central and

peri pheral 1lymphoid organs.

In 1980, Horrobin reviewed the evidence that prolactin is a
regul ator of fluid and el ectrol yte metabolism in mammals. He cane
to the conclusion that this action of prolactin mainly involves
nodul ation of the actions of other agents. Prolactin receptors
are found in mammalian kidneys. PRL nodul ates renal cyclic AWM
formation and that of polyamines, and |eads to denpnstrable
hi st ol ogi cal changes in the proximl tubules. PRL also seens to
be able to cause a prolonged reduction in water, sodium and

pot assi um excretion.

The nost inportant role played by PRL is its control of
casein synthesis and regulation of the mammary gland and also its
ef f ect in mammary carcinogenesis. Wien PRL secretion is
chronically elevated, as in old female rats and sone strains of
mce, many pituitary and mammary tunors are present. However,
only normal levels of PRL are necessary for developnent of
carci nogen-induced mammry tunmors in rats and mce. Duri ng
reproductive life, PRL secretion is elevated during postpartum
| actation, galactorrhea, and during chronic administration of
neurol eptic drugs. This may result in suppression of gonadotropic
hornone secretion and cessation of estrous and nenstrual cycles
(Meites, 1988). In general, PRL is essential for initiation and

mai nt enance "of | actati on.

Prol actin-secreting pituitary tunors (prolactinomas) are the

12



most comon type of pituitary tunor in rats, mce and humans, and
are associated with an increase in PRL secretion. Chroni c
adm ni stration of estrogens induces pituitary tunors in rats. The
principal role of PRL in mammary tumorigenesis is to sensitise
the glands to carcinogenic agents by constantly stinulating

manmary mt osi s.

In 1975, Richards reported an increase in ODC activity in
various organs of fenmale rat upon treatnment with prolactin. 1In
young male rats an optinmal dose of 3 ng per rat induced renal ODC
activity which peaked at 2.5 hours after injection. In fenuales,

the induction varied with age, being highest in unweaned rats.

In 1980, Levine et al. showed that renal ODC activity is
| ocated primarily in the medulla, and ODC in both renal nmedulla

and cortex is sensitive to GH and ACTH-stimulation. Hurley et al.

(1980) injected fetuses in wutero wth 100 pug of various
prolactin, GH and placental [|actogen (PL) preparations and
nmonitored ODC in liver, heart and brain, at various tine

intervals. Their results indicated that ovine PL has somatotropic
effects in the fetus, and that rat |iver ODC becones responsive

to GH and PRL in the perinatal period.

Russell et al. (1984) in their studies on one nonth old
female rats, showed that 107’'M PRL resulted in a two-fold
el evation of ODC activity within 2h of injection, wth peak
activity at 6h post-injection. The activity then declined by 8h.

10"°M PRL caused maximal stinulation of ODC activity at 6h in

13



liver and kidney. They concluded that the ability of PRL to
i nduce ODC activity in a variety of tissues in hypophysectomised
rats suggests that it may be a direct induction effect and not
nerely a secondary effect of PRL action. Later, Buckley et al.
(1986) showed that even a low dose (5.5 mg/kg body weight) was
able to stimulate hepatic DNA synthesis in both male and fenale

rats, adult and weanli ng.

Gonzalez et al. (1991) carried out sonme experinents in PRL-
deficient Ames dwarf mce (df/df) to assess the effect of
hyper prol actinem a on various functions. The mce were inplanted
with two pituitaries each, sone were castrated, gi ven
t est ost erone pr opi onat e (TP) and i npl ant ed, somne wer e
sham operated and the last group was castrated and given TP. It
was found that hyperprolactinema produced an increase in ODC
activity in semnal vesicle and liver, and also polyam ne |evels.
There was al so an enhancenment of plasma FSH levels in both intact

and castrated, TP-treated mce inplanted with pituitaries.

The Nb, node lymphoma cell line is a good system in which to
study the role of PRL in cell proliferation as it requires PRL
for growth. Russell et al. (1987) found that PRL to be present in
the culture nmedium for a mninmum of 3 to 6 hours to invoke a
maxi mal effect on mtogenesis. They also found that products of
the |ipoxygenase pathway may contribute to the nechanism of
PRL-stimulated mitogenesis. Inhibitors of protein kinase C (PKQC

and phospholipase A, and C activities blocked the PRL-stimulation

of ODC and mitogenesis. This suggested a role for PKC in the

14



coupling of PRL receptors to the stimulation of ODC activity and

mitogenesis in Nb, lymphoma cel | s.

In 1990, Yu-Lee reported that in the Nb,, | ynphoma cell [ine,
the growth-related genes c-myc, oDC, B-actin and a hsp 70
homologue, W th rapid but different kinetics, primarily at the
transcriptional level. ODC stinulation was naxinmal 1h after
treatnment and rermained elevated at 4h. ODC nRNA accunul ation
| agged behind ODC gene transcriptional induction by |Ih and showed
a 5-fold induction at 8h. This was the first report that ODC nRNA

| evel s are regul ated by PRL.

Crowe et al. (1991) Ilater showed that PRL activates PKC and

stinmulates growh-related gene expression in rat liver, in a
dose-dependent manner. In nmale rats, ODC nRNA expression was
essentially low in liver from control animals , but rapidly
increased with tinme on PRL treatnent. ODC nRNA |evels also

responded in a dose-dependent manner to PRL. PRL adm nistration
caused an elevation in liver diacylglycerol |evels, whi ch
paralleled an increase in particul ate-associated PKC activity.
Prolactin was shown to play a significant role in the regulation
of DNA nethylation in the liver and kidney of adult and inmmture

rats (Reddy and Reddy, 1990).

Despite a large anount of work having been carried out on
prolactin's effects, its regulation and its nechani sm of action,
no single nmechani sm has been pinpointed as yet. It was suggested

in 1980 by Rillema that once PRL binds to its plasm nmenbrane
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receptor sites, its subsequent actions may involve one or nore of
the follow ng: increased intracellular concentration of potassium
and decrease of sodium increased cGW |evel, enhanced rate of
prost agl andi n bi osynt hesi s nedi at ed by a stimulation of
phosphol i pase A activity, and a stimulation of polyamine
synthesis. It has also been shown that the actions of prolactin
require the presence of <calcium ions in the extracellular

envi ronment .

In studies on the induction of mlk protein gene expression
by prolactin, Bayat-Sarmadi and Houdebine (1993) wused various
protein kinase inhibitors and concluded that a Serine/ Threonine
ki nase which is not protein kinase C , and possibly a tyrosine
kinase is involved in transduction of the prolactin nessage from
the receptor to the mlk protein gene. Rui et al. (1992) showed
evidence for rapid tyrosine kinase activation on PRL receptor
triggering, and Rillema et al. (1992) showed that there is a rapid
stinmulation of tyrosine kinase activity by PRL in Nb2 1lymphoma
cells. It was recently reported by David et al. (1994) that
treatnent of Nb2 rat |ynphoma cells with PRL activates a |atent
protein factor, <causing it to bind to an enhancer in the
interferon regulatory factor 1 gene. This enhancer is required
for IFN-y-activated expression of the gene. In addition, PRL also
i nduced tyrosine phosphorylation of Jak2, a tyrosine kinase

required for IFN-y-activated gene expression.

Many reports have linked various actions of PRL with the

activation of protein kinase C. In 1988 Buckley et al. found that
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PRL activated PKC several hundredfold within minutes of addition
to rat liver nuclei. It was also found that hepatic PKC was
rapidly translocated to the hepatic nenbrane, and it was
suggested that rapid activation of PKC may be an internediate
step in the hepatotrophic responses stinulated by PRL (Buckley et
al., 1987). Subsequently Russell et al. (1987) found that in Nb?
node |ynphoma cells, PKC plays a role in the coupling of PRL
receptors to the stimulation of ODC activity and mitogenesis. In
rat aortic snmooth nuscle, PRL activated PKC in a dose-dependent
manner and this action was blocked by H-7, a PKC inhibitor. The
aut hors suggested that PKC has a role in the signal transduction
pat hway for PRL action, and this activation may be involved in

vascul ar snmpboth nuscle function.

It was recently found by Meyer et al. (1992) that the cell
proliferation-linked protein stathmin in Nb., |ynphoma cells is
phosphorylated in response to PRL-stimulation, but PKC does not
medi ate this response. They have suggested that phosphoryl ation
of stathmn and stathmin-like proteins nmay nediate sone actions

of prolactin in these cells.

In 1993, Rao et al. found that in Nb, | ynmphoma cells, the
PRL receptor is constitutively expressed in both nucleus and
menbr ane/ cyt osol conpartnents. Addition of PRL stinmulated rapid
internalization, and translocation of the hornobne to the nucl eus;
this was ATP-dependent and reversible. Their results indicate
that an early event coupled to the mtogenic action of PRL in Nb2

cells is transport of the hornmone to the nucleus during the G1
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and S phases and they suggest that in the nucleus, PRL bound to
its receptor may directly influence gene transcription. Recent
studies by the sanme group showed that PRL stinmulated rapid
tyrosi ne phosphorylation of mitogen-activated protein (NAP)
ki nase. The phosphoryl ated MAP ki nase translocated to the nucl eus
in a manner identical to that found for PRL. They have suggested
a possible interactive mechanism whereby PRL, acting via the
nuclear PRL receptor, together with MAP kinase, nmay regulate
transcription of genes involved in the proliferative response

(Buckley et al., 1994).

Koduri and Rillema (1993) concluded from their studies using
cholera and pertussis toxins to study the prolactin-stimulation
of lactose synthesis and ODC activity in nouse manmary gl and
explants, that a G protein, but not G, nmay be involved in

prol actin's nmechani sm of stinulation.

It has been shown that phospholipase C and arachi donic acid
enhance the mtogenic effect of PRL on the Nb., cell line, and the
data obtained are conpatible with a possible involvenent of PKC
in the PRL-stimulation of mitogenesis (Ofenstein and Rill ens,
1987). It was also found by Manni et al., (1986) that the
pol yam ne pathway seens to play an essential role in the
expression of autocrine control of tunmor growth by PRL in mammary

tunor cells in culture.

GROMH HORMONE AND | TS ACTI ON
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Gowh hormone (G is another anterior pituitary hormone
that influences ODC |evels in various tissues. This hormone plays
a central role in the regulation of post-natal mamralian grow h.
GH has been shown to directly stimulate in vitro erythrol eukem a
cell proliferation (Golde et al., 1978) and synthesis of nucleic
acids and proteins (Desai et al., 1973). Mny actions of GH, such
as on skeletal growt h, are indirect and are nediated by
insulin-like gromth factor (I1GF). GH has been shown to directly

regul ate 1GF-1I production in liver cells as well as other cells

in culture (Mathews et al., 1986). Oher direct effects of H
include the regulation of cytochrone 13—4501‘“(? by liver cells
(Toilet et al., 1990), as well as glucose transport and gl ucose-

nmet abol i sm in adi pocytes.

In preadi pocytes, GH is necessary for the initiation of the
differentiation program for the cells to becone responsive to
IG-1 and for its mtogenic effect (Geen et al., 1985). Rapid
effects of GH in these cells include induction of c-fos and c-jun
transcription (Qurland et al., 1990). A simlar effect of GH on
precursor cells exists in other tissues |ike adipose tissue,

nuscle and cartil age.

Prenatal somatic growh seens to be largely independent of
GH Binding of GH to liver nmenbranes from calf, lanb and rat is
mninmal before birth and increases gradually during the first
weeks of postnatal |ife (Maes et al., 1983; duckman et al.,

1983) .
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Recent evidence has shown that GH, like PRL, is involved in
immunoregulation. Renoval of the pituitary leads to reduced
anti body production, dimnished skin sensitivity to toxic
substances and adjuvant arthritis, and prolonged skin allograft
survival (Nagy and Berczi, 1978). Genetic dwarf nice nodels
lacking G4 and PRL in their pituitary have atrophied thymus and
lymphoid tissue, and a depletion of bone marrow (Baroni, 1967).

GH stinmulated erythropoiesis in |ynphocytes (Golde and Bersche,

1977) . It has also been shown to influence cytotoxic |ynphocyte
lysis (Snow et al., 1981). The direct production of GH by nornal
| ynphocyt es has al so been noted (Hartmannet al., 1989).

GH appears to be required for the expression of late
differentiation-specific genes, as denonstrated in 0b1771
preadi pocytes (Doglio et al., 1986). In the sanme cells, CH has
al so been show to trigger IGF-I gene expression, nodulate the
expression of the lipoprotein |ipase gene, transiently increase
c-fos gene expression, stinulate the formation of diacylglycerol

2+

and to be unable to affect intracellular Ca | evel s (Catalioto

et al., 1990) .

G owth hornone was found to stinmulate rat hepatic spermidine
and putrescine synthesis (Janne et al., 1968), and this was found
to be due to GH-stimulation of ODC activity (Janne et al., 1969).
This stinmulation was independent of the adrenal g¢glands, and
maximal stinulation occurred at 4h after i njection. The

stinmulation in ODC activity was acconpanied by an increase of
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more than 100% in RNA polymerase activity.

Subsequently in 1971, Fausto showed that a single injection
of GH caused an increase in liver ODC activity, and this effect
could be blocked by puromycin and actinomycin D. Ovine GH or
hydrocorti sone were shown to rapidly increase ODC activity in rat
kidney; this activity peaked at 3 to 4 h post-injection and
returned to basal levels by 8h (Brandt et al., 1972). Simlarly,
in 1971, both Richman et al. and Russell and Lombardini reported
GH-stimulation of hepatic ODC |levels. The former group found that
t hough adrenalectomy had no ef f ect on 0D 6 activity,
hypophysectomy caused basal ODC activity to decline. Levine et
al. (1973) showed that GH stinulates adrenal ODC activity, and
when given along with ACTH, there is a synergistic stinulation.
In neonatal rat brain and liver, bovine GH and PRL stinulated ODC
activity. O these, bpPRL had only half the potency of bGH (Roger
et al., 1974) .

Sogani et al. (1972) showed that GH treatnent stimnulates
hepatic and renal ODC activity in hypophysectom sed rats. ODC
activity was also stinmulated by GH in heart and thymus. Mirphy
and Brosnan (1976) denonstrated that the greatly increased I|iver
ODC activity observed after GH admnistration was localised in
the cytosol. The effect of stressful stinmulation on tissue
response to GH was studied in rat liver during forced exertion in
rats (Martih et al., 1989). CH was found to cause a 15-fold
increase in ODC activity in liver of resting rats; and forced

wal king of the rats enhanced this effect by about 60% nmore. The
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authors have suggested that tissue hypersensitivity to GCH

stinmulati on may be a consequence of forced exertion.

Very little is known about the early events that occur after
the binding of GHto its receptor. So far, no second nessenger of
GH has been positively identified.It has been suggested that a
novel tyrosine kinase or kinase activity may be associated with
the GH receptor in several cell types, including GHtreated
3T3F442A fibroblasts, human 1M9 |ynphocytes, rat H35 hepatoma

cells, and freshly isolated rat adi pocytes (Anderson, 1992).

It has also been suggested that protein kinase C could be
involved in the nechanism of action of GH. GH is able to
stinul ate phospholipase C activity in vitro with the production
of inositol tri phosphate and diacyl gl ycerol in Dbasol at eral

menbr anes of canine kidney (Rogers and Hamrer nan, 1989).

The stinulation of somatic growh by GH, including growth of
long bones, seens to be nediated via stinmulation of 1GF-1
(Behringer et al., 1990). GH appears to be necessary for

attai nnent of nornml |iver size.

In OB1771 nouse preadi pocyte cells, GH has also been shown
to stimulate the production of diacylglycerol by nmeans of
phosphat i dyl choli ne breakdown, involving a phospholipase C
coupled to the GH receptor (Catalioto et al., 1990). 1n isolated
hepatocytes, G4 and PRL are able to rapidly stinulate the

production of diacylglycerol (Johnson et al., 1990).



Further substantiation of the involvement of PKC is given by
Doglio et al. (1989) who showed that in 0B1771 cells, CH
stimulates c-fos gene expression by nmeans of protein kinase C
activation. This activation was thought by them to be due to a
phosphol i pase C-nediated hydrol ysis of glycerophospholipids other
than inositol phospholipids. GH is also known to cause acute
down-regul ation of rat |liver sonmatogenic receptors, in contrast

with its long-termstinmulatory effects (Maiteret al., 1988).

It has been recently shown that in oB1771 cells, c-fos

protein S I nvol ved in t he GH-mediated regul ation of
transcription of the I|ipoprotein |ipase gene in response to GH
(Barcellini-Couget et al., 1993). Anderson (1992) showed that in

3T3- F442A preadipocytes, physi ol ogi cal concentrations of H
induced a rapid and transient activation of mtogen-activated
protein kinase (NMAP kinase) and S6 kinase. Protein kinase C seens

to be involved in the nechani sm of action.

HORMONAL REGULATION | N THE TESTI S:

The devel oping mammualian testis is characterised by a high
rate of cellular growmh, nainly engaging precursors of somatic
cells and early spermatogonia at different tinme intervals during
testicular ontogeny. In conparison to other organs, the testis is
unique in that it is the only one in which neiotic divisions
occur, appearing first during early puberty. The adult testis is

also a site of intense mitotic cell proliferation, anong the nost
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rapid known in nmanmalian tissues. Although testosterone and
gonadot r opi ¢ hor nones are required for initiation of
spermatogenesis, there are a nunber of |ocal paracrine factors

whi ch also profoundly affect testis function.

While LH secreted by the pituitary 1is undoubtedly the
princi pal regulator of Leydig cell steroidogenesis, a number of
local growth factors are also involved. A testicular analog of
GhRH appears to stinmulate androgen production by Leydig cells
(Hsueh et al., 1981; Sharpe et al. , 1982). Specific receptors for
insulin and insulin-like growmh factors (Handelsman et al.,
1985), prolactin, arginine vasotocin-like factor and epidermal
growt h factor, glucocorticoids and catechol am nes (Cooke et al . ,
1982) have been identified on the surface of Leydig cells. VWile
PRL stinulates testicular steroidogenesis (Catt et al., 1980),
nost of the latter factors appear to decrease steroidogenesis.
The testis of several manmals contains |large concentrations of
t he neurohypophyseal hornmones oxytocin and argi nine vasopressin
(Nicholson et al., 1984; Kasson et al., 1985). Rf-endorphin (and
ot her pro-opiomelanocortin- derived peptides) production in rat
Leydig cells has been denonstrated and it wmy facilitate
testosterone secretion either directly as an autocrine effect or
via internediates (Bardin, 1984). A nunber of reports also
indicate that prostaglandins can directly inhibit LHinduced
st eroi dogenesis in dispersed rat Leydig cells (sairam, 1976). FSH
and testosterone regulate spermatogenesis through the Sertoli

cells (Steinberger, 1971).
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Both high gonadotropin and estrogen levels are known to be
inhibitory to adult testicular function including LH receptor
down-regul ati on and bl ockade of steroidogenesis. However, both of
t hese negative responses are mssing in fetal and neonatal testis

(Pakarinen et al., 1990).

Since ODC activity and gene expression are markers of cell
growh and proliferation, the testis is an ideal system in which
to study its hornonal regulation. The ontogenesis of ODC nmRNA and
enzynme levels in testis has been extensively studied. Alcivar et
al. (1989) found that in nouse testis, ODC nRNA |evels increased
substantially in enriched popul ati ons of pachytene spernmatocytes,
round spermatids and residual bodies isolated from mature testis,
as opposed to low levels observed in prepubertal nouse testis.
They also showed the distribution of ODC nRNA in both polysomal
fractions prepared fromtotal testis extract, suggesting that ODC

is translationally regulated in the nouse testis.

Kai pia et al. (1990) showed increasing ODC nRNA | evels during
prophase of meiosis wth highest Ilevels in Jlate pachytene
spermat ocytes and step 3-5 spermatids. They found three nol ecul ar
sizes of ODC nRNA, and the relative abundance of these wth
respect to one another differed in rat and nouse testis,
indicating a species di fference in the usage of t he
pol yadenyl ati on signals within the ODC gene. They also concluded
that the high levels of ODC mRNA in late pachytene spernatocytes
and early round spermatids suggest that polyamines nmay play an

inmportant role during late neiosis and early spermatogenesis.
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Weiner and Dias (1992) showed that rat testicular ODC mRNA
| evel s began to rise at 21 days of age, reaching maximal |evels

by 40 days. In contrast, ODC activity decreased with age.

ODC activity in the rat testis is regulated by a nunber of
vari ous hornones and growmh factors. FSH and LH have been shown
to affect ODC activity, and it was proposed that this action was
via cyclic AWP stimulation (Reddy and Villee, 1975). It has been
shown that prostaglandins (Midhubala and Reddy, 1980a; 1980b),
cat echol am nes (Madhubala and Reddy, 1981; 1983), gonadotropin
rel easi ng hornone (Midhubala and Reddy, 1982), and gonadotropic
hor mones (Madhubala and Reddy, 1985) stinulate ODC activity in
imature rat testis. Simlarly, arginine vasopressin (Reddy et

al., 1986) was al so shown to enhance testicular ODC activity.

Prolactin exerts a marked influence on the gonads, by
nodul ating the effects of gonadotropins (Kelly et a1., 1980).
Sonme main actions have been docunented: (i) stimulation of the
nunber of LH receptors in the testis during puberty, (i)
stinmulation of steroidogenesis, (iii) increase of HDL and LDL
binding in the corpus luteum, and (iv) regulation of the growth
of ovarian follicles. In humans, hyperprolactinemia caused mainly
by pituitary tunors is considered clinically to be one of the
maj or causes of sexual malfunctions such as inpaired |Iibido,
i mpot ence and mal e hypogonadism (Hoshino, 1988), leading to

infertility.

26



Zipf et al. (1978) found that maintenance of testicular LH
receptors is at least partially dependent on PRL and GH; these
hornones seem to act at different sites and by different
mechani smns. From their studies on the effects of PRL on
testicular regression and recrudescence in the golden hanster,
Bartke et al. (1980) concluded that in contrast to findings in
rats and mce, chronic hyperprolactinemia in the nmale hanster

does not inhibit gonadotropin rel ease.

The presence of PRL receptors in the interstitial
conpartment of the testis shows that PRL can act directly on the
testis and testicular steroidogenesis. In hypophysectomised rats,
PRL potentiates the effects of LH treatnent on testosterone
production and spermatogenesis. PRL also regulates the growth and
function of nmle accessory reproductive glands (Bartke et al. ,
1980). In addition to its effects on testicular LH receptors, PRL
can stimulate accurmulation of esterified cholesterol and the

activities of 36- and 178-hydroxysteroid dehydrogenases in the

testis (Bartke, 1980).

Dombrowicz et al. (1992) suggested that during puberty, PRL
stinulates testicular function by pronmpting multiplication and
differentiation of Leydig cells (acting at various steps of
steroi dogenesis and on tissue responsiveness to LH) and germ

cells.

Studies carried out by Park et al. (1993) indicate that the

rise in FSH after the prolactin-induced suppression of FSH and LH
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AIM AND SCOPE OF THI'S STUDY

The vast anpbunt of literature available on ornithine
decar boxyl ase and the polyamines has established their inportance
in the processes of growh and differentiation. Ornithine
decarboxylase is an inportant cellular marker of proliferation
and expression of the ODC gene is one of the wearly events
associated with stimulation by mitogens and growth factors like
hor nones. Recent reports indicate that expression of the ODC gene
IS necessary for transformation of sone cell types (Auvinen et
al., 1992), and it has been suggested that the ODC gene itself

My act as an oncogene.

The hornones prolactin and growh hornmone are known to exert
a mtogenic action on certain tissues, and hyperprolactinemia can
lead to the formation of sonme types of tunpurs. However, their
exact nmechanism of action in causing various effects have not
been satisfactorily elucidated. It was therefore of interest to
study the way in which these hornones affect ODC activity and
gene expression in some of their target organs, nanely the I|iver,

testis and kidney of the rat.



CHAPTER 2

MATERIALS AND METHODS



30

CHEM CALS;

Agar ose, bromophenol blue, cesium chloride, dithiothreitol

(DIT) , diethyl pyrocarbonate (DEPC), dextran Sulfate, ethylene

diamine tetraacetic acid (EDTA), ethidium brom de, gl ucose,
hyam ne hydr oxi de, 8- hydr oxy qui nol i ne, lysozyme,
2-mercaptoethanol, morpholinopropane sulfonic acid ( MOPS) ,

L-orni thine, quercetin, quinacrine, ribonuclease, sucrose, sodium
lauryl Sulfate (SDS), salnon testis DNA testosterone propionate,

tetracycline, Tris base and xylene cyanol FF, were obtained from
Signma Chemical Co., US A Ovine follicle stinmulating hornone,

ovine prolactin and bovine growh hornone were gifted by Nati onal

Hormone and Pituitary Program Baltinore, and NLADDK, Bethesda,

U S A

Bacto tryptone, Bacto agar, and Bacto yeast extract were
obtained from Difco Laboratories, U S A Guanidinium thiocyanate
was obtained from Fluka, Switzerland and Bio-Rex RG 501-X8
(20-50) resin was obtained from Biorad Laboratories, U S A Cene
Screen transfer nenbrane was purchased from NEN Research

Pr oduct s, U S A DL-14C—orn'ith'ine and nick translation kits

(N5500) were obtained from Amersham, U K a—32 P- dCTP was procured
from BARC, India. Al other chemcals were obtained locally and

were of analytical grade.

ANl MALS;
Rats derived fromWstar strain were used in all experiments. The
animals were housed in an air-conditioned room which was

mai ntained at a reginmen of 14h light and 10h dark cycles. They
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were given water and pellet diet ( H ndustan Lever Ltd.) ad

[ibitum.

HORMONE TREATMENT;

In the experinments using gonadotropi c hormones, FSH and HCG
were adm nistered by intratesticular injection of the rats under
mld ether anesthesia. The hornones were injected using nornmnal

saline as a vehicle, and controls were injected with only saline.

In the castration experinments, adult rats were castrated via
the scrotal route under mld ether anesthesia. Testosterone

propi onate was injected subcutaneously in 0.2 m of sesane oil.

Ovine prolactin was dissolved in 0.9% NaCl/ 0.1 N NaOH, and
the pH was adjusted to 7-8 wth Hcl. It was injected
intraperitoneally. Ovine growh hornone was dissolved in basic
saline, pH 11, and the pH was then adjusted to 9.5 with Hc1l. This

was also injected intraperitoneally.

ASSAY OF CDC ACTIVITY,

ODC activity was assayed according to the nethod of Janne
and WIIlianms-Ashman (1972) with a few modifications which were
standardised in our laboratory (Reddy et al., 1987). Rats were
killed by cervical dislocation. The tissues were dissected out
and honogenised in 2 vols of TED buffer (Tris 25 mV EDTA 0.1
m DIT 1 M pH 7.4) in a gl ass honogeni ser using a
notor-driven Teflon pestle. The honpbgenates were centrifuged

at 25,000 x g for 30 mn at 4°C, and t he resul t ant
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supernatants used for the assay. The assay mixture consisted
of 50 wumoles Tris-HO  (pH 7.4), 0.5 umoles unl abel | ed
or ni t hi ne, 2.5 umoles dithiothreitol, 0.1 wumoles pyridoxal
phosphate, 0.2 ucCi DL-(14C)—ornithine monochloride (300, 000
cpm and 200 p1 of the super nat ant from the tissue
honbgenate in a final volume of 500 ul. The reaction was carried
out in glass tubes fitted with rubber stoppers from which glass
center wells containing 200 w1 of hyamne hydroxide wer e
suspended. The tubes were incubated at 37°C for 60 minutes in a
nmet abol i ¢ shaker, after which the reaction was stopped by
injecting 0.5 mM of 10% TCA into the tubes through the stoppers.
The tubes were re-incubated for a further 30 min to ensure that
all the I|iberated co, was trapped. The center wells were removed
and placed in scintillation vials containing 10 nm of Bray’s

scintillation fluid (4 g PPO 200 ng POPOP, 60 g naphthal ene, 20

m ethylene glycol and 100 m nethanol nmade up to 1 litre wth
1,4-dioxane). The radioactivity was neasured using a Becknan
liquid scintillation counter. The ODC specific activity 1is
expressed as pmoles of 14CO2 | i berated per hour per ng protein.

The protein content of each sanple was neasured according to the

met hod of Lowy et al. (1951).

1 SOATI ON OF LEYDIG CELLS AND SEM NI FEROUS TUBULES:

Leydig cells and sem niferous tubules were isolated from rat
testis using the nethod of Moyle and Ramachandran (1973) wth
some modifications. Decapsulated testes from six to eight rats
were pooled and placed in 50 m stoppered centrifuge tubes

contai ning Krebs-Ringer bicarbonate buffer (0.5 ml/testis) pH
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7.4, 0.1% coll agenase, 0.1% bovine serum albumin and 10 nM
gl ucose. G utathione (reduced) was added to 1 mM The tubes were
i ncubated at 37°C for 30 mn in a netabolic shaker water bath,
after which 0.15 M NaO was added to double the volune of buffer

The tubes were inverted gently and kept at room tenperature for
15 m nutes. The turbid supernatant, which contained the Leydig
cells, was gently aspirated using a syringe fitted with a
pol ypropylene tube. Two m of 0.15 M NaCl was added to the
seminiferous tubules remaining in the centrifuge tube and kept
for 5 mn at roomtenperature; then the supernatant was aspirated
and pooled wth the Leydig cell fraction. This was repeated
thrice. The pooled supernatant was filtered through nylon gauze
and centrifuged at 100xg for 10 mn at room tenperature to

sedi ment the Leydig cells.

The semniferous tubules and Leydig cells were separately
honogenized in four volumes of TED buffer in an all glass
honmogeni ser and centrifuged at 25,000xg for 30 mn at 4°C. The

supernatants obtained were used for the assay of ODC activity.

| SOLATI ON OF RNA

RNA was isolated according to the nethod of Cchomczynski and
Sacchi (1987). All gl asswar e was treated W th 0. 1%
di et hyl pyrocarbonate (DEPC) for two hours and then baked at 220°C
overni ght before use. Reagents were prepared in sterile RNase
free water and autoclaved or filter-sterilised. Polypropylene
centrifugation tubes, Eppendorf tubes, and micropipette tips were

soaked overnight in 0.1% DEPC, dried and autocl aved before use.
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The rats were killed by cervical dislocation and the tissue
was inmmediately mnced on ice and honogenised (at room
t enper at ure) wth 10 vol unmes of Sol ution D (4 M
guanidinium isothiocyanate, 25 nM sodium citrate, pH 7, 0.5%
sar cosyl , 0.1 M 2-mercaptoethanol) in a gl ass- Tefl on
homogeniser, and then transferred to a polypropyl ene tube.
Sequentially, 0.1 vol of 2 M sodium acetate, pH 4, 1 vol of
phenol (water saturated), and 0.2 vol of chloroform : isoanyl
al cohol mixture(49:1) were added to the honpgenate, W th
thorough mxing by inversion after the addi ti on of each
reagent. The final suspension was mxed vigorously for 10s
and cooled on ice for 15 mn Sanples were centrifuged at 10, 000xg
for 20 mn at 4°C. After centrifugation, RNA was present in the
aqueous phase, while DNA and proteins were present in the
i nterphase and organi c phase. The aqueous phase was transferred
to a fresh tube, an equal volunme of isopropanol was added and the
tube placed at -20°C for 2h to precipitate RNA. RNA was pelleted
at 10,000 x g for 20 min at 4°C and the resulting RNA pellet
was dissolved in 0.3 vol of solution D, and reprecipitated wth
equal vol of isopropanol for 1h. at -209C. After sedinentation
at 10,000xg for 10 mn at 4°C, the RNA pellet was transferred to
an Eppendorf tube, washed once with 75% ethanol, vacuumdried,
and dissolved in an appropriate volune of deionised formamide
(Chomczynski, 1992). The RNA sanples were stored at -70°C until

further use.

QUANTITATION CF RNA The purified RNA from wvarious

ti ssues was estimated spectrophotonetrically usi ng a
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Shimadzu spectrophotometer. Absorption readings were taken at
260 and 280 nmin a standard 1 cm length quartz cuvette using
appropriate blanks. The ratio between the readings at 260 and

280 nm ( op... / oD,,.) was between 1.8 and 2.0.

PREPARATI ON OF DOT BLOTS;

30 ug of total RNA were |oaded per well of a Schleicher and
Schuell minifold SRC 96D dot blotting apparatus. 30 ug of total
RNA and sanple buffer containing 50% formam de, 0.01 M phosphate
buffer and 6.5 M fornmal dehyde were diluted to a final volune of
40 pl1 with water, the mixture was incubated at 55°C for 15 nin
and then imrediately chilled on ice. The Gene Screen nylon
menbrane was soaked in water for 15 mn prior to putting it on
the manifold. The denatured sanples were l|oaded into the wells,
kept for 30 min and then a slight suction was adm nistered for 30
seconds. The"* nenbrane was then renoved and air-dried before
baking at 80°C for 2 h. After baking, the blot was stored in a

pol ythene bag in an airtight container at 4°C until use.

NCRTHERN BLOTTI NG

Agarose gel el ectrophoresis of the RNA sanples was
carried out on a 1% agarose gel containing 2.2 M formaldehyde.
1.5 g of agarose were dissolved in 93 mM of RNase-free water by
boiling until clear and cooled to 60°C. Thirty m 5X fornal dehyde
gel running buffer [0.1 M 3-(N-morpholino) propanesulfonic acid
( MOPS) , pH 7.0, 40 nM sodium acetate, 5 nmM EDTA, pH 8.0 ] and 27
m 37% formal dehyde were added. After stirring well, the gel was

poured onto a standard slab gel el ectrophoresis plate fitted
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with a conb of required size and allowed to set for at |east 45
mn RNA samples were denatured as follows: To 30 pg of RNA in 15
pl of formamide, 5.25 ul of 37% formal dehyde and 3.0 pl 5X MOPS
were added and the volunme made to 30 wml with water. The tubes
were incubated at 65°C for 15 nmin and inmrediately chilled on ice.
3 ul of sanple buffer (50% glycerol, |InmM EDTA pH 8.0, 0.25%
bromophenol blue , 0.25% xyl ene cyanol) were added before | oading
the sanples onto the gel. The gel was pre-run at 50 volts for 5
mn before loading the sanples. Electrophoresis was carried out
in 1X formal dehyde gel running buffer at 3-4 volts/cm. until the
bronophenol blue front mgrated approximately 10 cm The buffer
from each reservoir was collected, mxed and returned to the
apparatus after every 1-2 hours during the run. After
el ectrophoresis, the marker |lane was excised carefully, the gel
was rinsed in water and then incubated in 20X SSC for 45 mn at
room tenperature with gentle agitation. Transfer of the RNA onto
Gene Screen nylon nmenbrane was carried out overnight wusing the
capillary blotting technique, wth 10 X SSC as the transfer
buffer. After blotting, the filter was air-dried and baked at
80°C in a vacuum oven for 2 hours, and stored at 4°C until
hybri di sation. Equal loading of RNA sanples was checked by

staining with ethidium broni de.

AMPLI FI CATION OF THE ODC PLASM D:

The probe used in all hybridisation experinents was a 1692
bp ODC cDNA insert in pGem 3zf(-) plasmd vector which was a
kind gift fromD. A E. Pegg. This insert included 59 bp of the

5’-nontranslated region, the entire coding sequence and 240 bases
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of the 3’- nontranslated region. The plasmd was amplified after

transformation of E. coli cells as foll ows:

Transformation:

E. coli (DH 5a) cells were first made conpetent. A snall
clunp of cells was transferred from the frozen stock and grown
overnight on an LB-agar plate at 37°C The next day, a single
colony was picked up from the plate and grown in an overnight
culture in 10 m of LB nmedium
(Bacto-tryptone 10 g/1, Bact o-yeast extract 5 g/1, sodi um
chloride 10 g/1, pH 7.5 ). Two m of this culture was then
inoculated into 40 m of LB medium and allowed to grow till its
Ago, Was 0.5. The cells were cooled on ice for 15 mn and then

centrifuged at 875 x g for 12 mn at 4°C. The pellet was then

suspended in 0.5 volunmes of ice cold 50 nmM cacl., and vortexed

L

briefly. The suspension was kept on ice for 20 mn and
re-pelleted. After renobving the supernatant conpletely, the
pell et was resuspended in 0.1 vol 50 nmM cacl~ and kept on ice for

75 mn

Transformation of these conpetent cells was carried out as
follows: to about 20 pl1 of conpetent cells in an Eppendorf tube,
about 10 ng of the plasnm d was added and m xed well. The tube was
left for 30 mn on ice. The cells were then subjected to heat
shock at 42°C by placing the tube in a water bath for 45 seconds.
The tube was imediately cooled on ice, and 80 ul of SOC was
added at room tenperature ( SOC is 20 g/1 Bacto-tryptone, 5 g/1

Bact o-yeast extract, 10 nM sodium chloride, 2.5 nM potassium
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chloride, 10 rrMMgc12.6H20, 10 mM Mgso,.7H,0, and 20 nM gl ucose).

2
The tube was shaken at 225 r.p.m. at 37°C for 30 nin in a water
bath. The tube was then centrifuged, the supernatant discarded,
and the pellet re-incubated in 100 pl LB nedium for 30 min at
37°C . 100 pl aliquots of the cell suspension were then streaked
onto LB antibiotic plates (LB medium containing 15 g/1 bact o-agar
and either 35-50 My/m ampicillin or 12.5-15 My/m tetracycline,
poured onto petri plates and set). The plates were allowed to dry

for 30 mn at room temperatureand then incubated at 37°C in a

bacterial incubator for 16-18h.

Amplification:

One colony of transforned cells was picked up from the LB
anpicillin plate, and added to a tube containing 10 mi of LB
medi um (containing the sane antibiotic). This was grown overni ght
at 37°C. The next day, 25 m of the LB-antibiotic medium was
inoculated with 0.1 m of the overnight culture and incubated at

37°C with vigorous shaking till its 0.D..4 reached 0.6 (the late

0
|l og phase). This 25 m culture was then inoculated into 500 m of
LB-antibiotic medium which had been pre-warmed to 37°C, and
incubated with vigorous shaking for 2.5 hours. Chloranphenicol
was then added to a final concentration of 170 ng/1l, and the
flask was incubated at 37°C with vigorous shaking for a further

12-16 hours.

Harvest and |ysis of bacteria:

The cells were harvested by centrifugation at 4000 x g for

10 mn at 4°C and the pellet was washed in 100 ml of ice-cold STE
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(0.1 M NaCl, 10 nM Tris-cl pH 7.8, 1 nmM EDTA). The pellet was
then resuspended in 10 m of Solution I (50 nM glucose, 25 nM
Tris-C pH 8.0, 10 nM EDTA) containing 5 ng/m |ysozynme and kept
at roomtenperature for 15 mn 20 m of Solution Il (0.2 N NaOH,
1% SDS) were then added , the contents of the tube m xed gently
by inversion, and allowed to stand on ice for 10 min 15 m of an
Ice-cold solution of 5 M potassium acetate (pH 4.8) were then
added, mxed by inversion, and kept on ice for 10 mn The
suspension was centrifuged in a swing-out rotor at 20,000 r.p.m
for 20 min at 4°C. The supernatant was divided between two corex
tubes, the plasmid DNA was precipitated by addition of 0.6 vols
of isopropanol, and kept at room tenperature for 15 mn The DNA
was recovered by centrifugation at 12,000xg for 30 mn at room
tenperature. The pellet was washed once with 70% et hanol, briefly

vacuumdried, and dissolved in 8 m of TE buffer (pH 8.0.) .

Purification of plasm d DNA

The <closed circular plasmd DNA was then purified by
centrifugation to equilibrium on a GCesium chloride-ethidium
brom de gradient as described by Sambrook et al. (1989). Ei ght
grams of solid cesium chloride were added to 8.0 m of DNA
solution and mxed wuntil dissolved. Then 0.8 m of ethidium
bromde (10 ng/m) was added for every 10 nl of the solution.
This was ultracentrifuged in a Beckman vertical rotor (VIi 80) at
354,000 x g (70,000 r.p.m.) for 5.5h at 20°C. The plasm d band
obt ai ned was renoved using a syringe and extracted with n-butanol
to renove ethidium brom de, dialysed against several changes of

TE pH 8.0, at 4°C and precipitated with 0.1 vol 3 M sodium
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acetate (pH 5.2) and 2 vols chilled absolute ethanol. The pellet
was Vacuum dried and dissolved in TE pH 8.0 at a concentration of

1 pg/ul and stored in aliquots at -20%° until use.

HYBRI DI ZATI ON OF BLOTS:

Nick Transl ation:

The probe was | abelled with 32P-dCTP by nick translation as
follows:

The plasmd was incubated for 90 mnutes at 16°C with a

ni cki ng enzyme (DNase ), o

P-radiolabelled CTP, free
unl abel I ed ot her nucl eoti des and DNA polymerase for nick
translation. After the reaction, the m xture was passed through
a spun colum of Sephadex G 50 equilibriated in STE buffer, to
separate the free radiolabelled nucleotides. The radiolabelled
plasm d was collected in an Eppendorf tube and precipitated with
1 pug carrier DNA, 0.1 vols 3 M sodium acetate , pH 5.2, and 2
vols isopropanol overnight at -209. Before use, the |abeled
plasm d was pelleted down by centrifugation at 12,000xg for 5 nmin
at 4°C, rinsed with 70% et hanol, vacuum dried and di ssolved in TE

buffer (10 mM Tris, pH 8 1 mM EDTA). The counts per ul wer e

checked using a liquid scintillation counter.

Just before hybridisation, the probe was denatured by adding
0.1 volume of 3 N NaOH was added, vortex m xed, kept for 5 mn at
37°C, mxed again and imrediately added to the hybridisation

sol uti on and mixed.
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Hybri di sati on:

The pre-hybridisation solution consisted of 5X SSPE, 5%
Sodi um dodecyl Sulfate, 30% deionised formamide, 10% dextran
Sulfate and 100 fig/mh denatured salnon sperm DNA. The blot was
placed in a polythene bag, 10 ml ofthe above solution was added,
all air bubbles renoved, and the bag sealed. The blot was
pre-hybridised by placing the bag in a shaking water bath at
42°C for at least 6h. The radiolabelled probe was then added
along with 100 pug/pul denatured salnon sperm DNA, and the bag
re-sealed. Hybridisation was carried out for 18 to 20 hours at
42°C with constant shaking. The blot was then washed with 2X SSPE
/| 1% SDS twice or thrice for 15 mn each at 42°C, then at 55°C
for 15 mn, and with 1x SSPE / 0.1% SDS at 55°C for 15 mn. The
blot was then autoradiographed wusing intensifying screens

(Lightning Plus, Dupont, U.S.A).
Al'l  autoradiograns were quantitated by |aser densitometry
(Zei neh SRL-TRFF, Biomed Instruments Inc., U.S.A. ). The data are

eexpressed as relative percent of maximal expression.



CHAPTER 3

REGULATION OF ORNITHINE DECARBOXYLASE
BY PROLACTIN
IN THE KIDNEY AND LIVER OF RAT



42

Prol actin has been nost widely recognised for its |actogenic
properties and its role in the regulation of mammary function.
However, in the course of studies involving this hornone, it has

been shown that PRL has nany diverse effects in various tissues.

In addition to its mammotrophic properties, it is involved in
functions such as growt h pronoti on, osmoregulation,
immunomodulation, liver m t ogenesi s and bl ood pressure
regulation. PRL is an inportant trophic hornone in rat |Iliver.

Adm ni stration of PRL induces hepatic ODC activity, DNA
synt hesi s, hyponethylation of DNA and causes hepatonegaly.
Manmal i an ki dneys contain receptors for PRL. Mile rat kidneys
have been shown to have a higher nunber of PRL receptors than
those of fenmale rats. PRL nodul ates renal polyamine and cyclic
AWP formation. PRL also triggers the expression of genes which
encode grow h-rel ated proteins such as insulin-like growth factor

and Nb29, a 70 kDa heat shock protein-like nolecule.

Prolactin induction can be exerted at nmnultiple Ilevels
followng PRL-binding to cell surface receptors, but neither the
intracellular signalling pathway(s) nor the mechanism is known.
It has been denonstrated that induction of mlk protein gene
expression by prolactin is effected via a serine/threoni ne kinase
and possibly a tyrosine kinase. Various studies have inplicated
protein kinase C activation as a possible mechanism via which
sone of the actions of PRL are nediated. Various other mechani sns
like stathmin phosphorylation, stinmulation of a G protein which
., and even a direct translocation into the nucleus of a

is not G
S

PRL-r ecept or conpl ex to causi ng di rect stinulation of
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transcription, have been suggest ed.

In this study, an attenpt has been nmade to investigate the
mechanism by which PRL influences ornithine decarboxylase

activity and gene expression in the liver and kidney of rat.

MATERI ALS AND METHODS:

The general methods used have been described in Chapter 2.
Al the experiments in this chapter involved the use of adult
mal e rats of 300-350 g. body weight. The rats were castrated via
the scrotal route under mld ether anesthesia, and were used 4 to

5 days after castration.

Ovine prolactin was dissolved just prior to use in 0.9%
sodium chloride/ 0.1 N NaOH, and the pH was adjusted to 7.5. The
dose of PRL used throughout was 5.5 ng/kg body weight, and
injections were admnistered intraperitoneally in 200 ul of the

vehicle. Controls were given an equal volunme of vehicle al one.

Actinomycin D was given intraperitoneally at a dosage of 6
ng/ kg body weight, dissolved in ethanol/bMsOo (1:1). It was
injected 1h before admnistration of the hornone. Cycloheximide
was injected intraperitoneally at a dosage of 8 ng/kg body
weight, |h before the rats were killed. Quercetin dissolved in
ethanol was injected intraperitoneally at a dosage of 10 upmoles
or 100 pmoles/kg body weight; 15 minutes before injection of PRL.
Qui nacrine was injected intra peritoneally at a dosage of 200

umoles,/ kg body weight, 15 mnutes before injection of PRL.
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The processing of tissue , RNA isolation and hybridi sation,

and ODC enzyne assay have been described in Chapter I1.

RESULTS:

The effect of a single injection of PRL on renal ODC
activity is shown in Table 1. The ODC activity increased wth
time and peaked at 4-6 hours after injection, after which it fell
slightly at 7h. The time course of induction of hepatic ODC
activity by PRL is given in Table 2. This followed a pattern
simlar to that shown by renal ODC, except that by 7h the
activity had declined to control levels. Also, the basal ODC
activity in control groups and the extent of induction by PRL was

greater in kidney than in the I|iver.

Fig. 1 shows the tine course of induction of renal ODC nmRNA
levels in response to PRL, as studied by northern Dblot
hybri di sation. ODC nRNA | evels peaked at 2h after injection, and
were lowered by 6h. An interesting observation was that in
orchi dectom sed rats, the induction of ODC nRNA was higher than
in intact rats. At 6h post-injection, ODC nRNA |evels were still
el evated as conpared to intact rats. |In subsequent experinents
castrated rats treated for 6h with PRL were used. Fig. 2 shows
the northern blot of ODC nRNA levels in liver in response to PRL.
Two peaks of high nRNA levels were seen, at 1h and 6h after

injection. By 7h after injection, the nRNA |evels had decli ned.

The effect of sinmultaneous injections of testosterone
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propionate (TP) and PRL on renal ODC activity is shown in Table
3. At 6h post-injection, the ODC activity was elevated
consi derably beyond the activity seen in groups treated with PRL
or TP alone. The effect of the same treatment on ODC nRNA |evels
is shown in Fig. 3. It was seen that at 6h after injection, ODC
NMRNA | evel s are considerably reduced as conpared to those of the

groups treated with TP or PRL al one.

Table 4 shows the effect of pre-treatment wWith actinomycin
D, a transcription-blocking agent, on PRL induction of renal ODC
activity. It was observed that the ODC activity was totally

suppressed by actinomycin D.

The effect of pre-treatnent wth actinonycin D on PRL
i nduction of renal ODC nRNA levels is showmn in Fig. 4. ODC nRNA
| evel s were suppressed by the presence of actinomycin D to about

40% t hat of groups treated with PRL al one.

The ef f ect of t he protein transl ation i nhi bi tor
cycl ohexi mde on ODC activity in PRL-treated kidney is given in
Table 5. Rats were given PRL 6h prior to sacrifice and
cycl oheximde 1h prior to sacrifice. Cycloheximde treatnent was
seen to conpletely abolish the induction of ODC activity by the
hor mone. The same treatnment caused an increase in ODC nRNA |evels

in the group treated with both PRL and cycl oheximde (Fig. 5).

The effect of simlar cycloheximde treatnent on ODC

activity in liver is shown in Table 6, where it can be seen that
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the activity is totally abolished as in the case of the Kkidney.
Simlarly, as shown in Fig. 6, an increase in ODC mrNA |evel s was

seen in the group treated with both PRL and cycloheximide.

Quercetin, a protein kinase C inhibitor, when adm nistered
just prior to PRL caused alnost total blockage of PRL-induction
of renal ODC activity, as shown in Table 7. A |ower dose of 10 umM
quercetin slightly inhibited ODC activity, whereas the higher
dose of 100 uM caused a nuch higher level of inhibition. However,
as showmn in Fig. 7, there was no inhibition of ODC nRNA

expression by quercetin.

Tabl e 8 shows the effect of quercetin on liver ODC activity.
In this case too, pre-treatment wWith quercetin totally inhibited

PRL-i nduced ODC activity.

Table 9 shows the effect of a phospholipase inhibitor,
qui nacrine, on the PRL-induced ODC activity. Pre-treatnent wth
gquinacrine, like that with quercetin, inhibited the ODC activity.
This effect was nore pronounced in the liver (Table 10) than in
the ki dney. In the kidney, qui nacrine treatnment caused a
pronounced increase in PRL-treated ODC nRNA levels (Fig. 9) . A

simlar effect, however, was not observed in the liver (Fig. 10) .
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DI SCUSSI ON:

The rapid and transient nature of ODC induction by mitogens
associates it with growh regulatory phenomena. |In any given
system in which ODC activity can be nmade to change, those changes
may be dependent to a greater or |lesser extent on alterations in
NMRNA | evels. In sone cases (Feinstein et al., 1985) it was shown
that changes in ODC nRNA and enzymatic activity are simlar in
timng and in extent, whereas in others, the magnitude of
induction of activity exceeded that of nRNA (Katz and Kahana,
1987) .

Vari ous hornones have been shown to nmodulate ODC activity in
the liver and kidney as well as other tissues. These include
par at hyroi d hornone, calcitonin, vasopressin, d-aldosterone and
L-triiodothyronine which increase renal ODC activity (Aragona et
al, 1976). Prolactin has been shown to increase ODC activity in
various tissues including mammary gl and, liver, Kkidney, brain and

testis. Prolactin also regulates various cellular functions.

The present study shows that both ODC enzyne activity and
NMRNA | evels are regulated by prolactin in the liver and kidney of
male rats. Previous studies have all involved usage of large
doses of the hormone (~ 22 ng/kg body weight) . In 1986, Buckley
et al showed that a dose of 55 ng/kg body weight was able to
stinulate rat hepatic DNA synthesis. Subsequently it was shown
that the sane dose of PprL caused significant hyponethylation of
DNA in both the liver and kidney of rat (Reddy and Reddy, 1990).

This study shows that the sanme low dose of PRL significantly



48

increases ODC activity and nRNA levels in these organs. Asingle
injection of PRL induced both ODC mrRNA levels and enzyne
activity; however, the extent of induction of activity was by far
the greater, and the peak of enzyne activity |agged behind that
of the nRNA levels. An interesting observation was that in
castrated rats, the basal ODC activity in kidney was higher than

that in intact rats.

The extent to which PRL induction of renal ODC activity took
pl ace was greater in intact than in castrated rats. However, ODC
NMRNA levels in PRL-treated castrated rats were higher than in
PRL-treat ed i ntact rats. Thi s could i ndi cate a
post-transcriptional level of regulation in castrated rats. It
al so suggests a possible antagonistic effect of testosterone on
renal ODC induction by PRL. It has been observed by Aragona et al
(1976) that in rat liver, there is an increased binding of PRL to
its receptors after castration, and that this effect is prevented

upon treatnment with testosterone.

In this study, when castrated rats were injected wth
testosterone propionate, PRL , or a conbination of both hornones
(Table 3) it was seen that at 6 h post-injection, groups
receiving both hornones had an elevated ODC activity as conpared
to that of groups treated with either one of the hornones.
Exami nation of the RNA levels showed that these were |owered at
6h in grdups given both hornones as conpared to those given
either hornmone alone (Fig. 3). The reason for this is not clear

but may possibly be due to some post-transcriptional effect of TP
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on PRL-i nduced ODC.

Pre-treatment with act.D, an inhibitor of transcription,
caused a decrease in renal PRL-induced ODC nRNA to about 40% t hat
of its level (Fig.4), and enzyme activity was totally suppressed.
This indicates that transcription is at least partially essential
for the action of PRL on ODC. actinomycin D has been reported to
cause superinduction of ODC in certain systens (Wallon et
al.,1990): however, no such effect was observed in the

experinmental nodel used here.

In kidney and liver, treatnent with PRL induced ODC activity
and increased nRNA |evels. Treatnent with the protein synthesis
i nhi bitor cycl ohexi mde caused a conplete decline in ODC enzyne
activity in both these organs (Tables 5 and 6) , indicating that
de novo protein synthesis is essential for the action of PRL on
ODC. The ODC nRNA levels in both these organs were seen to
increase slightly wupon treatnment wth cycloheximde plus PRL
(Figs. 5 and 6) . This is likely to be due to the block in

transl ati on.

The signal transduction nmechani sns linking prolactin
receptors to macronolecular synthesis are poorly understood.
Evi dence has suggested that the mtogenic signalling enzyne
protein kinase C (PKCQ is involved in nediating PRL action in
sever al tlarget tissues, including rat liver. The pathway can be
described briefly as follows: hornobne or mitogen binding to its

receptor stinulates the formation of diacylglycerol and inositol
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tri phosphate from Phosphatidyl inositol bisphosphate via the
action of a G protein and the enzyne phospholipase C.Protein
kinase C, in the presence of diacylglycerol, causes activation of
particular proteins by phosphorylation, leading to the cellular
response. The inositol triphosphate formed causes the rel ease of
calcium ions from the endoplasmc reticulum also adding to the
cellular response. The inhibitors used in this study, quercetin
and qui nacri ne, inhibit the enzymes protein kinase C and

phosphol i pase C, respectively.

It has been reported that in various tissues, PRL stimulates
PKC activity. In cultured nmouse mamary tissues, one of the
earliest actions of PRL is the stinulation of ODC activity. The
PKC inhibitor gossypol has been clearly shown to abolish the
stimulatory effect of PRL on ODC activity (Eindi and Rillema,
1987), as well as its effects on lipid synthesis and RNA and
casein synthesis. Therefore it is likely that at |east sone of

the actions of PRL may involve protein kinase C

In this study, quercetin, a PKC inhibitor known to have a
minimal effect on RNA synthesis, was used to assess the effects
of PKC inhibition on PRL-induced ODC activity in the kidney and
liver of male adult rats. It was seen that at 6h after injection,
100 ym quercetin alnost conpletely blocked the induction of ODC
activity by PRL in the kidney (Table 7) . In the liver, the sane
dose of QUercetin had an even nore dramatic inhibitory effect on
ODC activity. This indicated that in kidney and Iliver, the

stimulation of ODC activity by PRL is Ilikely to be via
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stinmulation of the protein kinase C pathway.

In Nb2 node Ilymphoma <cells, a cell Iline dependent on
externally added PRL for growth, PRL-stimulated ODC activity was
i nhi bited 95% by addition of 100 uM guercetin to the culture. The
PKC inhibitors, polymyxin B and tamoxifen also inhibit ODC

i nduction and proliferation in Nbo2 node lymphoma cells.

Protein ki nase C i's known to be activated by
di acyl gl ycerols. The latter can be generated by the action of
phosphol i pase C on phospholipids. CGrowe et al. (1991) showed that
in young nmale rats, PRL stinulated a dose-dependent induction of
hepatic c-nyc, ODC and g-actin mRNAs at 60 mnutes after PRL
adm ni stration. A dose of 22 ny/kg body weight of PRL increased

di acyl gl ycerol levels, followed by an increase in PKC | evels.

In rat hepatocytes, it has been shown that PRL-stimulated
alterations in PKC activity are pr eceded by enhanced
di acyl gl ycerol generation. In Nb, |ynphoma cells, quinacrine has
been shown to inhibit PRL-stinmulated ODC activity by alnost 95%
Simlarly, in nouse mammary gland explants, quinacrine inhibits
ODC induction stimulated by the addition of either phospholi pase

A2 or Cto the culture.

In this study, an attenpt was made to further confirm the
possi bl e ‘action of PRL via the protein kinase C pathway. The
phosphol i pase A, and C inhibitor, quinacrine, was admnistered in

conbination with PRL, to study the effect, if any. As shown in
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Tables 9 and 10, the inhibitory effect of quinacrine on
PRL-i nduced ODC activity was more pronounced in the liver than in
the kidney. It is possible that in the latter, stinulation of PKC

may be only one of the ways in which PRL affects ODC activity.

As nmentioned in the introduction, a nunber of effects of
prolactin have been linked to the stimulation of diacylglycerol
formation and protein ki nase C action. These i ncl ude
hepat ot rophi ¢ responses stinulated by prolactin, and stinulation
of ODC activity and mitogenesis in the Nb., node lymphoma cell
l[ine. The results show that inhibition of phospholipase C and/or
protein kinase C adversely affects the induction of ODC activity
in the kidney and liver by PRL in vivo. The effect of PRL in
enhanci ng ODC nRNA expression was seen to be nore enhanced in the
absence of testosterone, i.e. in castrated rats. The expression
of PRL receptors have been shown to be regulated by testosterone
in liver and kidney of male rats. It has been shown that
PRL- bi nding activity in the kidney is decreased by testosterone
treatment. In male rats, sexual maturation caused a decrease in
hepatic PRL receptors, and these were restored upon castration.
The induction of ODC activity and nmRNA expression by PRL was seen
to be dependent on both transcription and translation to various
extents. Thus, PRL seens to play a role in regulating ornithine
decar boxylase in the liver and kidney of rat, and the nmechanism
whereby it enhances ODC activity and expression seens to be via
the formation of di acyl glycerol and activation of protein kinase
C, as inhibitors of DAG formation and of PKC prevented the

stinmulation of ODC by prolactin.



TABLE 1
TI ME COURSE OF PROLACTIN ACTION ON ODC ENZYME ACTIVITY
IN KIDNEY OF ADULT MALE RATS

ODC specific activity

Tr eat ment (pi nol es 14co{ h/ ng protein)
1. Sal i ne 2161 1 49 (4)
2. PRL (1h) 2819 . 161  (4)
3. PRL (2h) 3020 - 95  (4)
s
4. PRL (4h) 9815 - 131* ~ (4)
5, PRL (6h) 10233 . 225  (4)
6. Cas + Saline 5600 ¢ 205  (4)
7. Cas + PRL (6h) 6882 1 116** (4)

Prolactin was dissolved in 0.9% sodium chloride/0.1N NaOH and
injected intraperitoneally at a dose of 5.5 ng/kg body weight in
2o0ul of vehicle. Animals were sacrificed at the indicated tines
after injection and the ODC activity was estimted. Controls
recei ved 200ul of vehicle al one.

Results are expressed as Mean + S EM of 3-4 determ nations from
4-5 animals in each group.

* - p< 0.001 as conpared to group 1.
* - p< 0.001 as conpared to group 6.



TABLE 2
TIME COURSE OF PROLACTIN ACTION ON LIVER OGDC ACTIVITY
IN ADULT NMNALE RATS

ODC specific activity

Treatment (pmoles 14(:02/ h/  mg protein)
1. Saline 1502 1 47 (4)
2. PRL (1h) 1666 - 24  (4)
3 R (2h) 1818 1 140  (4)
4, FRL  (4h) 2403 1 80* (4)
5. PRL  (6h) 2238 1 97+ (4)

Prolactin was dissolved in 0.9% sodium chloride/0.1N NaOH and
injected intraperitoneally at a dose of 55 ng/kg body weight in
200ul of vehicle. Animals were sacrificed at the indicated tines
after injection and the ODC activity was estimated. Controls
received 20o0ul of vehicle al one.

Results are expressed as Mean + S EM of 3-4 determ nations from
4-5 animals in each group.

£ - p< 0.001 as conpared to group 1.



TABLE 3
EFFECT OF PROLACTIN ON KIDNEY CDC ACTIVITY OF CASTRATED RATS
TREATED W TH TESTOSTERONE PROPI ONATE

ODC specific activity

Tr eat nent (pmoles “co./ h/ ng protein)
1. Sal i ne 5794 ¥ 74 (4)
2. TP (6h) 8881 1 277 (4)
3. PRL (6h) 6882 1 203" (4)
4. TP + PRL (6h) 12381 & 180 (4)

Prolactin was dissolved in 0.9% sodium chloride/0.1N NaOH and
injected intraperitoneally at a dose of 55 ng/kg body weight in
200u1 of vehi cl e. Test ost er one propi onat e was I nj ected
subcut aneously in 2o0ul of sesame oil at a dose of 350 umg/kg body
weight. Animals were sacrificed at the indicated tines after
injection and the ODC activity was estimated. Controls received
200ul of vehicle al one.

Results are expressed as Mean + S EM of 3-4 determinations from
4-5 animals in each group.

* - p< 0.001 as conpared to group 1

** - p< 0.001 as conpared to group 2



TABLE 4
EFFECT OF PRE- TREATMENT W TH ACTINOMYCIN D ON KI DNEY

ODC ACTIVITY IN PRL- TREATED CASTRATED RATS

ODC specific activity

Tr eat nent (pmoles 14OO?/ h/ ng protein)
Sal i ne 5794 -1 74 (3)
PRL (6h) 9048 -' 99* (3
3. Act. D (1h) + PRL(6h) 1146 - 68"" (3)

Animals were castrated 4 days prior to use.
dissolved in 0.9% sodium chloride/0.1N NaCH
intraperitoneally at a dose of 55 mg/kg body weight in 200ul of
vehicle. Actinomycin D was dissolved in ethanol:DMSO (1:1) and

injected intraperitoneally Ih prior to prolactin at a dose of 6
ng/ kg body weight. Aninmals were sacrificed 6h after injection of

prolactin and the ODC activity was estimated. Controls received
200ul of vehicle al one.

Results are expressed as Mean + S EM of 3-4 determnations from
4-5 animals in each group.

Prolactin was
and injected

*

p< 0.001 as conpared to group 1

* %

- p< 0.001 as conpared to group 2



TABLE 5
EFFECT OF TREATMENT W TH CYCLOHEXI M DE ON KI DNEY
ODC ACTIVITY IN PRL-TREATED CASTRATED RATS

ODC specific activity

Tr eat ment (pmoles 14CO_,/ h/ mg protein)
1, Sal i ne 5794 1 74  (3)
2. PRL 7848 1 259* (3
3. CHX + PRL 2993 :© 60 (3)

Animals were castrated 4 days prior to use. Prol actin was
dissolved in 0.9% sodium chloride/0.1N NaCH and injected
intraperitoneally at a dose of 55 ng/kg body weight in 200ul of
vehicle. cycloheximide was dissolved in saline and injected
intraperitoneally 1h before sacrifice at a dose of 8 ng/kg body
weight. Animals were sacrificed 6h after injection of prolactin
and the ODC activity was estimated. Controls received 200ul of
vehi cl e al one.

Results are expressed as Mean + s.E.M. of 3-4 determinations from
4-5 animals in each group.

*

- p< 0.001 as conpared to group 1

* *

- p< 0.001 as conpared to group 2



TABLE 6
EFFECT OF TREATMENT W TH CYCLOHEXI M DE ON LI VER
ODC ACTIVITY IN PRL-TREATED CASTRATED RATS

ODC specific activity

Tr eat ment (pmoles 14co,,/ h/ nmg protein)
1. Sal i ne 1917 = 28  (4)
2. PRL 3041t 111" (4)
3. CHX + PRL 2065 - 72 (4)

Animals were castrated 4 days prior to use.Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intraperitoneally at a dose of 5.5 ng/kg body weight in 200ul of
vehicle. cycloheximide was dissolved in saline and injected
intraperitoneally 1n before sacrifice at a dose of 8 ng/kg body
wei ght Animals were sacrificed 6h after injection of prolactin
and the ODC activity was estimted. Controls received 200ul of

vehi cl e al one.
Results are expressed as Mean + S EM of 3-4 determnations from
4-5 animals in each group.

*

- p< 0.001 as conpared to group 1.
- p< 0.005 as conmpared to group 2.

* %



TABLE 7
EFFECT OF QUERCETIN, A PROTEIN KINASE C |INH BITOR ON
KIDNEY ODC ACTIVITY IN PRL- TREATED CASTRATED RATS

ODC specific activity

Tr eat ment (pmoles 14c02/ h/ ng protein)

Sal i ne 5600 1 205  (4)

PRL 10800 ¢ 124 (4)

Quercetin + PRL 6022 1 218 (4
Animals were castrated 4 days prior to use. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intraperitoneally at a dose of 55 ng/kg body weight in 200ul of
vehi cl e. Quercetin was dissolved in ethanol and injected

intraperitoneally at a dose of 300 umoles/kg body weight 15
m nutes prior to injection of prolactin. Animals were sacrificed
6h after injection of prolactin and the ODC activity was
estimated. Controls received 200ul of vehicle al one.

Results are expressed as Mean + S EM of 3-4 determ nations from

4-5 animals in each group.
* - p< 0.001 as conpared to group 1

* %

- p< 0.001 as conpared to group 2



TABLE 8
EFFECT OF QUERCETIN, A PROTEIN KINASE C I NH BITOR ON PRL
STI MULATION O ODC LEVELS IN RAT LIVER

ODC specific activity

Tr eat ment (pmoles 14C02/'h/ mgpr ot ei n)
1. Sal i ne 1917 ¥ 28  (3)
PRL (6 h) 3041 1 112* (3)
3. Quercetin + PRL 1600 & 63** (3)
Animals were castrated 4 days prior to use. Prolactin was

dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intraperitoneally at a dose of 5.5 ng/kg body weight in 200ul of
vehi cl e. Quercetin was dissolved in ethanol and injected
intraperitoneally at a dose of 300 pupmoles/kg body weight 15
mnutes prior to injection of prolactin. Animals were sacrificed

6h after injection of prolactin and the ODC activity was
estimted. Controls received 200ul of vehicle alone.

Results are expressed as Mean + sS.E.M. of 3-4 determnations from
4-5 animals in each group

* - P< 0.001 as conpared to group 1.
. p< 0.001 as conpared to group 2.



TABLE 9

EFFECT OF QUINACRINE, A PHOSPHOLIPASE C INHBITOR  ON
KIDNEY GDC ACTIVITY IN PRL- TREATED CASTRATED RATS

ODC specific activity

Tr eat ment (pmoles 14C[L/ h/ ng protein)
1. Sal i ne 5600 - 205  (4)
2. PRL 10800 ¥ 124* (4)
3. Qui nacrine + PRL 7812 - 146 (4)

Animals were castrated 4 days prior to use. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaCOH and injected
intraperitoneally at a dose of 55 ng/kg body weight in 200ul of
vehi cl e. Qui nacrine was dissolved in ethanol and injected
intraperitoneally at a dose of 200 upmoles/kg body weight 15
mnutes prior to prolactin. Animals were sacrificed 6h after

injection of prolactin and the ODC activity was estinated.
Controls received 200ul of vehicle al one.

Results are expressed as Mean + SSEM of 3-4 determ nations from
4-5 animals in each group.

* - p< 0.001 as conpared to group 1.
. p< 0.001 as conpared to group 2.



TABLE 10
EFFECT OF QUINACRINE, A PHOSPHOLI PASE C | NH Bl TOR ON PRL
STI MULATI ON OF GOC I N RAT LIVER

ODC specific activity

Treatment (pmoles *co,/ h/ mgprotei n)
1, sal i ne 1917t 28 (3)
2. PRL (6h) 3041 1 1117 (3)
*
3. Qui nacrine + PRL 2021 - 117" (3)

Animals were castrated 4 days prior to use. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intraperitoneally at a dose of 5.5 ng/kg body weight in 200ul of
vehi cl e. Quinacrine was dissolved in ethanol and injected
intraperitoneally at a dose of 200 wumoles/kg body weight 15
mnutes prior to prolactin.Animals were sacrificed 6h after
injection of prolactin and the ODC activity was estimated.
Controls received 200ul of vehicle al one.

Results are expressed as Mean + SSEM of 3-4 determ nations from
4-5 animals in each group

* - P< 0.001 as conpared to group 1.
* - p< 0.005 as conpared to group 2.



Fig. 1. Tinme course of prolactin action on ODC expression in the
ki dney of rat.

Adult rats of 300-350g weight were wused. The rats in the
castrated group (Lane 5) were castrated via the scrotal route 4
days prior to use. Prolactin was dissolved in 0.9% sodium
chloride/0. 1N NaOH and injected intraperitoneally at a dose of
5.5 ng/kg body weight in 2o0oul of vehicle. Controls received
200ul of vehicle alone. Animals were sacrificed at the indicated
times after injection. RNA isolation and northern analysis were
carried out as described in Chapter 2.

A. Autoradiogram of northern blot showing ODC expression of
PRL-treated kidney.

B. Methylene blue stained ribosomal RNA (28S and 18S) of the bl ot
denmonstrating equal |oading of the sanples.

C. Densitometric data of A expressed as relative percent of

maxi mal expression.
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Fig. 2. Tinme course of prolactin action on ODC expression in the
l'iver of rat.

Adult rats of 300-350g weight were used. Prolactin was dissolved
in 0.9% sodium chloride/0.1N NaOH and injected intraperitoneally
at a dose of 5.5 ng/kg body weight in 200ul of vehicle. Controls
received 2o00pl of vehicle alone. Animals were sacrificed at the
indicated times after injection. Liver RNA isolation and northern
anal ysis were carried out as described in Chapter 2.

A. Autoradiogram of northern blot showing ODC expression of
PRL-treated |iver.

B. Methylene blue stained ribosomal RNA (28S and 18S) of the bl ot
denonstrating equal |oading of the sanples.

C. Densitometric data of A expressed as relative percent of

maxi mal expressi on.
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Fig. 3. Effect of prolactin on kidney ODC expression in rats
treated with testosterone propionate.

Adult rats of 300-350g weight were castrated via the scrotal

route 4 days prior to use. Prolactin was dissolved in 0.9% sodium
chloride/0.1N NaOH and injected intraperitoneally at a dose of
5.5 mg/kg body weight in 2o0oul of vehicle. Test ost erone
propi onate (TP) was injected subcutaneously in 200ul of sesane
oil at a dose of 350 My/ kg body weight. Animals were sacrificed
6h after injection. RNA isolation and dot blot analysis were

carried out as described in Chapter 2.

A.  Autoradi ogram of northern blot showing the effect of PRL
on ODC expression of TP-treated Kidney.
B. Densitonetric data of A expressed as relative percent of

maxi mal expressi on.
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Fig. 4. Ef f ect of pre-treatment W th actinomycin D on

PRL-induction of ODC expression in kidney of rat.

Adult rats of 300-350g body weight were castrated 4 days prior to
use. Prolactin was dissolved in 0.9% sodium chloride/0.1N NaCH
and injected intraperitoneally at a dose of 55 ng/kg body wei ght
in 2o0ul of vehicle. Actinomycin D was dissolved in ethanol: DMSO
(1:1) and injected intraperitoneally 1h prior to prolactin at a
dose of 6 ngy/kg body weight. Controls received 200m of vehicle.
Animals were sacrificed 6h after injection of prolactin. Kidney
RNA isolation and northern blot analysis were carried out as

described in Chapter 2.

A Aut or adi ogram of northern blot showing the effect of
pre-treatnment with Actinomycin D on ODC expression of PRL-treated
l'iver.

B. Methylene bl ue stained ribosomal RNA (28S and 18S) of the bl ot
denmonstrating equal [|oading of the sanples.

C. Densitometric data of A expressed as relative percent of

maxi mal expression.



wn
o
o~

18d +Q° Py
Tdd e
JoJiuc) e

18S

(B)

ldd +0 PV

75 AT
osmaon /1 [ L ITTTTLTTTTTTTT

@) (@) o (@) (@)
© w < N

100

(Wnwixew 4o °/,)U0IsSaidxa aAl}E|ay

(C)

Fig. 4



Fig. 5. Effect of cycloheximide on kidney ODC expression in
PRL-treated rats.

Animals of 300-350g body weight were castrated 4 days prior to
use. Prolactin was dissolved in 0.9% sodium chloride/0.1N NaOH
and injected intraperitoneally at a dose of 5.5 ng/kg body wei ght
in 200ul of vehicle. Cycloheximde was dissolved in ethanol and
injected intraperitoneally 1h before sacrifice at a dose of 8
ng/ kg body weight. Controls received 20oul of vehicle alone.
Animals were sacrificed 6h after injection of prolactin. RNA
isolation and northern analysis were carried out as described in
Chapter 2.

A.  Autoradiogram of northern blot showing the effect of
treatment with cycl ohexi m de on ODC expression of PRL-treated

ki dney.

B. Methylene bl ue stained ribosomal RNA (28S and 18S) of the bl ot
denonstrating equal |oading of the sanples.

C. Densitonetric data of A expressed as relative percent of

maxi mal expression.
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Fig. 6. Effect of cycloheximide on |liver ODC expression in

PRL-treated rats.

Ani mal s of 300-350g body weight were castrated 4 days prior to
use. Prolactin was dissolved in 0.9% sodium chloride/0.1N NaOH
and injected intraperitoneally at a dose of 5.5 ng/kg body wei ght
in 2o0ul of vehicle. Cycloheximde was dissolved in ethanol and
injected intraperitoneally 1h before sacrifice at a dose of 8
ng/ kg body weight. Controls received 20o0ul of vehicle alone.
Animals were sacrificed 6h after injection of prolactin. RNA
isolation and northern analysis were carried out as described in
Chapter 2.

A Aut or adi ogram of northern blot showng the effect of
treatment with cycl ohexim de on ODC expression of PRL-treated
l'iver.

B. Methylene blue stained ribosomal RNA (28S and 18S) of the bl ot
denonstrating equal |oading of the sanples.

C. Densitometric data of A expressed as relative percent of

maxi mal expression.
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Fig. 7. Effect of quercetin, a protein kinase C inhibitor, on

ki dney ODC expression in PRL-treated rats.

Adult rats of 300-350g body weight were castrated 4 days prior to
use. Prolactin was dissolved in 0.9% sodium chloride/0.1N NaCH
and injected intraperitoneally at a dose of 5.5 ng/kg body wei ght
in 2o00ul of vehicle. Quercetin was dissolved in ethanol and
injected intraperitoneally at a dose of 300 umoles/kg body wei ght
15 mnutes prior to injection of prolactin. Controls received
2o00ul  of vehicle alone. Animals were sacrificed 6h after
injection of prolactin. RNA isolation and dot blot analysis were
carried out as described in Chapter 2.

A. Autoradi ogram of northern blot showing the effect of treatnent
with quercetin on ODC expression of PRL-treated kidney.

B. Densitometric data of A expressed as relative percent of

maxi mal expression.
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Fig. 8. Effect of quercetin, a protein kinase inhibitor, on liver

ODC expression in PRL-treated rats.

Adult rats of 300-350g body wei ght were castrated 4 days prior to
use. Prolactin was dissolved in 0.9% sodium chloride/0.1N NaCH
and injected intraperitoneally at a dose of 5.5 ng/kg body wei ght
in 200ul of vehicle. Quercetin was dissolved in ethanol and
injected intraperitoneally at a dose of 300 umoles/kg body wei ght
15 mnutes prior to injection of prolactin. Controls received
2o00ul  of vehicle alone. Animals were sacrificed 6h after
i njection of prolactin. RNA isolation and dot blot analysis were
carried out as described in Chapter 2.

A Autoradiogram of dot blot showing the effect of
treatment with quercetin on ODC expression of PRL-treated

liver.

B. Densitonetric data of A expressed as relative percent of

maxi mal expression.
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Fig. 9. Effect of quinacrine, phospholipase C inhibitor, on

ki dney ODC expression in PRL-treated rats.

Adult rats of 300-350g body weight were castrated 4 days prior
to use. Prolactin was dissolved in 0.9% sodium chloride/0.1N NaCOH
and injected intraperitoneally at a dose of 55 mg/kg body wei ght
in 2o0o0ul of vehicle. Quinacrine was dissolved in ethanol and
injected intraperitoneally at a dose of 200 muoles/kg body wei ght
15 mnutes prior to prolactin. Controls received 200ul of vehicle
alone. Animals were sacrificed 6h after injection of prolactin.

RNA isolation and dot bl ot analysis were carried out as described

in Chapter 2.

A.  Autoradiogram of dot Dblot showng the effect of
treatment with quinacrine on ODC expression of PRL-treated

ki dney.

B. Densitometric data of A expressed as relative percent of

maxi mal expression.
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Fig. 10. Effect of quinacrine, phospholipase C inhibitor, on

|iver ODC expression in PRL-treated rats.

Adult rats of 300-350g body weight were castrated 4 days prior
to use. Prolactin was dissolved in 0.9% sodi um chloride/0.1N NaCH
and injected intraperitoneally at a dose of 55 mg/kg body wei ght
in 2o00ul of vehicle. Quinacrine was dissolved in ethanol and
injected intraperitoneally at a dose of 200 muoles/kg body wei ght
15 mnutes prior to prolactin. Controls received 200ul of vehicle
alone. Animals were sacrificed 6h after injection of prolactin.

RNA isol ation and dot bl ot analysis were carried out as described

in Chapter 2.

A Aut or adi ogram of dot blot showng the effect of
treatment with quinacrine on ODC expression of PRL-treated

liver.

B. Densitometric data of A expressed as relative percent of

maxi mal expression.
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CHAPTER 4

REGULATION OF ORNITHINE DECARBOXYLASE
BY GROWTH HORMONE
IN THE KIDNEY AND LIVER OF RAT
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Gowmh hornmone plays a crucial role in the regulation of
growmth in mammals. |t stinulates nucleic acid and protein
synthesis. In nouse 3T3-F442A preadi pocytes, GH has been shown to
pronote differentiation, up-regulate vinculin expression, trigger
di acyl gl ycerol formation, enhance the rate of glucose uptake and
stinmulate lipid accunulation. GH exerts inportant effects on
liver function through regulation of the expression of various
hepatic proteins. It also participates in the regulation of
hepatic lowaffinity glucocorticoid binding sites and hepatic
prolactin receptors. Induction by GH of «c¢-fos and c-jun
transcription has also been observed in preadi pocytes. GH, |I|ike
PRL, has been inplicated as an immunomodulator, and direct
production of GH by normal |ynphocytes has been noted. In
addition to these effects, GH stinmulates ODC activity in |iver,

ki dney, heart and thymus (Fausto, 1971, Brandt et al., 1972).

The nmechanism by which GH induces cell proliferation and
differentiation has yet to be clearly elucidated, but GH has been
shown to control the expression of a nunber of proteins thought
to be involved in differentiation processes. GH regulates the
expression of transcriptional factors, growh factors and also
the expression of sonme growmh factor receptors. Thus, GH action
may be either direct or nediated by nodulation of the action of
other growmh factors. As yet, no single second nessenger
medi atin_g the effects of GH has been pinpointed. It has been
suggested that a tyrosine kinase may be associated with the
growt h hornmone receptor in certain cell types (Anderson, 1992).

The node of action of GH in regulating ODC activity is not known.
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In this study, an attenpt has been nade to investigate the levels

at which GH affects this enzyne.

MATERI ALS AND METHCDS:

The general nethods used have been described in Chapter 2.
All the experinments in this chapter involved the use of adult
mal e rats of 300-350 g body weight. The rats were castrated via
the scrotal route under mld ether anesthesia, and were used 4 to

5 days after castration.

Bovi ne growth hornone was dissolved just before use in basic
saline solution, and pH was adjusted to 9.5. The dose of (H used
t hroughout was 5.5 ng/kg body weight, and injections were
adm nistered intraperitoneally in 200 ul1 of the vehicle. Controls

were given an equal volune of the vehicle alone.

Actinonmycin D was given intraperitoneally at a dose of 6
ng/ kg body weight, dissolved in ethanol:DMSO (1:1). It was
injected 1h prior to the hornone. Cycloheximide was i njected
intraperitoneally at a dosage of 8 ng/kg body weight, |h before

the rats were kill ed.

RESULTS:

The effect of a single dose of GH on renal ODC activity is
shown in“ Table 11. The ODC activity increased with tinme and
peaked at 4-6 h after admnistration of GH The tinme course of
hepatic ODC activity in response to the sanme dose of GH is given

in Table 12. This followed a pattern simlar to that of renal ODC
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activity.

Fig. 11 shows the time course of induction of renal ODC
mRNAlevels in response to a single injection of GH as shown by
northern analysis. It was found that ODC mRNA | evels increased at
4-6 h after injection. The hepatic nRNA levels at various tine
intervals after GH injection were studied by dot bl ot
hybri di sation, as shown in Fig. 12. The ODC nRNA levels in liver
were al so seen to increase and peak at 4-6 h post-injection. The
extent of ODC nRNA induction by GH was seen to be much higher in

castrated rats than in intact ones.

The effect of sinultaneous injections of testosterone
propionate (TP) and GH on renal ODC activity is shown in Table
13. At 2h after injection, the ODC activity was higher than that
of groups adm nistered only one of the hornones, but the effect
seen was not an additive one. By 6h after injection, the ODC

activity had declined to control |evel.

Fi g. 13 shows the renal ODC nRNA pattern follow ng
simul taneous TP and GH treatnent. At 6h after injection, the nmRNA
l evel in the groups given TP and GH was reduced when conpared to
that of the groups given TP alone, but simlar to that of the
group given CGH alone.The effect of pre-treatment with actinonycin
D, a transcription inhibitor, on GH-stimulation of ODC activity
in the kidney is shown in Table 14. It was seen that the
stinmulatory action of CGH was conpletely blocked by the presence

of actinonycin D. A simlar effect was observed in hepatic ODC
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activity on pre-treatment with actinomycin D and subsequent GCH

treatment (Table 15).

Renal ODC nRNA |evels stimulated by GH were also seen to be
sUppressed on actinonycin D and GH treatment, as conpared to

groups treated with GH alone (Fig. 14).

The ef f ect of bl ocki ng protein transl ation usi ng
cycl ohexi m de on GH-stimulation of renal ODC activity is shown in
Table 16. It was seen that treatnent wth cyclohexi m de
completely blocked the stimulation of ODC by GH Simlarly,
hepatic ODC stinmulation by GH was al so bl ocked by G4, as shown in
Table 17.

ODC nRNA accunul ati on was observed in both kidney (Fig. 15)
and liver (Fig. 16) on treatment with a conbination of GH and

cycl ohexi m de, as conpared to groups treated wth GH al one.

DISCUSSION:

Very little is known about the early events that occur after
the binding of GHto its receptor. As is true for PRL, no second
messenger nediating the effects of GH has been positively
identified. Some reports have suggested that GH may act via
protein kinase C stinmulation. It has also been suggested that a
novel tyrosine kinase activity may be associated with the GH

receptor in certain cell types.

In 1968, Janne et al. reported the stinulation by GH of
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spermidine and putrescine synthesis in rat liver, and
subsequently established that this was due to GH stinulation of
ODC activity. This stimulation was independent of the adrenal
gl ands, and maximal stinulation occurred at 4h after injection.
Brandt et al. (1972) later showed that GH-stimulated ODC activity
in kidney peaked at 3-4 h after GH admnistration and was back to

basal |evels at 8h.

The present study shows that bGH stinulates both ODC
activity and its nRNA expression in the kidney and liver of rat.
A single |low dose of 55 ng/kg body weight was sufficient to have

a significant effect at 4 to 6 hours after injection.

Interestingly, it was observed that basal renal ODC activity
was higher in castrated rats as conpared to intact rats. Al so,
the extent of ODC nRNA induction by GH was nuch higher in
castrated than intact rats. This suggested the possibility of a

nmut ual antagonistic effect of GH and testosterone.

To investigate this possibility, when castrated were
adm ni stered testosterone propionate (TP) along with GH, it vvasf
seen that at 2h post-injection, the ODC activity was higher than
that in groups given only one of the hornmones. However, this was
not an additive effect. At 6h, ODC activity had declined to basal
l evels. The ODC nRNA levels at 6h after injection of GH and TP
was |ower than that of the group given TP alone, and simlar to
that of the group given GH alone. The reason for this was not

cl ear and does not satisfactorily explain the reason for extent
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of ODC mRNA induction by GH being higher in castrated rats. There

may possibly be sonme other factors comng into play here.

Ongoing transcription was seen to be required for the
stimulation of ODC by CGH as evinced by the experinents where
pre-treatnment wth actinomycin D was given, followed by &
treatment . CGH stinulation of ODC activity as well as nRNA | evels
in both Iiver and kidney was reversed conpletely by actinomycin D
pre-treatnment. However, as nentioned wearlier, there was a
di screpancy in the extent to which GH stinulates the ODC activity
and nRNA | evels, respectively. This indicates that transcription

may not be the only nmechani sm by which GH affects ODC

Further studies investigated the effect of the protein
translation inhibitor cycloheximide, on GHinduction of renal and
hepatic ODC. Cycloheximde treatnent was shown to block the
stimulatory activity of GH indicating that de novo protein
synthesis is necessary for the effect of G4 on ODC. This was
further substantiated by the fact that GHtreated ODC nRNA | evels

remai n unchanged in the presence of cycl ohexim de.

Recent reports have indicated that GH itself is able to
initiate a mtogenic response in a nunber of tissues in vivo. It
has been shown to induce transcription of the proto-oncogenes
c-myc and fos in the liver and kidney (Murphy et al., 1987a).
Further, human CGH was shown to stinulate mitogenesis in Nb2 node
lymphoma cells, and this effect was enhanced by the tunor

pronoter TPA (Gertler et al., 1985). G owth hornone has al so been
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reported to activate mitogen-activated protein kinase in

3T3- F442A preadi pocytes (Anderson, 1992).

This study shows that GH induces ODC activity and increases
its MRNA expression in both the liver and kidney. The ODC gene is

known to be one of those whose expression is enhanced by

m t ogens, and has been implicated in certain types of
carci nogenesis. It has been postulated that the ODc gene itself
may act as an oncogene (Auvinen et al. , 1992; Mshier et al. ,

1993) . The effect of GH in stinmulating ODC nRNA levels is a
further reflection of the mtogenic effects of GH, which has
earlier been reported to regulate the expression of sone
growt h-regul atory genes and growmh factors.. Recent studies have
mai nly been carried out using human growh hornone. This study
denmonstrates that even the non-lactogenic bovine GH is capable
(at a low dose) of stimulating ODC expression in the kidney and
liver of rat. The effect of GH on ODC was seen to involve both
transcription and translation. The effect of GH was nore
pronounced in castrated rats, suggesting that the absence of
testosterone may play a role in the action of GH on ODC in liver

and ki dney.



TABLE 11
TI ME COURSE OF GROMH HORMONE ACTION ON CDC ENZYME ACTIVITY
N KIDNEY OF ADULT MALE RATS

ODC Specific Activity

Tr eat nment (pmoles 14co2 /'h /'ng. protein)
1. Sal i ne 2161 * 49 (4)
2. GH (1h) 3445 T 205* (4)
3. GH (2h) 3489 T 353* (4)
4, GH (4h) 9283 ¥ 110" (4)
5, GH (6h) 8924 ¥ 204" (4)
6. Cas + Saline 6250 T 135  (4)
7. Cas + GH 13872 * 100™* (4)

Growt h hormone was dissolved in 0.9% sodium chloride/0.1N NaOH
and injected intraperitoneally in 200 ul of vehicle at a dose of
5.5 ng/ kg body weight. Animals were sacrificed at various tine
intervals after injection as indicated and ODC activity was

esti mat ed. ‘

Results are expressed as Mean + S EM of 3-4 determ nations from
4-5 animals in each group

* - p< 0.001 as conpared to group 1

** - p< 0.001 as conpared to group 6



TABLE 12

TIME COURSE OF GH ACTION ON GDC ACTIVITY IN LIVER
OF ADULT MALE RAT

CDC specific activity

Tr eat nent (pmoles 14c02/ h/ nmg protein)
1 Sal i ne 1421 * 37 (4)
2. GH (1h) 1512 * 29  (4)
3. GH (2h) 1638 * 39  (4)
4. GH (4h) 2434 * 24" (4)
5. CH (6h) 2754 * 61" (4)
6. Cas + Saline 1917 * 20 (4)
7. CH (6h) 3067 T 77** (4)

G owth hormone was dissolved in 0.9% sodium chloride/0.1N NaCH
and injected intraperitoneally in 200 pl1 of vehicle at a dose of
5.5 mg/kg body weight. Animals were sacrificed at various tine
intervals after injection as indicated and ODC activity was

esti mat ed.

Results are expressed as Mean + SEM of 3-4 determ nations from
4-5 animals in each group

* - p< 0.001 as conpared to group 1

** - p< 0.001 as conpared to group 6



TABLE 13

EFFECT O GH ON KIDNEY CDC ACTIVITY OF RATS
TREATED WTH TESTOSTERONE PROPI ONATE

ODC specific activity

Tr eat ment (pmoles 14C02/ h/ mgpr ot ei n)
1. TP (6h) 8881 ' 505 (3)
2. GH (6h) 13872 ' 140 (3)
3, TP + GH (6h) 15469 ¥ 270 (3)
4, TP + GH (6h) 5300 * 373 (3)

Animals were castrated 4 days prior to use. Gowh hormone was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intraperitoneally in 200 ul of vehicle at a dose of 5.5 ng/Kg
body weight. Testosterone propionate was injected subcutaneously
in 200 pl1 of sesane oil at a dose of 350 M/ kg body weight.
Controls received 200 wul1 of vehicle alone. Animals were
sacrificed at 6hafter injection as indicated and ODC activity was
esti mat ed.

Results are expressed as Mean + S EM of 3-4 determ nations from

4-5 animals in each group
* - p< 0.001 as conpared to group 1



TABLE 14

EFFECT OF PRE-TREATMENT W TH ACTINOMYCIN D ON KIDNEY ODC ACTIVITY

I N GH-TREATED CASTRATED RATS

ODC specific activity

Tr eat nent (pmoles 1"cozl h/ nmg protein)
Sal i ne 6250 1 135 (4)
GH 13872 * 100* (4)
3. Act, D+ CH 2499 * 187" (4)

Animals were castrated 4 days prior to use. Gowh hormone was
dissolved in 0.9% sodium chloride/0o.1N NaOH and injected
intraperitoneally in 200 ul of vehicle at a dose of 5.5 ng/kg
body weight. Actinomycin D was dissolved in ethanol/pMso (1:1)
and injected intraperitoneally in 100 pl at a dose of 6 ng/kg
body weight. Controls received 200 pl1 of vehicle alone. Animls

were sacrificed at 6h after injection of growh hornmone and oDC
activity was estinmated.

Results are expressed as Mean + S EM of 3-4 determnations from

4-5 animals in each group
* - p< 0.001 as conpared to group 1
p< 0.001 as conpared to group 2

* *



TABLE 15
EFFECT OF PRE-TREATMENT W TH ACTINOMYCIN-D ON GH | NDUCTI ON
CF ODC ACTIVITY IN LIVER OF CASTRATED RATS

ODC specific activity
14

Tr eat nent (pmoles ~'co,/ h/ ng protein)
1. Sal i ne 1917 ¥ 20 (4)
+ *
2. GH (6h) 3067 o 7., (4)
3 Act.D + &H 1447 - 29 (4)

Animals were castrated 4 days prior to use. Gowh hormone was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intraperitoneally in 200 pl of vehicle at a dose of 5.5 ng/kg
body wei ght. Actinomycin D was dissolved in ethanol/DMSO (1:1)
and injected intraperitoneally in 100 ul at a dose of 6 ng/kg
body weight. Controls received 200 ul of vehicle alone. Animals
were sacrificed at 6h after injection of growh hornone and ODC
activity was estinmated.

Results are expressed as Mean + SEM of 3-4 determnations from

4-5 animals in each group
* - p< 0.001 as conpared to group 1
** . p< 0.001 as conpared to group 2



TABLE 16
EFFECT OF TREATMENT W TH CYCLOHEXI M DE ON KIDNEY ODC ACTIVITY
| N GH-TREATED CASTRATED RATS

ODC specific activity

Tr eat nent (pmoles 14C02/ h/ ng protein)
1 Sal i ne 6250 ' 191  (4)
2. GH 13872 * 140" (4)
3, GH + CHX 3524 * 233" (4)

Animals were castrated 4 days prior to use. Gowth hornone was
dissolved in 0.9% sodium chloride/0.1N NaCH and injected
intraperitoneally in 200 p1 of vehicle at a dose of 5.5 ng/kg
body wei ght. Cycloheximide was dissolved in saline and injected
intraperitoneally in 100 ul at a dose of 8 ng/kg body weight.
Controls received 200 wul of vehicle alone. Animals were

sacrificed at 6h after injection of growh hornmone and ODC
activity was estinmated.

Results are expressed as Mean + S EM of 3-4 determ nations from

4-5 animals in each group
* - p< 0.001 as conpared to group 1
** - p< 0.001 as conpared to group 2



TABLE 17
EFFECT OF TREATMENT W TH CYCLOHEXI M DE ON LI VER ODC ACTIVITY
I N GH-TREATED CASTRATED RATS

ODC specific activity

Tr eat ment (pmoles 14co,/ h/ ng protein)
1. Sal i ne 1917 ¥ 20  (4)
2. GH 3067 1 77, (4)
3. CHX + GH 1237 - 26 (4)

Animals were castrated 4 days prior to use. Gowth hornone was
dissolved in 0.9% sodium chloride/0.1N NaCH and injected
intraperitoneally in 200 pl of vehicle at a dose of 5.5 ng/kg
body wei ght. Cycloheximide was dissolved in saline and injected
intraperitoneally in 100 pl at a dose of 8 ng/kg body weight.

Controls received 200 pul of vehicle alone. Animals were
sacrificed at 6h after injection of growh hornone and ODC
activity was estinmated.

Results are expressed as Mean + SSEM of 3-4 determ nations from

4-5 animals in each group
* - p< 0.001 as conpared to group 1
** - p< 0.001 as conpared to group 2



Fig. 11. Tinme course of GH action on ODC expression in the kidney

of rat.

Adult rats of 300-350g weight were used. CGH was dissolved in
basic saline and injected intraperitoneally at a dose of 5.5
mg/kg body weight in 200ul of vehicle. Controls received 200ul of
vehicle alone. Animals were sacrificed at the indicated tines
after injection. RNA isolation and northern analysis were carried
out as described in Chapter 2.

A. Autoradiogram of northern blot showing ODC expression of
GHtreated kidney.

B. Methyl ene blue stained ribosomal RNA (28S and 18S) of the bl ot
denmonstrati ng equal |oading of the sanples.

C. Densitometric data of A expressed as relative percent of

maxi mal expression.
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Fig. 12. Tine course of CGH action on ODC expression in the liver

of rat.

Adult rats of 300-350g weight were used. CGH was dissolved in
basic saline and injected intraperitoneally at a dose of 5.5
nmg/ kg body wei ght in 200ul of vehicle. Controls received 200ul of
vehicle alone. Animals were sacrificed at the indicated tines
after injection. RNA isolation and dot blot analysis were carried
out as described in Chapter 2.

A. Autoradiogram of dot bl ot showi ng ODC expression of GHtreated
liver.

B. Densitometric data of A expressed as relative percent of

maximal expression.
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Fig. 13. Effect of prolactin on kidney ODC expression in rats
treated with testosterone propionate.

Adult rats of 300-350g weight were castrated via the scrotal
route 4 days prior to use. GH was dissolved in basic saline and
injected intraperitoneally at a dose of 5.5 ng/kg body weight in
200ul of vehicle. Testosterone propionate (TP) was injected
subcut aneously in 2oo0oul of sesane oil at a dose of 350 mg/kg body
wei ght. Animals were sacrificed 6h after injection. RNA isolation

and northern analysis were carried out as described in Chapter 2.

A. Autoradiogram of northern blot showing the effect of PRL on
ODC expression of TP-treated Kidney.

B. Methyl ene blue stained ribosomal RNA (28S and 18S) of the bl ot
denmonstrating equal |oading of the sanples.

C. Densitonetric data of A expressed as relative percent of

maxi mal expression
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Fig. 14. Ef f ect of pre-treatment wth actinomycin D on

GH-i nduction of ODC expression in kidney of rat.

Adult rats of 300-350g body wei ght were castrated 4 days prior to
use. GH was di ssol ved in basi c sal i ne and I nj ected
intraperitoneally at a dose of 55 ng/kg body weight in 200ul of
vehicle. Actinomycin D was dissolved in ethanol:DMsO (1:1) and
injected intraperitoneally 1h prior to prolactin at a dose of 6
nmg/ kg body weight. Controls received 200m of vehicle. Aninmals
were sacrificed 6h after injection of prolactin. Kidney RNA
isolation and northern blot analysis were carried out as

descri bed in Chapter 2.

A Aut or adi ogram of northern blot showing the effect of
pre-treatment with Actinonycin D on ODC expression of PRL-treated
liver.

B. Methylene bl ue stained ribosonmal RNA (28S and 18S) of the bl ot
denonstrating equal |oading of the sanples.

C. Densitonmetric data of A expressed as relative percent of

maxi mal expression.
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Fig. 15. Effect of cycloheximide on kidney ODC expression in

GH-treated r ats.

Ani mal s of 300-350g body weight were castrated 4 days prior to
use. GH was di ssol ved in basi c sal i ne and i nj ected
intraperitoneally at a dose of 5.5 ng/kg body weight in 200ul of
vehicle. Cycloheximde was dissolved in ethanol and injected
intraperitoneally 1h before sacrifice at a dose of 8 ng/kg body
wejght. Controls received 200ul of vehicle alone. Animals were
sacrificed 6h after injection of prolactin. RNA isolation and dot
bl ot analysis were carried out as described in Chapter 2.

A. Autoradi ogram of dot blot showing the effect of treatnent with
cycl ohexi m de on ODC expression of GHtreated kidney.

B. Densitometric data of A expressed as relative percent of

maxi mal expressi on.
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Fig. 16. Effect of cycloheximide on |iver ODC expression in

GH-treated rats.

Ani mal s of 300-350g body weight were castrated 4 days prior to
use. GH was dissolved in 0.9% sodium chloride/0. 1IN NaCH and
injected intraperitoneally at a dose of 5.5 ng/kg body weight in
200n1 of vehicle. Cycloheximde was dissolved in ethanol and
injected intraperitoneally 1h before sacrifice at a dose of 8
ng/ kg body weight. Controls received 200ul of vehicle alone.
Animals were sacrificed 6h after injection of prolactin. RNA
I sol ation and northern analysis were carried out as described in
Chapter 2.

A Autoradiogram of northern blot showing the effect of
treatment with cycl ohexi mi de on ODC expression of PRL-treated
liver.

B. Methylene blue stained ribosomal RNA (28S and 18S) of the bl ot
denmonstrating equal |oading of the sanples.

C. Densitonetric data of A expressed as relative percent of

maxi mal expressi on.
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CHAPTER 5

HORMONAL REGULATION OF ORNITHINE
DECARBOXYLASE IN THE TESTIS OF RAT
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O nithine decarboxylase is an important marker Of cellular
growth and differentiation. 1In the testis, this enzyne is
nodul ated by pituitary hornones, gonadotropins and various
endocrine and paracrine growh factors such as prostaglandins,
catecholamines, and ar gi ni ne vasopr essin (revi ened in
i ntroduction). Prolactin plays a major role in the regulation of
mal e reproductive function. The occurrence of testicul ar
receptors for prolactin supports the notion that the testis is a
target for this hornone. Maintenance of testicular receptors is
at |east partially dependent on PRL and GH, which seemto act at
different sites. FSH and LH regulate ODC activity in the testis.
However, despite nunmerous studies, the precise nechanisns of
action of PRL and GH in eliciting various cellular responses are

not cl ear.

The rat testis is nost sensitive to the influence of
hornones, especially pituitary hornones, during puberty. The
wi despread phenomenon of desensitisation to hornone action is
thus best studied at this period between inmaturity and puberty.
In this study the effects of various hornones on testicular ODC
have been charted in an attenpt to understand nore clearly their

node of action in stinmulating this enzyne.

MATERI ALS AND METHODS
The general nmethods have been described in Chapter 2.
Immature. rats of 19-21 days age or puberal rats of 30 days age

were used as indicated in individual experinents.

Al'l hornone solutions were prepared fresh just prior to use.
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Al intratesticular injections were given in a minimal volunme of

5-10 ul of vehicle, under mld ether anesthesi a.

Prolactin and GH were given intraperitoneally (5.5 ng/kg
body weight) or intratesticularly at the dosages nentioned in
specific experinents. hCG in saline was adm ni stered
subcut aneously at a dosage of 40 1.U. per rat. Quinacrine was
given intraperitoneally or intratesticularly, as indicated in

speci fic experinents.

RESULTS:

The ontogenesis of ODC activity in the rat testis is shown
in Table 18. The activity was highest at 15 days of age, after
which it declined steadily. Fig. 17 shows the testicular ODC nmRNA
| evel s at various ages between 15 and 45 days of age. The levels
remained nore or less steady till 25 days, increased slightly at
30 days, and then showed a sharp increase of alnost 50% at 45

days of age (i.e., in the adult rat).

The effect of wvarious hornones that are involved in
regulating testis function was studied. Table 19 shows the effect
of hCG on ODC activity in immture testis. The effect of hCG
adm ni stration on ODC nmRNA expression in inmmture rats is shown
in Fig. 18. An increase in nRNA levels, studied by northern
anal ysis, was seen at 2h after injection and persisted even at

4h.

Desensitisation of the ODC response to hCG was studied, and

the results in terms of ODC activity and nRNA expression are
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shown in Table 20 and Fig. 19, respectively. Immature rats were
given injections subcutaneously on tw consecutive days, and

killed 4h after the second injection. Goup | was given 40 1U of

hCG on Day 1, followed by saline on Day 2. Goup Il was given
saline on Day 1 and hCG on Day 2. Goup IlIl was given hCG on both
days. It was observed that in Goup IIl, which had been prined

with hCG on Day 1, the injection of hCG on Day 2 failed to elicit

any increase in ODC nRNA expression, or activity.

The effect of various doses of PRL on testicular ODC
activity in 30 day old puberal rats is given in Table 21. The
rats were injected intratesticularly with 25 u9, 50 upug or 100 ug
PRL per testis, and ODC activity was neasured 4h later. It was
seen that 25 ug/testis elicited the highest enhancenent of ODC
activity. A simlar result was also seen in immature rats

adm ni stered the sane doses of prolactin (Table 22).

The effect of the phospholipase C inhibitor quinacrine on
the prolactin-stimulated testicular ODC activity is shown in
Table 23. Table 24 shows the effects of conbined treatnment with
PRL, CcAMP and quinacrine, on ODC activity in immture rat testis.
Fig. 22. illustrates the ODC nRNA expression pattern for Tables
23 and 24. Although PRL and cAWP both individually enhanced ODC
activity, a conbination of both did not produce any additive
effect. The presence of quinacrine inhibited the enhancenent of
ODC activity by either PRL or cAMP, and when all three were
adm ni stered, there was no change in the ODC activity above the
control value. In fact, it was depressed to |evels bel ow that of

the control. The ODC nRNA expression as given in Fig. 22 showed
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that when PRL and cAMP were given together, the mRNA |evels
i ncreased significantly. Though the presence of quinacrine did
not much affect PRL-induced ODC mRNA |evels, the conbination of

qgui nacrine and cAMP caused a drastic increase in nRNA | evels.

The effect of quinacrine pre-treatment on the effect of hCG
on ODC activity is given in Table 25. It was seen that quinacrine

had no effect on the stimulation of ODC activity by hCG

The effect of quinacrine pre-treatnent on enhancenent of ODC
activity by FSH is given in Table 26, and on ODC nRNA |evels in
Fig 23. Although the presence of quinacrine slightly |owered nRNA

| evels, it had no effect on FSHinduced ODC activity.

The effect of various doses of GH on ODC activity in the
puberal rat testis is given in Table 27. It can be observed that
a dose of 50 pg of GHtestis caused maxi nmal stinulation of ODC

activity.

The effect of quinacrine pre-treatnment on GHinduced ODC
activity was studied by both intraperitoneal (Table 28) and
intratesticular injection (Table 28). It was observed that
al t hough qui nacrine blocked the stimulation of ODC to a certain

extent, this was not total.

The - effect of quinacrine pre-treatnment on GHinduced ODC
activity in the testis was also studied after separation of
Leydig cells and sem niferous tubules, to observe the effects in

these individual fractions (Table 29) . It was seen that GCH
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stinmulated ODC in both fractions, and that quinacrine inhibition
of this stinulation was partial in sem niferous tubules and tota

in the Leydig cells.

DISCUSSION:

The functions of the nale gonads, both endocrine and
reproductive, are mainly regulated by the actions of FSH and LH.
However, there are a nunmber of other nmediators and local factors
that also contribute to the overall maintenance of testicular
function. For exanple, the effect of LH in increasing androgen
production actually initiates a cascade of events in which
androgens act on peritubular cells to pronote the production of a
nonm togenic paracrine factor which acts on Sertoli cells.
Sertoli cells also appear to produce FSH dependent factors that
can influence Leydig cell function. Thus, the two mmjor agents
known to influence the testis act, to a large extent, through

changes in local cellular interactions.

Prolactin (PRL) plays a major role in reproductive function.
Recent studies seem to indicate that apart from its role in the
stinmul ation of steroidogenesis via LH, PRL has a direct effect on
the testis, which exhibits a trophic response to PRL. In this
study, the actions of some of the hornones affecting testicular

function on ODC activity and expression have been taken up.

Testicular ODC activity was seen to be highest at 15 days of
age, after which it decreased with age, suggesting that ODC
activity is negatively regulated. In contrast, the ODC nRNA

expression was seen to increase with age. A simlar increase in
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nouse testis ODC nRNA | evel s has been reported by Alcivar et al.
(1989) . Thus, the developmental changes in ODC activity are in
mar ked contrast to the changes in ODC nRNA. These results suggest
that there is an inhibition of ODC activity seens to be regul ated
at a post-translational | evel . It has been  previously
denonstrated by Alcivar et al. (1989) that in the adult nopuse
testis, ODC nRNA is regulated at the translational |evel as well.
Weiner and Dias (1992) have suggested that in the testis,
regulation of ODC at the post-transcriptional level nay be an
i nportant aspect of spermatogenesis that would allow rapid
changes in the level of ODC and polyamines as the need arises.
Kai pia et al. (1990) conducted a study on stage and cell specific
expression of the ODC gene during rat and nouse spernatogenesis,
and concluded that the high levels of ODC nRNA in |ate pachytene

spermat ocytes and early round spermatids suggest that ODC may

play an inportant role during late meiosis and early
spermiogenesis.
The rat testis is nobst receptive to hornonal influence at

the stage between immturity to puberty. This is the time when
the pituitary hornmones play a major role. The ODC activity in
response to hCG adm nistration was seen to rise significantly and
there was an increase (although not exactly corresponding to that
in activity) in the ODC nRNA expression as well, at both 2h and

4h after administration of the hornone.

The ODC response to hCG was seen to undergo honol ogous
desensitisation, both at the levels of enzyme activity and nmRNA

expression. Rats which were given hCG on two consecutive days,
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did not show any increase in ODC activity in response to hCG on
the second injection. Pakarinen et al. (1990) denonstrated that
the functional differences of adult and neonatal Leydig cells in
rat to high gonadotropic hornone stimulation occur at the |evel
of expression of specific genes, including those of the 1LH

recept or and 17-hydroxylase/17,20-lyase cytochrone LH

Pasn:
receptor nRNA is down-regulated in adult rat testis in response

to high levels of hCG

Prolactin plays a significant role in the regulation of male
reproductive function. The ability of this hornmone to influence
the gromh and functional integrity of male accessory glands is
wel | -established. In nouse testis, PRL regulates the content of
esterified cholesterol. In vivo PRL treatnment stinulates in vitro
androgen production by testicular interstitial cells. The
occurrence of PRL receptors in the testis supports the idea that
the testis is a direct target organ for PRL. Dombrowicz et al.
(1992) found that during puberty, PRL stinulates testicular
function by pronoting multiplication and differentiation of
Leydig cells and germcells. It was also reported that the action
of PRL in stinulating testicular ODC activity requires an intact
hypophysis (de Las Heras and Calandra, 1992). Reports indicate
that ODC activity in semnal vesicle of adult rats is regulated

mainly by PRL (Conzalez et al., 1994).

This study indicates that acute treatnment with PRL increases
ODC activity in the inmmature and puberal rat testis. Direct
intratesticular as well as intraperitoneal injection of PRL

elicited this response within a fairly short tinme, indicating
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that this is likely to be a direct effect of the hornobne on the

testis.

It has been suggested that sone of the actions of PRL in its
target organs may be nediated via the formation of diacylglycerol
and stinmulation of protein Kkinase. The effects of t he
phosphol i pase C inhibitor, gui nacri ne, which prevents the
formation of diacylglcerol, when admi nistered in conjunction with
PRL, indicate that the stinulation of ODC by PRL in rat testis is
medi ated via the formation of diacylglycerol. Pre-treatnent of
rats with quinacrine followed by PRL adm nistration abolished the

stimulati on of ODC by PRL.

The effect of quinacrine pre-treatnment on the stinulation of
ODC activity by hCG was shown to have no significant effect.
Simlarly, treatnent with quinacrine slightly lowered nRNA | evels
but had no effect on ODC activity in response to FSH This
i ndicates that these hornones may induce ODC only via stinulation
of the cAMP pathway, and that the inositol phosphate-protein

ki nase pat hway may not be invol ved.

Growt h hornmone has been established to have mtogenic action
in sone of its target organs. Human growth hornone has been shown
to stinmulate aromatase activity, associated with a positive
effect on germ cell nunber in the immature hypophysectoni sed rat
testis. In the Nb2 lymohoma cell |ine, hGH has been shown to have
mtogenic effects , and these were enhanced on addition of the
t unor pr onot er 12-0O~-tetradecanoyl-phorbol=-13- acetate (TPA)

(Gertler et al., 1985).
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This study denonstrated that in the puberal rat testis, bGH
was able to stinulate ODC activity to a larger extent than PRL,
the optiml dose of GH being 50 ug/testis. To examne if this
effect of GH was also via the stimulation of diacylglycerol
formation, it was examned in the presence of the phospholipase
inhibitor, quinacrine. It was observed that although quinacrine
bl ocked the stinmulation of ODC by GH this effect was only
partial, indicating that this may not be the only nmechanism
through which GH acts to increase testicular ODC activity.
Effects of GH in other tissues via stinmulation of diacylglycerol
(DAG formation have been previously reported. Doglio et al.
(1989) reported that G1d <can enhance the formation of
di acyl gl ycerol without stinmulating inositol |lipid breakdown in
Ob1771 cells. Rogers and Hammerman(1989) reported that GH can
activate phospholipase C in basolateral nenbranes from canine
ki dney. Johnson et al. (1990) showed that GH stinulates the
formation of sn-1,2-diacylglycerol in rat hepatocytes, and
suggested that production of DAG may be an early signalling event

medi at ed by hornone stinulation of both the GH and PRL receptors.

To further investigate the effects of G4 on ODC activity in
the testis, the separation of Leydig cells and semniferous
tubules was carried out and it was observed that GH stinul ated
ODC activity in both these fractions. Quinacrine inhibition of
this response was total in Leydig cells, but only partial in

sem ni ferous tubul es.

Thus this study on the regulation of testicular ODC showed
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that the desensitisation of ODC response tO human chorionic
gonadotropin involves not only the down-regulation of the enzyne
activity, but also that of its nRNA expression. FSH and hCG act
to enhance both ODC enzyne activity and the ODC nRNA | evels, and
this effect does not seem to be nediated via the inositol
phosphate pat hway, as evinced by the studies using the
phosphol i pase A2 and C inhibitor, quinacrine. Prolactin and
growt h hormone, both of which are inportant for the regul ation of
testicular function, act to enhance ODC activity during the
period between inmmaturity and puberty. This enhancenent seens to
be via stimulation of diacylglycerol formation. GH acts to induce
ODC both in the Leydig cells and semniferous tubules, and its

action in both these fractions is nediated via DAG formati on.



TABLE 18
ONTOGENY O GOC ACTIVITY IN THE TESTIS OF RAT

ODC specific activity

Age (pi nol es 14C02/ h/ mgpr ot ei n)
15 days 4310 = 134 (4)
20 days 3203 £+ 222 (4)
25 days 2478 £ 47 (4)
30 days 2259 + 59  (4)
45 days 1240 + 24 (4)

Rats of various ages as indicated were sacrificed and testicular
ODC activity was estimated.

Results are expressed as Mean ¥ SSEEM of 3-4 determinations from
4-5 animals in each group



TABLE 19
EFFECT OF hCG ON CDC ACTIVITY IN | MVATURE RAT TESTI S

ODC specific activity

Tr eat nent (pmoles 14C02/ h/ mgpr ot ei n)

101 (3)

1. Sal i ne 3866 -

2. hCG (2h) 4662 ! 288* (3)
+ * *

3. hCG (4h) 4800 - 50  (3)

Immature animls of age 19-21 days were used. Human chorionic
gonadotropin (hCQ di ssol ved in sal i ne was i nj ected
intratesticularly in s-i1oul of vehicle at a dose of 40 1U/testis
under ether anesthesia. Controls received 5-10ul of vehicle
al one. Aninmals were sacrificed at different tines after injection
as indicated and ODC activity was estimated.

Results are expressed as Mean Y SEM of 3-4 determinations from
4-5 animals in each group

* p< 0.001 as conpared to group 1
** p< 0.001 as conpared to group 1



TABLE 20
EFFECT OF DESENSI TI SATION TO hGCG ON CDC ACTIVITY
IN TESTIS CF | MVATURE RAT

CDC specific activity
Tr eat ment (pi nol es 14co,‘/ h/ mg protein)
1st day 2nd day

-+

1. hCG sal i ne 3661 - 80 (4)
2. saline hCG 4664 - 110* (4)
3. hoG hCG 3203 ¢ 302 (4)

| mature animals of age 19-21 days were used. Animals were given
a first injection of saline or hCG on Day 1, followed by a second
injection 24h later, as indicated. Human chorionic gonadotropin
(hCG dissolved in saline was injected intratesticularly in
5-10u1 of vehicle at a dose of 40 1IU/testis under ether
anesthesia. Animals were sacrificed at 4h after the second
injection and ODC activity was estimated.as i ndi cat ed.

Results are expressed as Mean Y SEM of 3-4 determinations from
4-5 animals in each group.

* p< 0.001 as conpared to group 1
**  p< 0.001 as conpared to group 2



TABLE 21
EFFECT OF VARI OQUS DOSES OF PROLACTI N ON
TESTI CULAR ODC ACTIVITY I N PUBERAL RATS

Treatment ODC specific activity

(ug/testis) (pmoles 14CO2/ h/ ng protein)
1 sal i ne 1355 + 12 (4)
2 PRL (25 ug) 2272 + 46" (4)
3. PRL (50 ug) 1930 + 66"  (4)
4. PRL (100 ug) 1325 + 29 (4)

Puber al male rats of 30 days age were used. Prolactin was
di ssol ved in 0.9% sodium chloride/0.1N NaOH and i njected
intratesticularly in 10ul of vehicle at various doses as
indicated. Animals were sacrificed 4h after injection and ODc
activity was estimated. Controls received 10ul of saline al one.

Results are expressed as Mean Y SEM of 34 determinations from
4-5 animals in each group.

* p< 0.001 as conpared to group 1



TABLE 22
EFFECT OF VAR QUS DOSES OF PRL ON GDC ACTIVITY
IN TESTIS OF | MVATURE RAT

ODC specific activity

Tr eat ment (pi nol es 14co,‘/ h/ mg protein)
1. Sal i ne 1812 1 47 (4)
2. PRL (25 ug) 2649 1 57*  (4)
3. PRL (50 ug) 2248 1 25%%  (4)
4. PRL (100 ug) 1749 ¥ 100 (4

Imature male rats of age 19-21 days were used. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intratesticularly in 1oul of vehicle at various doses as
indicated. Animals were sacrificed 4h after injection and ODc
activity was estimated. Controls received 10ul of saline alone.

Results are expressed as Mean Y SEM of 3-4 determinations from
4-5 animals in each group.

£ p< 0.001 as conpared to group 1
**  p< 0.001 as conpared to group 2



TABLE 23
EFFECT OF QUINACRINE, A PHOSPHOLI PASE | NH Bl TOR,
ON ODC | NDUCTI ON BY PROLACTIN IN TESTIS OF PUBERAL RATS

anC speC|f|c act|V|ty

Tr eat ment (pmoles 1 CI%/ h/ g protein)
0 tinme 30 nin. i
A
1. Saline Sal i ne 1176 £ 30 (4)
2. Qui nacri ne Sal i ne 2091 * 33 (4)
3. Saline PRL 2234 * 168*  (4)
4. Quinacrine PRL 1004 © 44 (4)
B
5. Saline Sal i ne 1618 © 43  (4)
6. Qui nacrine Sal i ne 1672 1 15  (4)
7. Saline PR 2002 £ 6ot (4
8. Quinacrine PRL 1286 34" (a)

Puberal male rats of age 30 days were wused. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaCH and injected
intraperitoneally (A at a dose of 55 ng/kg body weight or
intratesticularly (B) in 1oul of vehicle at a dose of
25ug/testis. Quinacrine was dissolved in sterile water and
injected intraperitoneally (A at a dose of 150 umoles/kg body
wel ght or intratesticularly (B) at a dose of 20umoles/testis, 30
m nutes prior to injection of prolactin. Animals were sacrificed
4h after injection of prolactin and CDC activity was esti mated.
Results are expressed as Mean i
4 5 animals in each group.

p< 0.001 as conpared to group 1
**  p< 0.001 as conpared to group 3
# p< 0.001 as conpared to group 5
## p< 0.001 as conpared to group 7

SEM of 3-4 determ nations from



TABLE 24
EFFECT OF QUINACRINE ON ODC | NDUCTI ON BY PROLACTI N

IN TESTIS OF | MVATURE RAT

CDC specific activity

Tr eat nment (pmoleslqcoq/ h/ mg protein)
O tine 30 min.
1. Saline Sal i ne 1383 1 21 (4
2. Quinacrine Sal i ne 1401 * 33 (4)
3. Saline PRL 2655 ' 24" ()
+ * %
4. Qui nacri ne PRL 889 _ 66 (4)

Immature nmale rats of age 19-21 days were used. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intratesticularly in 1oul of vehicle at a dose of 25ug/testis.
Quinacrine was dissolved in sterile water and i nj ect ed
intratesticularly at a dose of 20umoles/testis, 30 mnutes prior
to injection of prolactin. Animals were sacrificed 4h after
injection of prolactin and ODC activity was estinmated.

Results are expressed as Man ¥ SEM of 34 determnations from
4-5 animals in each group

b p< 0.001 as conpared to group 1
**  p< 0.001 as conpared to group 3



TABLE 25
EFFECT OF QUINACRINE ON CODC | NDUCTI ON BY hCG
IN TESTIS CF | MMATURE RAT

ODC specific activity

Tr eat nent (pmoles 14OO,}/ h/ nmg protein)
1. Sal i ne 1618 * 90 (4)
2. hCG 2952 1 24  (4)
3. Quinacrine + hCG 2374 1 115%* (4)

Immature animals of age 19-21 days were used. Human chorionic
gonadot r opi n (hCG di ssol ved in sal i ne was i nj ected
subcut aneously at a dose of 40 1U/rat. Quinacrine was dissolved
in sterile water and injected intratesticularly at a dose of
20umoles/testis, 30 mnutes prior to injection of hCG Controls
received 5-10ul of vehicle alone. Animals were sacrificed at
different tines after injection as indicated and ODC activity was
est i mat ed.

Results are expressed as Mean Y SEM of 3-4 deterninations from
4-5 animals in each group.

o p< 0.001 as conpared to group 1
**  p< 0.005 as conpared to group 2



TABLE 26
EFFECT O QUI NACRINE ON CDC | NDUCTI ON BY FSH
IN TESTIS OF | MWATURE RAT

ODC specific activity
14

Tr eat nent (pmoles ~'CcO,/ h/ mg protein)
1. Sal i ne 2000 ! 221 (9
2. FSH 3547 1 63*  (4)
3. Quinacrine + FSH 3702 ¥ 185  (4)
| mmat ur e ani mal s of age 19-21 days wer e used.

Follicle-stinulating hornmone (FSH dissolved in saline was
injected intratesticularly at a dose of 40 pg/testis. Quinacrine
was dissolved in sterile water and injected intratesticularly at
a dose of 20umoles/testis, 30 minutes prior to injection of FSH
Controls received s-10ul1 oOf vehicle al one. Animals were
sacrificed at 4h after injection of FSH and ODC activity was
esti mat ed.

Results are expressed as Mean * s.E.M. of 3-4 deterninations from
4-5 animals in each group.

i p< 0.001 as conpared to group 1



TABLE 28

EFFECT OF QUINACRINE ON CDC | NDUCTI ON BY GROMH HORMONE
I N PUBERAL RATS

ODC specific activity

Tr eat ment (pmoles 14c02/ h/ mgpr ot ei n)
0 tine 30 min.
A
1. Saline Sal i ne 1176 ¥ 30 (3)
2. Quinacrine Sal i ne 2091 ! 33 (3)
3. Saline H 3011 ! 65*% (3)
4, Qui nacri ne CH 1860 - 18 (3)
B
5. Saline Sal i ne 1618 © 30 (4)
6.  Quinacrine Sal i ne 1839 T 54 (4
7. Saline cH 4432 ¥ 181t (9
8. Qui nacri ne GH 2503 - 72"%(a4)

Puberal male rats of age 30 days were used. GH was dissolved in
basic saline and injected intraperitoneally (A at a dose of 5.5
ing/ kg body weight or intratesticularly (B) in 10oul of vehicle at
2 dose of 50 ug/testis. Quinacrine was dissolved in sterile water
and injected intraperitoneally (A at a dose of 150 upmoles/kg
body  wei ght or intratesticularly (B at a dose of
20umoles/testis, 30 mnutes prior to injection of GH Animals
were sacrificed 4h after injection of GH and ODC activity was
esti mat ed.

Results are expressed as Man ¥ SEM of 3-4 deterninations from
4-5 animals in each group.

* p< 0.001 as conpared to group 1

**  p< 0.001 as conpared to group 3

# p< 0.001 as conpared to group 5

## p< 0.001 as conpared to group 7



TABLE 29
EFFECT OF QUI NACRINE ON CDC | NDUCTION BY GH IN
SEM NI FEROUS TUBULES AND LEYDI G CELLS FROM TESTI S
OF PUBERAL RATS

ODC specific activity
(pmoles 14CO?/ h/ mg protein)

Tr eat ment Sem ni f er ous Leydi g

t ubul es cells
1, Sal i ne 718 ¥ 43 (3) 900 ¥ 51 (3
21 GH 1559 ¥ 36* (3) 1603 * 4ot (3
3. Q + GH 1258 - 36  (3) 1055 - 28"" (3)

Puberal male rats of age 30 days were used. GH was dissolved in
basic saline and injected intraperitoneal ly at a dose of 5.5
ng/ kg body wei ght. Quinacrine was dissolved in sterile water and
injected intraperitoneally at a dose of 150 umoles/kg body
wei ght , 30 minutes prior to injection of GH.Animals were
sacrificed 4h after injection of GH and Leydig cells and
sem ni ferous tubules were separated as described in Chapter 11.
ODC activity was estinmated from each of the fractions.

Results are expressed as Mean Y SEM of 3-4 determinations from
4-5 animals in each group.

* p< 0.001 as conpared to group 1

**  p< 0.001 as conpared to group 2
# p< 0.001 as conpared to group 1

## p< 0.001 as conpared to group 2



Fig. 17 Ontogenesis of ODC nRNA expression in the testis of rat.

RNA was isolated from the testes of rats of various ages as

i ndi cat ed, and dot blot hybridisation was carried out as

descri bed in Chapter 1I1.

A: Autoradi ogram of RNA dot bl ot analysis

B: Densitometric data of A expressed as relative percent of

maxi mal expression.
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Fig. 18. Effect of human chorionic gonadotropin on ODC
expression in the testis of immture rat.

| muature rats were injected subcutaneously with hCG at a dose of 300
I.U./kg body weight in 1ooul saline. Controls received 100ul
saline. Rats were sacrificed at 2h or 4h after treatment, and RNA
was isolated fromthe testis as described in Chapter 2. Northern
anal ysis was carried out as descri bed.

A: Autoradi ogram of northern blot of RNA fromtestis of controls
and hCG treated rats.

B. Methylene blue stained ribosomal RNA (28S and 18S) of the,
denonstrating equal |oading of the sanples.

C. Densitonmetric data of A expressed as relative percent of
maxi mal expression.
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Fig. 19. Desensitisation of the ODC response to hCG

admnistration in testis of immture rat.

Immature aninmals of age 19-21 days were used. Human chorionic
gonadot ropi n (hCO di ssol ved in sal i ne was i nj ected
intratesticularly in 5-10ul of vehicle at a dose of 40 IU/testis
under ether anesthesia. Goup 1 was given a first injection of hCG
on Day 1, followed by a second injection of saline 24h Ilater.
Goup 2 was given saline on Day 1, followed by hCG on Day 2.
Group 3 was given hCG on both days. Ani mal s were sacrificed at
4h after the second injection, RNA was isolated from the
testis, and dot blot analysis carried as described in Chapter 11.

A.  Autoradiogram of dot blot of RNA from testis of various
groups of hCGtreated rats.

B: Densitometric data of A expressed as relative percent of
maxi mal expression.
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Fig. 20. Effect of quinacrine on PRL-induction of ODC expression

in testis of immture rat.

Immature male rats of age 19-21 days were used. Prolactin was
dissolved in 0.9% sodium chloride/0.1N NaOH and injected
intratesticularly in 1oul of vehicle at a dose of 25ug/testis.
Quinacrine was dissolved in sterile water and I nj ected
intratesticularly at a dose of 20umoles/testis, 30 m nutes prior
to injection of prolactin. Animals were sacrificed 4h after
Injection of prolactin and RNA isolation and dot blot analysis
were carried out as described in Chapter 2.

A:  Autoradiogram of dot blot of RNA from testis of various
groups of PRL-treated rats.

B: Densitometric data of A expressed as relative percent of
maxi mal expression.
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Fig. 21. Effect of quinacrine on FSH induction of ODC expression
in the testis of inmmature rat.

Immature ani mal s of age 19-21 days wer e used.
Follicle-stinmulating hornmone (FSH) dissolved in saline was
injected intratesticularly at a dose of 40 pg/testis. Quinacrine
was dissolved in sterile water and injected intratesticularly at
a dose of 20umoles/testis, 30 mnutes prior to injection of FSH
Controls received S-1oul of vehicle al one. Animals were
sacrificed 4h after injection of FSH . RNA isolation and dot bl ot

anal ysis were carried out as described in Chapter 2.

A.  Autoradiogram of dot blot of RNA from testis of various
groups of FSHtreated rats.

B: Densitonetric data of A expressed as relative percent of
maxi mal expression.
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SUMMARY
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1. Prolactin caused induction of ODC nRNA and enzyme levels in

the liver and kidney of adult male rats.

2. The extent to which PRL induced ODC nRNA expression was
greater in castrated than in intact rats. However, the reverse
was seen in the case of ODC activity. This suggested a possible

effect of testosterone on PRL induction of CODC in kidney.

3. The action of prolactin in enhancing renal ODC activity and

expression involved the process of transcription.

4. In kidney and liver, treatnent with cycl oheximde inhibited
the action of prolactin in enhancing ODC activity, indicating
that de novo protein synthesis is necessary for this action of

prol actin.

5. Inhibition of diacylglycerol formation by the phospholipase C
i nhibitor quinacrine caused an inhibition of prolactin induction
of ODC, indicating that this effect of prolactin nmay be nedi ated

via this pathway.

6.Further confirmation of the above suggestion was nade by the
observation that the protein kinase C inhibitor quercetin was
al so able to block the effect of prolactin in inducing ODC. Thus,
in the liver and kidney, prolactin seens to act via the inositol

phosphat e- prot ei n ki nase pathway to induce ODC.

7. The effects of growmh hornmone in the liver and kidney were

investigated and this hornone was shown to induce both ODC
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activity and expression in these organs of the rat.

8. The effects of growth hornone in inducing ODC nRNA expression
wer e much higher in intact than in castrated rats, indicating an
effect of testosterone simlar to that seen in the case of

prol actin.

9. Ongoing transcription was observed to be necessary for the

action of GH on CDC.

10. cCycloheximide treatnent confirnmed that the effect of GH in

enhanci ng ODC reguired de novo protein synthesis.

11. Testicular ODC activity was observed to decrease with the age

of the rat, whereas ODC nRNA expression showed an opposite trend.

12. Human chorioni ¢ gonadotropin(hcG) enhanced ODC activity and

MRNA expression in the testis of immture rat.

13. Desensitisation of the ODC response to hCG was seen to occur

at the levels of both ODC activity and nmRNA expression.

14. The effect of hCG on ODC was not nediated via diacyl glycerol

formati on.

15. .Follicle-stimulating hornone was seen to induce both ODC

activity and expression in the immature rat testis.

16. The effect of FSH, I|ike that of hCG was not nediated via
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di acyl gl ycerol formation.

17. PRL stinulated ODC in the testis during the period between

immaturity to puberty.

18. The effect of PRL on ODC in the testis was nediated via
di acyl gl ycerol formation, as indicated by the wuse of the

phosphol i pase inhibitor, quinacrine.

109. Gowh hormone induced ODC in the rat testis between

immaturity and puberty.

20. The effect of GH was observed to occur in both the

sem ni ferous tubules and Leydig cells.

21. The effect of GH on ODC in testis is nmediated via stinulation

of diacylglycerol fornmation



BIBLIOGRAPHY



73

Abel of f, MD., Slavik, M, Luk, GD., Giffin, c.A., Hermann, J.,
Blane, 0., Sjoerdsma, A and Baylin, S.B. (1984) Phase | trial
and pharmacokinetic studies of alpha-difluoromethylornithine —
an inhibitor of polyam ne biosynthesis. J. Clin. Oncol. 2: 124

Al civar, A, Hake, L.A, Mili, P, Kaipia, A, Parvinen, M and
Hecht, B. (1989). Developnental and differential expression of
the ODC gene in rodent testis. Biol. Reprod. 41: 1133-1142

Anderson, N.G (1992). G owh hornone activates m togen-activated
protein kinase and S6 kinase and pronotes intracellular tyrosine
phosphorylation in 3T3-F442A preadi pocytes. Biochem. J. 284:
649- 652

Aragona, C. , Bohnet, HG and Friesen, H G (1976). Prolactin
binding sites in the nmle rat Iliver following castration.
Endocri nol ogy 99: 1017-1022

Auvi nen, M, Paasinen, A, Andersson, L.C. and Holtta, E. (1992).
ornithine  decarboxyl ase activity is critical for cel |
transformati on. Nature 360: 355-358

Bachrach, U (1973). In: Functions of naturally occurring
polyamines. Academ ¢ Press, New YorKk.

Bar cel |'i ni - Couget, S, Dogl i o, A and Dani, C (1993)
Regul ati on of c-fos proto-oncogene expression by growth hornone:
protein synthesis 'S not required for down-regul ati on.

Endocrinol ogy 132(4): 1875-1877.

Bardin, C W, Shaha, C , Mther, J., saloman, Y., Margioris,
AN , Liotta, A S., Cerendai, |., Chen, c.L. and Krieger, DT.
(1984) . Identification and possi bl e function of
pro-opiomelanocortin derived peptides in the testis. Ann. N.Y.
Acad. Sci. 438: 346

Baroni, C. (1967) Thymus, peripheral 1lymphoid tissues and



74
immunological responsiveness of the pituitary dwarf mouse.
Experientia 23: 282-283

Bartke, A., Goldnman, B.D., Bex, F.J., Kelch, RP., Smth, MS.,
Dalterio, S. and Doherty, P.C (1980). Effects of prolactin on
testicular regression and recrudescence in the golden hanster.
Endocri nol ogy 106: 167-172

Bayat-Sarmadi, M and Houdebine, L. (1993). Effect of various
protein kinase inhibitors on the induction of mlk protein gene
expression by prolactin. Mol. Cell. Endocrinol. 92: 127-134

Behringer, RR, Lewn, T.M, Quaife, CJ., Palmiter, R D.,
Brinster, R L. and D Ercole, J. (1990). Expression of
insulin-like growh factor | stinmulates normal somatic growh in
GH deficient transgenic mce. Endocrinology 127: 1033-1040.

Berger, F.J., Szymanski, P., Read, E and Watson, G (1984).
Andr ogen-regul ated ornithine decarboxyl ase mRNAs of nouse ki dney.
J. Biol. Chem 259 (12): 7941-7946

Bl ackshear, Pp.J., Manzella, J.M, Stumpo, D.J., Wen, L., Huang,
J-K Oyen, Qand Young,III, WS (1989). H gh [|evel,
cell-specific expression of ornithine decarboxylase transcripts
inrat genitourinary tissues. Ml. Endocrinol. 3: 68-78

Brandt, J.T., Pierce, DA and Fausto, N (1972). O nithine
decar boxyl ase activity and polyamine synthesis during kidney
hypertrophy. Biochim. Bi ophys. Acta 279: 184-193.

Buckl ey, A.R., Putnam CW and Russell, DH (1985). Prolactin

Is a tunor pronoter in rat liver. Life Sciences 37: 2569-2575.
Buckl ey, aA.R., Putnam C W, Mntgonery, D W and Russell, DH
(1986). Prolactin adm nistration stinmulates rat hepatic DNA

synt hesis. Biochem. Bi ophys. Res. Commun. 138: 1138-1145

Buckley, AR, Putnam CW, Evans, R , Laird, H.E., |l, Shah,



75
G N, Mntgonery, D:W. and Russell, D.H (1987). Hepatic protein
kinase C.translocation stimulated by prolactin and partial
hepatectomy.

Buckley, AR, Cow, PD and Russell, DH (1988). Rapid
activation of protein kinase C in isolated rat liver puclei DY
prolactin, a known hepatic mitogen. Proc. Nat. Acad. Sci. (USA

85: 8649-8653.

Buckley, A R , Rao, Y., Buckley, D J. and Gout, P. w. (1994).
Prol actin-i nduced phosphorylation and nuclear translocation of
MAP ki nase in Nb2 lymphoma cells. Biochem. Biophys. Res. Commun.
204: 1158-1164.

Buskila, D. Sukenik, S and Shoenfeld, Y. (1991). The possible
role of prolactin in autoimmunity. Am J. Reprod. Immunol. 26:
118-123.

Butler, A.P., Mar, P.K, MDonald, F.F. and Ransay, R L. (1991).
I nvol venment of protein kinase C in the regulation of ODC nRNA by
phorbol esters in rat hepatoma cells. Exp. Cell Res. 194: 56-61.

Catalioto, R , Ailhaud,G and Negrel, R (1990). Diacylglycerol
production induced by growh hornone in O0B1771 preadi pocytes
ari ses from phosphati dyl chol i ne breakdown. Bi ochem Biophys. Res.
Commun. 173: 840-3848

Catt, K J., Baukal, A.J., Davies, T.F. and Dufau, ML. (1978).
Luteinizing hornone-releasing hornone induced regulation of
gonadotropin and prolactin receptors in the rat testis.
Endocri nol ogy 104: 17-

Catt, K J., Harwood, J.pP., Cayton, RN, Davies, T.F., Chan, V.,
Kati Kinemi, M, Nozu, K, and Dufau, ML. (1980) Regulation of
peptide hornone receptors and gonadal steroidogenesis. Rec. Prog.
Horm. Res. 36: 557-662.

Chomczynski, P. and Sacchi, N (1987). Single-step nethod of RNA



76
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal. Biochem 162: 156-159

Chomczynski, P. (1992). Solubilization in formamide protects RNA
fromdegradation. Nucl. Acids Res. 20(14): 3791-3792

Cof fi no, P. (1989). I n: S-I. Hayashi, (ed.), O nithine
decar boxyl ase: biology, enzymology, and molecular genetics.
Pergamon Press, New Yor K. Mol ecul ar  bi ol ogy of eukaryotic
orni t hi ne decarboxyl ase. pp 135-144.

Cooke, B.A, Golding, M, Dx, CJ.H and Hunter, MG (1982),.
Catecholamine stimulation of testosterone production via cyclic
AVMP in mouse Leydig cells in nonolayer culture. Mol. Cell.
Endocrinol. 27: 221-

Crowe, P. D, Buckley, A.r., Zorn, NE and Rui, H (1991).
Prol actin activates protein Ki nase C and stinul at es
grow h-related gene expression in rat [|iver. Mol . Cell.
Endocrinol. 79: 29-35

Danzin, C., Jung, MJ., Caverie, N, Gove, J., Sjoerdsma, A
and Koch-Weser, J. (1979). Effect of o-difluoromethylornithine,
an enzyme- acti vat ed irreversible I nhi bi tor of orni t hi ne
decar boxyl ase, on testosterone-induced regeneration of prostate
and sem nal vesicle in castrated rats. Biochem J. 180: 507-513.

Danzin, c., Claverie, N, Wgner, J., Gove, J. and Koch-Wser,
J. (1982). Effect on prostatic growh of 2-difluoromethyl
ornithine, an effective inhibitor of ornithine decarboxylase.
Bi ochem J. 202: 175-181.

Dar denne, M , do carmo Leite de Moraes, M, Kelly, P. A and
Gagnerault, M (1994). Prolactin receptor expression in human
hematopoietic tissues anal ysed by flow cytofluorometry.
Endocri nol ogy 134: 2108-2114.



77
David, M, Petricoin, E. F. III; lgarashi, K., Feldmann, G M.,
Finbloom, D. S. and Larner, A C (1994). Prolactin activates the
interferon-regulated p91 transcription factor and the Jak2
ki nase by tyrosi ne phosphorylation, Proc. Nat. Acad. Sci. (USA
91: 7174-7178.

Davis, R H, Mrris, DR and Coffino, P. (1992). Sequestered end
products and enzyne regulation: the case of orni t hi ne
decar boxyl ase. M crobiol. Rev. 56(2): 280-290.

de las Heras, M A and calandra, R S. (1987). Androgen-dependence
of ornithine decarboxylase in the rat epididyms. J. Reprod.
Fert. 79: 9-14.

de Las Heras, MA and Calandra, R S. (1992). Acute effect of
prolactin on ornithine decarboxylase activity in the rat testis.
Arch. Androl. 29(3): 271-279

Desai, L.S., Lazarus, H, Li, c.H. and Foley,GH (1973). Human
leukemic cells: effect of human growh hornone. Exp. Cell Res.
81: 330-332.

Doglio, A, Dani, C, Grimaldi, P. and Ailhaud, G (1986). G owth
hor none regul ation of the expression of differentiation-dependent
genes in preadi pocyte Gb 1771 cells. Biochem. J. 238: 123-129.

Doglio, A, Dani, C., Gimldi, P. and Ail haud, G (1989). Gowh
hornmone stinulates c-fos gene expression by neans of protein
ki nase C without increasing inositol lipid turnover. Proc. Natl.
Acad. Sci. (USA) 86: 1148-1152

pombrowicz, D., Sente, B., Cosset, J. and Hennen, G (1992).
Pose-dependent effects of human prolactin on the immuature
NnYpophysectomised rat testis. Endocrinology 130: 695-700

£tindi, R A and Rillema, J.A. (1987) . Effect of a kinase
inhibitor, gossypol, on the actions of prolactin in cultured
nouse manmary tissues. Biochim. Biophys. Acta 927: 345-349.



78

Fausto, N (1971). The control of ornithine decarboxyl ase
activity during liver regeneration. Biochim. Biophys. Acta 238:
116-128

Feinstein, S.C., Dana, S L., McConlogue, L., Shooter, E M and
Coffino, P. (1985). Nerve growh factor rapidly induces ornithine
decarboxylase nRNA in PC 12 rat pheochromocytoma cells. Proc.
Natl. Acad. Sci. (USA) 82: 5761-5765

Fozard, J.R, Part, ML., Prakash, NJ. and Gove, J. (1980a).

I nhi bition of murine enbr yoni c devel opnent by al pha
di fl uoronet hylornithine, an irreversible inhibitor of ornithine
decar boxyl ase. Eur. J. Pharmacol. 65: 379

Fozard, J.R, Part, ML; Prakash, NJ., Grove,J., Schechter,
P.J., Sjoerdsma, A and Koch-Wser, J. (1980b). Ornithine
decar boxyl ase: an essential role in manmalian embryogenesis.
Sci ence 208: 505-508.

Galliani, G and Luzzani,F. (1983). Contragestational effects of

DL-a-difluoromethylornithine, an irreversible i nhi bitor of
ornithine decarboxyl ase, in the hanster. Contraception 28:
159-170

Gertler, A, Walker, A and Friesen, H G (1985). Enhancenent of

human growt h hornone-stinulated mitogenesis of Nb2 node lymphoma
cells by 12-0-tetradecanoyl-phorbol-13-acetate. Endocrinol ogy 116:
1636- 1644

Gluckman, P.D., Bullet, J.H and Elliott, T.B. (1983) The
ont ogeny  of somatotropic binding sites in ovine  hepatic
menbranes. Endocrinol ogy 112: 1607-1612.

Golde, D. W and Ber sch, N. (1977). G ow h hor none:
species-specific stinulation of erythropoiesis in vitro. Science
196: 1112-1113.



79
Golde, D.W., Bersch, N and Li, CH. (1978). Gowth hormone
nmodul ati on of murine erythroleukemia cell growth in vitro. Proc.
Natl. Acad. Sci. (USA) 75: 3437-3439.

Gonzal ez, S.1., Chandrashekar, V., Shire, J.G.M., Luthy, I.A,
Bart ke, A and Cal andr a, R S. (1991). Effects of
hyperprol actineinia on ornithine decarboxylase activity and
pol yam ne | evel s in sem nal vesi cl es of genetically

prol actin-deficient adult dwarf mce. Biol. Reprod. 44: 321-~326.

Gonzal ez, S 1., Suescun, M. 0., Rulli, S B., Estivarez, P. and
Calandra, R S. (1994). Modulation of ornithine decarboxyl ase
activity by prolactin in seminal vesicles of the rat. Int. J.

Androl . 17: 143-148

Goto, H., Mat sui - Yuasa, |I., Qani, S, Mori sawa, S.,
Ni shi zawa, Y. and Morii, H (1991). Efects of parathyroid
hormone on ornithine decarboxylase activity in human osteosarcoma
cells. Arch. Biochem. Bi ophys. 286 (2): 316-322

Green, H, Mrikawa, M and N xon, D. (1985). Differentiation
29: 195-198

Greenberg, ME., Geen, LA and zZiff, E B (1985). Nerve growth
factor and epidermal growh factor induce rapid changes in
proto-oncogene transcription in PC 12 cells. J. Biol. Chem 260:
14101-14110.

Gurland, G , Ashcom, G, Cochran, B.H and Schwartz, J. (1990).
Rapid events in growh hornmobne action. Induction of c¢-fos and
c-jun transcription in 3T3-F442A preadi pocytes. Endocrinol ogy 127:;
3187-3195.

Guyette, WA, Mat usi k, R J. and Rosen, J. M (1979).
Prol actin-nmedi ated transcriptional and post- transcriptional

control of casein gene expression. Cell 17: 1013-1023.

Handelsman, D.J., Spaliviero, J.A. Scott, CD. and Baxter, R c.



80
(1985). Identification of insulin-like growh factor | and its
receptors in the rat testis. Acta Endocr. Copenh. 109: 543.

Hartmann, D P., Holaway, J.W and Bernton, E W (1989). FasEB J.
3: 194-202

Hayashi , s-I. (1989). In: S-1 Hayashi (ed), O ni thine
decar boxyl ase: bi ol ogy, enzymology and molecular denetics.
Pergamon Press, New Yor k. Mol ecul ar biology of eukaryotic
orni t hi ne decarboxyl ase. pp 35-45.

Heby, o0., Marton, L.J., WIlson, CB and Martinez, HM (1982).
J. Cell. Physiol. 86: 511

Heller, J.S., Fong, WF., and Canellakis, E. S. (1976) Induction
of a protein kinase inhibitor to ornithine decarboxylase by the
end products of its reaction. Proc. Natl. Acad. Sci . U S A 73:
1858.

Horrobin, DF. (1980). Prolactin as a regulator of fluid and
el ectrol yte metabloism in mammals. Fed. Proc. 39: 2567-2570.

Hoshino, K (1988) In: Prolactin gene famly and its receptors.
Ed. K Hoshino pp 1-12. Excerpta Medica, Elsevier, Ansterdam

Hsueh, A J.W, Wlsh, T.H and Jones, P.B.C. (1981). Inhibition
of ovarian and testicular steroidogenesis by epidermal growth
factor. Endocrinol. 108: 2002-

Huber, B.E. and Brown, N A (1982). Developnental patterns of
ornithine decarboxylase activity in organogenesis phase rat
enbryos in culture and in utero. In Vitro 18: 599

Hurley, T.W , Kuhn, c<¢.M., Schanberg, S M and Handwerger, S
(1980). Differential effects of placental |actogen, growth
hormone and prolactin on rat |liver ornithine decarboxylase
activity in the perinatal period. Life Sci. 27.: 2269-2275.



81
Janne, Y+, Raina, A and Simes, M (1968). Mechanism of
stimulation of Polyamine synthesis by growh hormone in rat
liver. Biochim Biophys. Acta 166: 419-426.

Janne, J. and Raina, A (1969). on the stimulation of ornithine
decar boxyl ase and RNA polymerase activity in rat |liver after
treatment with growth hornone. Biochim Biophys. Acta 174:
769-779

Janne, J. and WIIlians-Ashman, H G (1972). 1In: Advances in
Enzyme Regul ati on, Wber, G, ed., Vol.10: pp225, pergamon Press,
Inc., Oxford and New YorKk.

Jara, L. J., Lavalle, C , Fraga, A, Gonez-Sanchez, C, Silveira
L. H Martinez-GCsuna, P., CGermain, B. F. and Espinoza, L. R
(1991). Prolactin, immunoregulation and autoi mune diSseases.
Semin. Arthritis Rheum 20: 273-284.

Johnson, R M , Napier, M A, Conin, M J. and King, K L.
(1990). G owh hornmone stinulates the formation of sn-1,2-diacyl
gl ycerol in rat hepatocytes. Endocrinol. 127: 2099-2103.

Kaipia, A., Toppari, J., Mali, P., Kangasniemi, M , Alcivar, A
A., Hecht, N B. and parvinen, M (1990). Stage and cell-r,peci f ic
expression of the ornithine decarboxylase gene during rat and
nouse spermatogenesis. Mol. Cell. Endocrinol. 73: 45-52

Kameji, T., Fujita, K , Noguchi, T., Takiguchi, M, Mri, M,
Tati bana, M and Hayashi, S (1984). Cell-free synthesis of
orni t hi ne decar boxyl ase: changes in nRNA activity in the liver of
thioacetamide-treated rats. Eur. J. Biochem. 144: 35-39

Kameji, T., Mirakam, Y., Takiguchi,M., Mri, M , Tatibana, M
and Hayashi, S. (1987). Effect of dietary protein source on the
activity of polysomal ornithine decarboxylase messenger RNA in
rat liver. J. Nutr. 117: 1801.

Kanamoto, R , Boyle, S M, Ga, T. and Hayashi, S. (1987).



82
Mol ecul ar mechanisms of the synergistic induction of ornithine
decar boxyl ase by asparagine and glucagon in primary cultured
hepat ocytes. J. Biol. Chem 262: 14801-14805.

Kapyaho, K , Kallio, A and Janné, J. (1984). Differential effects
of 2-difluromethylornithine and methylglyoxal bi s(guanyl)
hydrazone on the testosterone-induced growh of ventral prostate
and sem nal vesicles of castrated rats. Biochem. J. 219: 811-817.

Kasson, B. C, Meidan, R. and Hsueh, A J.W (1985). Identification
and characterisation of arginine vasopressin-like substances in
the rat testis. (1985). J. Biol. Chem 260: 5302

Katz, A and Kahana, C. (1987) Transcriptional activation of
mammal i an ornithine decarboxylase during stinulated growth. Mol.
Cell Biol. 7: 2641-2643.

Kelly, P.A., Seguin, C, Cusan, L. and Labrie, F. (1980). Biol.
Reprod. 23: 924-928.

Kimura, K , Katoh, N, Sakurada, K and Kubo, S. (1984).
Phosphol i pi d-sensitive Ca2+- dependent protein kinase system in
testis: localization and endogenous substrates. Endocrinol ogy 115:

2391- 2399.

Koduri, P.B. and Rillema, J.A. (1993). Effects of cholera and
pertussis toxins on prolactin stimulation of |actose synthesis
and ornithine decarboxylase activity in nouse namuary gland
explants. Proc. Soc. Exp. Biol. Med. 203: 424-427.

Lavia, L.A, Stohs, SJ. and Lenpbn, HM (1983). Polyamine
bi osynt heti c decarboxl ase activities following estradiol 17-8 or
estriol stimulation of the immture rat uterus. Steroids 42:
609- 618.

Levine, J.H, N cholson, WE., Liddle, GW and Oth, DN
(1973) . Stimulation of adrenal ornithine decarboxylase by
adrenocorticotropin and growth hornone. Endocrinol ogy  92:



83
1089- 1095.

Levine, J.H, Learning, A B. and Gross, A.J. (1980). Location of
renal ornithine decarboxylase activity. Life Sciences 27:
1653- 1657

Li X and Coffino, P. (1993). Degradation of ornithine
decar boxyl ase: exposure of the Gtermnal target by a polyamine-
i nduci bl e inhibitory protein. Mol. Cell Biol. 13: 2377-2383.

Lowkvist, B., Emanuelsson, H and Heby, 0. (1983). Effects of
polyamine limtation on nucleolar devel opnent and norphology in
early chick enbryos. Cell. Differ. 12: 19

Lowy, O.H., Rosebrough, NJ., Farr, A L. and Randall, RJ.
(1951). Protein neasurenent with Folin-phenol reagent. J. Biol.
Chem. 193: 265

Luzzani, F., Colonbo, G and Galliani,G (1982). Evidence for a
role of progesterone in the control of wuterine ornithine
decar boxyl ase in the pregnant hanster. Life sci. 31: 1553-1558

Madhubal a, R and Reddy, P.RK (1980a). Effect of prostaglandins
on ornithine decarboxylase activity in the testis of immature
rat. Prostagl andins 20: 503-5

Madhubal a, R and Reddy, P.R K (1980b). Stinmulation of ornithine
decar boxyl ase activity by prostaglandins in the isolated cells of
immature rat testis. FEBS Lett. 122: 197-

Madhubal a, R and Reddy, P.RK (1981). Effect of catecholamines
on ornithine decarboxylase activity in the testis of inmature
rat. Biochem. Bi ophys. Res. Commun. 102: 1096-

Madhubala, R and Reddy, P.RK (1982). Stinulation of ornithine
decarboxyl ase activity by luteinizing hornone releasing hornone
in the testis of immature rat. Biochem Biophys. Res. Commun.
109: 269-



84

Madhubala, R and Reddy, P.RK (1983). Inhibition of epinephrine
and gonadotropi c hornone induced ornithine decarboxylase activity
by phenoxybenzamne in the testis of immature rat. FEBS Lett.
152: 199-

Madhubala, R and Reddy, P.RK (1985). Desensitisation of
testicular ornithine decarboxylase to gonadotropin releasing and
gonadot ropi ¢ hormones. Biochem Int. 11: 225-

Maes, M., de Hertogh, R, Watrin-Granger, P. and Ketel sgers, J.M.
(1983) . Ontogeny of liver somatotropic and |actogenic binding
sites in male and female rats. Endocrinology 113: 1325-1332.

Maiter, D., Underwood, L.E., Mes, M. and Ketelslegers, J. M
(1988). Acute down-regulation of the somatogenic receptors in rat
liver by a single injection of growh hormone. Endocrinology 122:
1291-1296.

Manni, A, Wight, C, Hsu, C and Hammond, J. (1986). Polyamines

and autocrine control of tumor growh by prolactin in
experi nment al breast cancer in culture. Endocrinol ogy 119:
2033- 2037

Martin, J.V., Watt, RJ. and Mendel son, WB. (1989). Effect of
exertion on the stinmulation of ornithine decarboxylase activity
by growt h hornone in rats. Life Sci. 44: 1871-1875.

tfathews, L.S., Nor st adt , G and Palmiter, R D. (1986) .
Regul ation of insulin-like growh factor | gene expression by
growth hornone. Proc. Natl. Acad. Sci. (USA) 83: 9343-9347.

McMurray, R, Keisler, D., Kanuckel, K, Tzui, S. and Wl ker, S.
E. (1991) . Prolactin influences autoimmune disease activity in
the femal e B Wnouse. J. Imunol. 147: 3780- 3787.

Meites K . (1988). Biological functions of prolactin in mammals.
In: K Hoshino, ed. Prolactin gene famly and its receptors:



85
nol ecul ar biology to «clinical probl ens. El sevi er Sci ence
Publ i shers, Ansterdam

Meyer, N, Prentice, DA, Fox, M.T. and Hughes, J.p. (1992).
Prolactin-induced proliferation of the Nb2 T-lymphoma 1S
associated with Protein Kinase-C- jndependent phosphorylation of
stathmin. Endocrinol ogy 131(4): 1977-1984

Morris, D.R and Fillingame, R.H. (1974). Regulation of amno
aci d decarboxyl ati on. Annu. Rev. Biochem. 43: 303

Moshier, J. A, Dosescu, J., Skunca, M and Luk, GD (1993)
Transformation of NH3T3 cells by ornithine decarboxylase
overexpression. Cancer Res. 53: 2618-2622

Moyle, W.R. and Ramachandran, J. (1973). Ef f ect of
steroi dogenesis and CcAW accurmulation in rat Leydig cell
preparati ons and nouse tunor Leydig cells. Endocrinology 93: 265.

Mukherjee, P., Mastro, A M. and Hymer, W.C. (1990). Prolactin
i nduction of interleukin-2 receptors on rat splenic |ynphocytes.
Endocri nol ogy 126: 88-94.

Mur phy, B.J. and Brosnan, ME. (1976). Subcellular 1|ocation of
ornithine decarboxylase in liver of control and growth-hornone

treated rats. Biochem J. 157: 33-309.

Mur phy, L.C, Lee-Wng, M., GColdenberg, GJ. and Shiu, R.P.C.
(1987a). Cancer Res. 47: 4160-4164.

wMur phy, L.C., Tsuyuki, D., Myal, Y. and Shiu, RP.C. (1987b).
| sol ati on and seguenci ng of a CcDNA cl one for a
prolactin-inducible gene. J. Biol. Chem 262: 15236-15241

Nagy, E. and Berczi, 1. (1978). Acta Endocrinol. 102: 351-357

Nakhla, A M (1987). Calcitonin induces ornithine decarboxyl ase



86
in various rat tissues. Mol. Cell. Endocrinol. 52: 263-265

Ni chol son, H. D., Swann, R W, Burford,G.D., Wathes, D.C., Porter,
D.G and Pickering, B. T. (1984). 1Ildentification of oxytocin and
vasopressin in the testis and in adrenal tissue. Regul. Peptides
8: 141

Nicoll, C s.; Herbert, M J. and Russell, S M. (1985).
Lact ogeni ¢ hormones stimulate the liver to secrete a factor that
acts synergistically with PRL to pronote growh of the pigeon
crop-sac mucosal epitheliumin vivo. Endocrinology 116: 1449-1453

Ni shioka, K. , Rohmsdahl, M.M., Fritsche Jr., HA and Johnson,
DA (1978). In: Advances in Polyamine Research (Canmpbell, R A,
ed.). Vol.2: 265, Raven Press, New York.

O enstein, J. P. and Rillema, J. A (1987). Possible involvenent
of the phospholipases in the mtogenic actions of prolactin on
Nb2 node lymphoma cells. Proc. Soc. Exp. Biol. Med. 185: 147-152

Pakarinen, P., Vihko, K K , Voutilainen, R and Huhtaniemi, A
(1990) . Differential response of LH receptor and steroidogenic
enzynme gene expression to hGCG stinulation in the neonatal and
adult rat testis. Endocrinology 127: 2469-2474

Panagiotidis, c.a., Huang, s.c. and Canellakis, E. S. (1989) 1In:
Ornithine Decarboxyl ase: Bi ol ogy, Enzymology and Mbl ecul ar
Genetics. pp 107 (Hayashi, S-I., ed.), Pergamon Press. The
relationship of S20/L26 and L 34 ribosonmal proteins to polyam ne
bi osynthesis and protein synthesis.

Park, S K, Gattan, DR and Selmanoff, M (1993). Differential
effects of adrenalectomy on the prolactin-induced suppression of
LH and FSH secretion after castration in male rats. J. Reprod.
Fertil. 99: 209-217.

Pegg, A E. (1988) . Polyamne netabolism and its inportance in
neoplastic growh and as a target for chenotherapy. Cancer Res.



87
48: 759-774

Pegg, A. E. (1989) In: Ornithine decarboxylase: Bi ol ogy,
enzymology and mol ecul ar genetics. Ed. S. Hayashi pp 21. pergamon
press.

Persson, L., Seely, J. E. and Pegg, A E. (1984). Investigation
of structure and rate of synthesis of ornithine decarboxylase
protein in mouse kidney. Biochemstry 23: 3777-3788

Pohj anpelto, P. and Knuutila, S. (1982). Polyamine deprivation
causes major chromosome aberrations in a polyamine-dependent
Chinese hamster ovary cell line. Exp. Cell Res. 141: 333-339.

Pohjanpelto, P. and Knuutila, S. (1984). 1Induction of major
chromosome aberrations in CHO cells by a-difluoromethylornithine.
Cancer Res. 44: 4535-4539.

Rao, Y-P., Olson, M.D., Buckley, D.J. and Buckley, A R (1993).
Nucl ear co-localization of prolactin and the prolactin receptor
in rat Nb2 node |ymphoma cells. Endocrinology 133(6): 3062-3065.

Reddy, P.R. K. and Villee, CA. (1975). Stimulation of ornithine
decarboxyl ase activity by gonadotropic hormones and cyclic AMP in
the testis of immature rats. Biochem. Biophys. Res. Commun. 65:
1350- 1354.

Reddy, P. R. K. and Rukmini, V. (1981). «a-difluoromethylornithine
as a postcoitally effective antifertility agent in female rats.
Contraception 24: 215-221

Reddy, B.V., Madhubala, R, and Reddy, P.R K (1986) Stimulaiton
of ornithine decarboxylase activity by arginine vasopressin.
Bi ochem Int. 13: 109-114.

Reddy, B.V., Madhubal a, R, and Reddy, P.R. K. (1987)
Desensitization of i mmat ure rat testicular ornithine
decar boxylase to arginine vasopressin. Biochem Int. 15: 545-552,



88

Reddy, P.M.S. and Reddy, P.RK (1990). Effect of prolactin on
DNA nethylation in the liver and kidney of rat. Mo1. Cell.
Biochem. 95: 43-47

Richards, J. F. (1975). OQOnithine decarboxylase activity in
tissues of prolactin-treated rats. Biochem Biophys. Res. commun.
63(1): 292-299

Richman, R A., Underwood, L. E., van Wyk, J. J. and Voina, S. J.
(1971). Synergistic effect of cortisol and growh hornone on
hepati c ornithine decarboxylase activity. Proc. Soc. Exp. Biol.
Med. 138: 880-884

Rillema, J.A. (1980). Mechanism of prolactin action. Fed. Proc.
39: 2593-2598

Rillemm, J. A, Canpbell, G S., Lawson, DM and Carter-Su, C
(1992) . Evidence for a rapid stinmulation of tyrosine kinase
activity by prolactin in No2 rat 1lymphoma cells. Endocrinol ogy
131: 973-975.

Ri skind, P. N, Mussacesi, L., Doolittle, T. H and Hauser, S. L.
(1991). The role of prolactin in autoinmmune demyelination:
suppression of experi nment al allergic encephalonyelitis by
bronocri ptine. Ann. Neurol. 29: 542-547.

Roger, L.J., Schanberg, S M and Fellows, R.E. (1974). Gowth and
| actogenic hornone stinulation of ornithine decarboxylase in
neonatal rat brain. Endocrinology 95: 904-910.

Rogers, S A and Hammerman, M R. (1989). Proc. Natl. Acad. Sci.
USA 86: 6363-6366.

Rui, H Deu, J. Y., Evans, G A, Kelly, P. A and Farrar, W L.
(1992). Prolactin receptor triggering. Evidence for rapid
tyrosi ne kinase activation. J. Biol. Chem 267: 24076-24081.



89
Russell, D.H and Lombardini, J.B. (1971). Biochim. Biophys.
Acta 240: 273-286.

Russell, D.H, Larson, DF., Cardon, S B and Copeland, J.G
(1984). Cyclosporine inhibits prolactin induction of ornithine
decar boxylase in rat tissues. Mol. Cell. Endocrinol. 35: 159-166

Russell, D.H, Buckley, A R, Montgomery, D W, Larson, NA,

Gout, P.W., Beer, CT., Putnam CW, Zukoski, CF. and Kibler,
R (1987). Prolactin-dependent mitogenesis in Nb 2 node lymphoma
cells: effects of immunosuppressive cyclopeptides. J. | munol.
138: 276-284

Sairam, M.R. (1979) Prostaglandins 17: 929.

Sambrook, J., Fritsch, EF., and Maniatis, T. (1989) Mol ecul ar

cloning: A laboratory Manual 2nd edition. C Nolan ed. Vol | pp
1. 40.

Scal abrino, G and Ferioli, ME  (1976). In vivo hornonal
i nducti on of orni t hi ne decar boxyl ase in r at ki dney.

Endocri nol ogy 99: 1085-1090.

Schantz, L. M and Pegg, A E (1994). Overproduction of
ornithine decarboxylase caused by relief of transl ati onal
repression is associated with neoplastic transformation. Cancer
Res. 54: 2313-2316

Scharfmann, R , Atoup, F. , Tazi, A and Czernichow, P. (1994).
Growt h hornone and prolactin regulate the expression of nerve
gromh factor receptors in 1INS-1 cells. Endocrinology 134:
2321-2328.

Schuber, F. (1989). Influence of polyamines on nenbrane
functions. Biochem. J. 260: 1-10

Sharpe, R M, Fraser. HM, Cooper, |I. and Rommerts, F.F. G
(1982). The secretion, measurement and function of a testicular



90
LHRH-1like factor. Ann. N Y. Acad. Sci. 383: 272

Slotkin, T.A, Seidler, F.J., Whitmore, W.L., Wigel, SJ.,
Sl epetis, RJ., Lerea, L., Trepanier, P.A. and Bartoleme, J.
(1983). Critical periods for the role of ornithine decarboxyl ase
and the polyamines in growh and devel opnent of the rat: effects
of a-difluoromethylornithine during discrete pr enat al or
postnatal intervals. Int. J. Dev. Neurosci. 1: 113.

Snow, E.C., Feldbush, T.L. and oOuks, J.A. (1981). J. Immunol.
126: 161-164.

Sogani, R K, Mitsushita, S., Mieller, J.F. and Raben, MS.
(1972) . Stinulation of ornithine decarboxylase activity in rat
tissues by growth hornmone and by serum growh factors from rats
infested wth spargana of Spirometra mansonoides. Biochim.
Bi ophys. Acta 279: 377-386.

Stastny, M and Cohen, S. (1970). Epidermal growth factor: the
I nduction of ornithine decarboxylase. Biochim Biophys. Acta 204:
578-589.

Steinberger, E. (1971). Hor nonal control of manmal i an
spermatogenesis. Physiol. Rev. 51: 1

Toilet, P., Enberg, B. and Mdde, A (1990). Mol. Endocrinol. 4:
1934-1942.

Wallon, U M, Persson, L., and Heby, o. (1990) Superinduciton of
orni t hine decarboxyl ase by actinomycin D is due to stinulation of
ODC nRNA translation. FEBS Lett. 268: 161-164.

Weiner, K X B. and Dias, J.A. (1992). Devel opnental regul ation of
ornithine decarboxylase ((DCO in rat testis: conparison of
changes in ODC activity with changes in ODC nRNA |evels during
testicular maturation. Biol. Reprod. 46: 617-622

VWite, M W, Kameji, T., Pegg, a. E and Morris, D. R (1987).



91
I ncreased efficiency of translation for ornihine decarboxyl ase
MRNA in mitogen-activated |ynphocytes. Eur. J. Biochem 170:
87-92

Wng, L-Y.C and Rillema, J.A. (1983). Prostaglandin stinulation
of ornithine decarboxylase in mammary gland explants from
m d- pregnant m ce. Prostaglandins 25: 321-333.

Wng, L-Y.C. (1990). Differential effects of sex steroids on
uterine and renal ODC activity in ovariectomized rats. Life
Sci ences 47: 1261-1267

Yamamoto, D. , Hiramatsu, Y., Eguchi, K and Kudo, T. (1993).
Effects of epidermal growh factor on ornithine decarboxylase
activity and DNA synthesis in rats during the perinatal period.
Biol. Neonate 63: 303-309.

Younglai, E. U, CGodeau, F., Mester, J. and Baulieu, E E (1980).
Increased ornithine decarboxylase activity during mitotic
maturation in Xenopus |laevis oocytes. Biochem Biophys. Res.
Commun. 96: 1274-1281.

Yu-Lee, L-y. (1990). Prolactin stimulates transcription of
growt h-related genes in Nb., T 1lymphoma cells. Mol. Cell.
Endocrinol. 68: 21-28.

Zabala, M.T. and @Grcia-Ruiz, J.p. (1989). Endocrinol . 125:
2587- 2593

Zi pf, WB., Payne, A .H and Kelch, R.P. (1978). Prolactin, growh
hornone and | uteinizing hornone in the maintenance of testicular
| ut ei ni zi ng hornone receptors. Endocrinology 103: 595-600



