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ABBREVIATIONS

The following abbreviations are used in this thesis:

ACTH acet yl chol i ne

4-APP amno pyrazolo (3, 4d) thymdine
ARGG anti-rabbit gamma gl obulin

B bound

BSA bovi ne serum al bum n

bwt body wei ght

cCAMP 3',5-cyclic adenosi ne nonophosphat e
oGMP 3',5 -cyclic guanosi ne nonophosphat e
CRV counts per mnute

CRF corticotropin releasing factor

CSF cerebrospinal fluid

DNA deoxyri bonucleic acid

EB estradi ol benzoate

EDTA ethyl ene diamne tetra acetic acid
FSH follicle stimulating hornone

GABA gamma anmino butyric acid

GnRH gonadot ropi n rel easi ng hor none
h/hrs hour / hour s

HCG hunman chori oni ¢ gonadot r opi n

5-HT 1- 5- hydr oxyt r ypt ophan

123 123 odi ne

ip i ntraperitoneal

iu international units



|V
vt
LH
LHRH
MBH
mCi
ME
MIF
min
aMPT
MH
NIAMDD

NIH
ng
NRS
NT
NTLI

PBS
pmoles
PMSG
POA
POPOP

FtIA

I nt ravenous

intraventricul ar

| ut ei ni si ng hor none

| ut ei ni sing hornone rel easi ng hor none
nmedi al basal hypot hal anus

mllicurie

nmedi an em nence

mel anocyte release inhibitory factor
m nut es

a-methyl-p-tyrosine

mel anocyte stinmulating hornone

National Institute of Arthritis,
Met abol i sm and D gestive D seases.

National Institute of Health
nanogr ans

normal rabbit serum

neur ot ensi n

neurotensin |ike immunoreactivity
ovari ect om zed

phosphosal i ne buffer

pi conol es

pregnant mnare serum gonadotropi n
preoptic area

(1, 4- bi s[ 2- (4- et hyl - D- phenyl oxazol yl
benzene) |

2, 5- di phenyl oxazol e

r adi oi nmunoassay
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sec
SEM
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CHAPTER |

GENERAL | NTRCDUCTI ON AND REM EW CF LI TERATURE

The peptides constitute the newest class of
nol ecul es considered to play key roles as hornones,
transmtters or nodulators in the central and peri pheral
nervous systens. GCertain neurons in the CM5, for
| nst ance neurosecretory neurons, synthesize and rel ease
smal |l proteins (peptides) which act on peripheral target
organs such as the anterior pituitary. During the past
two decades there has been a renmarkabl e progress in our
understandi ng the processes of chemcal signalling wthin
the mammalian CNS. Ten years ago sone eight or nine
nmonoam ne and amno acid neurotransmtters were known but
to these nmust now be added thirty or nore snall peptides
each wth a potential chemcal nessenger function. Typi-
cally each nessenger is discovered first as a factor,
a substance of unknown chemcal conposition, that has a
physi ol ogi cal effect such as dilation of arteries or
contraction of nuscle. ften it energes that the factor
Is made up of amno acids. Then it energes that the
factor is active in the brain. Thus the factor is desig-
nated as a neuropeptide. This thesis focuses on two of

t hese neuropepti des: Substance P (SP) and Neurotensin (NT).



The discovery of secretin (3ayliss and Starling,
1902) brought to physiology and nedicine the idea of
bl ood borne 'chemcal nessengers' (hornones) and ended
the 19th century notion domnated by Pavlov that the
systemis solely under nervous control. Bayliss and
Starling conceived the endocrine systemas a conpl ex of
chem cal nessengers which coordinate the functions of
different tissues of the body. Starling observed that
these hornones, as he naned them have to be carried from
the organ where they are produced to the organ which they
affect by nmeans of the blood streamand the continually
recurring physiological needs of the organi smnust deter-
mne their repeated production and circul ation through
the body. Since then the field of endocrinol ogy has

cone a long way.

It is not surprising that the two systens that
coordinate and integrate the operation of the other systens
of the body are related since their functions are rel ated.
(& the established endocrine organs the nost inportant is
the pituitary at the base of the brain connected to the
hypot hal anus by a stalk. e of the first denonstrations
of the brain for normal endocrine function was that of
Aschner who detected in 1912 that dogs w th hypot hal amc
| esi ons devel oped atrophy of the genitalia. In 1920,

Canmus and Roussy discovered that |esions of the hypothal anus



were associated with diabetes insipidus. Subsequently
changes in the estrous cycle follow ng transection of

t he hypophyseal stalk were denonstrated (R chter, 1933).
Gafe and Gunthal (1929) reported that hypothal amc

| esions altered netabolic rates and Cahane and Cahane
(1936) observed that destruction of the nmedial basal
hypot hal am ¢ structures altered the histology of the

t hyroi d.

The denonstration that nerve fibres secrete
chem cal agents was a maj or advance in neurophysi ol ogy.
The hypothesis that autonomc nerve fiores secrete
chemcal agents that act as synaptic transmtters was
originally advanced by El liott (1905), D xon (J907),
Loewi (1921) and others but it was primarily the Scharrers
(1919) who pioneered the concept that nerves can liberate
hornmones into the bl ood. Speidal (1919) noticed that
giant neurons in the posterior spinal cord of elasnobranchs
had nor phol ogi cal features in common with glandul ar cells
and suggested that neurons mght secrete hornonal products.
Scharrer (1923) confirmed this suggestion by discovering
simlar neurosecretory cells initially in the hypothal am
of fish, and later in other vertebrates. The above
observations spurred Scharrer and Scharrer (1954) and
Bar gmann (1954, 1968) to postul ate that certai n hornones

of the pituitary are of hypothalamc origin and propose



the concept of neurosecretion i.e., the ability of sone
hypot hal am ¢ neurons to secrete peptides related to the
posterior pituitary. This was proved true when oxytocin
and vasopressin were purified and characterized by

du Vigneaud et al (1953a, b).

Al though there is no direct connection between
the hypothal anus and the anterior pituitary the tw are
| inked. Harris (1955) provided the necessary anatom cal
evidence for the |linkage of the hypothal anus to the pitui-
tary and postul ated the chemotransmtter hypothesis: the
hypot hal am ¢ portion of the brain produced and rel eased
hornmones into the portal vessels enanating in the ME and
coursing down the pituitary stalk to the pituitary gland.
These uni que vessels had earlier been discovered by Popa
and Fielding (1930). However, they had concl uded t hat
the flowwas fromthe pituitary to the brain. That the
bl ood fl ows downwards frombrain to pituitary was first
denonstrated by Houssay et al (1935) in anphibians.
Wslocki and King (1936) showed that the blood in these
vessel s flowed from the hypothal anus towards the anterior
pituitary in the rat. QGeen and Harris (1949) confirned
this later. These facts pronpted the suggestion,
apparently first nmade by Hnsey (1937) and | ater el abo-
rated by Geen and Harris (1949), that hunoral agents

secreted into the hypophyseal portal veins mght control



Thyrotropi n Rel easing Hornone (TRH): Shi busawa et al
(1956) and Schreiber et a (1961) proved the existence

of a factor that stimulated the rel ease of thyrotropin.
This factor TRH has been sequenced as pyro-gl utanyl -

hi stidyl-prolineamde (Burgus et al, 1969; Boler et al,
1969). It was capable of stinulating Prl rel ease al so
(Vale et al. 1973) and was the first hypot hal am c hor none

to be synthesi zed.

Lut ei ni zi ng Hornone Rel easi ng Hornmone (LHRH): MCann

et al (1960) showed that rat hypothal amc extract had
LHrel easing activity. Luteinising hornone rel easing

hor none has been isolated from porcine (Baba et a., 1971)
and ovi ne hypot halamc fragnents (Amoss et al,1971) and
its structural elucidation and synthesis was perforned.
It was found to be a decapeptide and is capabl e of induc-
ing the rel ease of both LH and FSH. Luteini si ng hornone
rel easing hornone release in turn is nodified by a host
of factors which include the nonoam nes of the hypot ha-

| am c neurons, particularly dopam ne, norepi nephrine and
epi nephri ne (Schnei der and McCann, 1970; Vijayan and
McCann, 1978a, b; Negro-Vilar et al, 1979). Qher sub-
stances which regul ate LHRH and gonadotropin rel ease

I ncl ude prostagl andins and GABA (Qeda et al, 1977, 1980;
Vi jayan and McCann, 1978c).



G owh Hornone Release Inhibiting Factor (SR F, Sonato-

statin): GHrelease-inhibitory hornone has been obtai ned

in pure form (Brazeau & g ., 1973; Ling et al, 1973;

Burgus ,& al. 1973) and has been shown to inhibit the

rel ease of GH and under certain circunstances thyrotropin
and Prl

fromcells of the anterior pituitary (Vale gb al,
1974) .

Prolactin Releasing Factor (PRF): PRF activity was

apparent in the hypothalam of nmammals and birds (Bowers

et al, 1971, Schally e al, 1973) part of which was

attributed to TRH itself which itself has Prl releasing

activity under certain conditions (Vale ¢ d , 1977).

Its chemstry is unel uci dat ed.

Prolactin Release Inhibiting Factor (PIF): The presence

of PIF activity was denonstrated several years ago in

hypot hal am ¢ extracts (Bowers et, al” 1971, Schally et all,
1973). Its nature is still dubi ous.

G her factors |like MoHrel easing factor and MSH

release inhibiting factor (MF) have al so been denonstrated

inthe brain (Schally et al, 1973; Vale et al, 1977).

In addition, by the application of radioi mmuno-

assay (R A and i munocyt ochem cal nethods, evidence has



accrued for the presence of a host of snmall peptides in
hypot hal am ¢ neurons. These peptides act as chem cal
neurotransmtters or other forns of chemcal nessengers
but as yet there is only a fragnented understandi ng of
their functional inportance. ten they are found in
parts of brain which have nothing to do with the realm

I n which the substance acts at the periphery of the body.
They i ncl ude Substance P (Chang and Leenan, 1970),
Neurotensin (Carranway and Leeman, 1975a), Gastrin

(Vander Haggen et al, 1975), Angiotensin I (Changaris

et al. 1976), Angiotensin Il (Mlean, 1975; Spinedi and
Negro-Vilar, 1983) (hol ecystokinin (Dockray, 1976),
Vasoactive intestinal peptide (Said and Rosenberg, 1976),
Secretin (Mutt et al, 1979), Bonbesin (Dockray et al,
1979), Argininevasotocin (Mlcu et al. 1963), Endorphins
and Enkephalins (Ncoll et al, 1977). Besides there is
al so evidence for the presence of pituitary hornones
such as MsH, GH ACTH and Prl in the ONS (For reviews,
see Bl oom1981; |versen, 1983; McCann, 1983).

Table 1 gives a conprehensive list of neuro-

pepti des .



TABLE 1. NEUROPEPTIDES

Pituitary peptides Opioid peptides
corticotropin (ACTH) dynorphin
growth hormone (GH) B-endorphin
lipotropin [Met]enkephalin
a-melanocyte stimulating [Leu]l enkephalin
hormone (a-MSH) kyotorphin
oxytocin
vasopressin
Circulating hormones Hypothalamic releasing hormones
angiotensin luteinizing hormone releasing
hormone (LHRH)
calcitonin somatostatin (SRIF)
glucagon thyrotropin releasing
insulin hormone (TRH)

Corticotropin releasing
hormone (CRH)

Growth hormone releasing
hormone (GRH)

Gut hormones Miscellaneous peptides

avian pancreatic polypeptide bombesin

cholecystokinin (CCK) bradykinin
gastrin carnosine
motilin neuropeptide Y
pancreatic polypeptide (PP) proctolin
secretin

substance P

neurotensin

vasoactive intestinal
polypeptide (VIP)

These 34 peptides have been described in neurons and
nerve terminals within mammalian CNS other than those related to
endocrine or neuroendocrine function (From Iversen, 1984),



SUBSTANCE P (SP)

Substance P is perhaps the nost thoroughly
studied to date of all the nonopi oid neuropeptides.
Several reviews (Ncoll et al, 1980; Pernow, 1983;
Skrabanek and Powel |, 1983) have appeared on its isol a-
tion, characterization and biological role. Substance P
was first discovered by von Eul er and Gaddum (1931) in
extracts of brain and intestine but was not purified to
honogenity until 1970 (Chang and Leenman, 1970). The
I sol ation of SP was acconplished subsequent to the
di scovery of a sialogogic peptide in hypothal amc extracts
(Leenan and Hammerschlag, 1967) which was shortly charac-
terized as SP. The nane substance P (for preparation)
had been used in the laboratory of origin to designate
the active agent in a particular preparation of tissue
extracts. This nondescript termentered the literature
In 1934 and has persisted (Gddum and Schild, 1934). The
amno acid sequence of SP was established in 1971 by Chang
and Leeman as:

HN- Ar g- Pr o- Lys- Pro- 3@ n- d n- Phe- Phe- @ y- Leu- Met - NH,.

It was prepared by Tregear et al, in 1971 permtting the
devel opnent of precise nmethods of bi ochem cal, histo-
chem cal , physi ol ogi cal and pharanacol ogi cal studies of

the pepti de.
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D stribution of Substance P

1, Central Nervous System Subst ance P can be
extracted fromthe brain of all vertebrate species from
fish to mammal s including nan (Pernow, 1953; von Eul er

and Gstlund 1956; Laszlo, 1963). Substance P is present
In numerous intrinsic neuronal pathways within the CNS.
More than thirty different groups of SP containing
neurons have been described in rat brain (Ljungdahl ejt al.
1978a, b). A particularly promnent projection originates
fromSP cells in the anterior striatumwhose fibres
descend to give rise to a dense termnal innervation of
the substantia nigra. Several other SP containing neural
pat hways exist with particularly high densities of term-
nals in the hypothal anus and nedi al anygdal a. Cerebral
cortex and cerebellum contain very snmall anounts.
Substance P is also present in amacrine cells of the

vertebrate retina (Stell ,& d _, 1980).

2. Peri pheral Nervous System | mmunocyt ochem stry
and R A have confirned that SP is present in high con-
centration in certain prinmary sensory neurons and neurons
intrinsic to the gastrointestinal tract (Jessell, 1982,
Gsuka .¢ "1, 1982). Nunerous SP containing cell bodies
are also present in spinal ganglia at all levels (Htkfelt
et al. 1975a, b) as well as in the jugular ganglia (Htkfelt
et al, 1977, Katz and Karten, 1980).
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Wthin the gastrointestinal (gi) tract immuno-
hi st ochem cal studies have reveal ed the presence of SP
in a scattered system of endothelial cells in the mucosa
lining of the snall and large intestine and al so within
intrinsic neurons of the enteric nervous system (Pearse
and Pol ak, 1975; Schultzberg et al, 1980; Costa e, al,
1982).

3. G rcul ati on: In sone ani mals such as the

guinea pig SP containing sensory fibres are found practi-
cally in every vascular bed. SP |ike inmmunoreactive
nerve networks are present in the adventitia and at the
border between the adventitia and bl ood vessels in the
skin (Hokfelt et al, 1975b), dental pulp, gi tract
(Schul t zberg et al, 1980) and in the brain (Furness

et al, 1982). Hgh density of SP are found in the aorta

and vena cava close to the heart (Furness et al. 1982).

4, QOrgans and Tissues: Substance P fibres are
present in nost peripheral tissues. Hunman skin (Dal sgaard
et al, 1983), hind paw of cat (Hokfelt et al, 1975b;
Quello et al, 1977) contain SP i mmunoreactive fibres.
Substance P positive fibres are also seen in the connec-
tive tissue of the tongue under the epithelium parti-
cularly in the taste buds (Lundberg et alt 1979; N shinoto
et al, 1982). Substance P has al so been partially
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characterized fromthe rat pituitary gland (De Palatis

et al, 1984).

Recent research has detected SP i mmunoreactive
nerves in the nale and fenale genitalia and reproductive
organs of several mammalian species. SP like immuno-
reactivity was particularly concentrated in the glans
penis and cervix. Mre SP-imunoreactive nerve fibres
were found in the fenale gentalia than in the male. In
the genital organs these nerves innervate the cervix,
vagina, uterus and the fallopian tube of all the species

studied and the ovary of the cat (Qu et al, 1983).

Bi ol ogi cal Actions of Substance P

Central Effects

1. Neurochem cal Effects: A nunber of observations
i ndicate a functional interaction between SP and cl assi -
cal transmtters. Thus injection of SP into the rat
cerebral ventricle stinulates the synthesis of dopam ne,
noradrenaline and 5-HT in various parts of the brain
(Magnusson et. al, 1976). Substance P increases dopam ne
nmet abolites and 3H dopam ne rel ease fromthe ipsilateral
striatum after infusion into the substantia nigra

(Cherany et al, 1978). SP also excites cells in the
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noradrenergi c | ocus cerul eus when applied |ocally
(Davies and Dray, 1976; Quyenet and Aghaj ani an, 1979).
These findings suggest that a possible function of SP

Is to control cerebral adrenergic systens.

2. Behavi oural Effects: Intracerebroventricul ar
injectionsof SP in rabbits and cats elicited various
neurotropi c effects such as inhibition of spontaneity,
licking and stupor and a long lasting stimulation of
respiration (von Euler and Pernow, 1956). Behavi oural
studi es have shown that mcroinfusions of SP in the region
of the dopam nergic neurons in the ventral segnentum of
rat brain elicit an anphetam ne-Ilike behavioural response
whi ch appears to be due to activation of forebrain dopa-
m ne pat hways (Stinus et al, 1978; Iversen et al, 1979;
Kelley et al, 1979).

3. Antinociceptionj Cells which respond nost
vigorously to painful stinmuli are also the ones which
respond particularly sensitively to applied SP (Henry,
1982; Hall and Stewart 1983; Matsunura et al, 1985). From
such findings the hypothesis has arisen that SP nay be

associ ated with sensory fibres that carry pain infornation.

4. Rel ease of Anterior Pituitary Hornones: Substance P is
involved in the control of hornone secretion fromthe

anterior pituitary. It stinulates the release of growth
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hor none when given both intraventricularly (M jayan and
McCann, 1980) and intravenously (Rvier et al, 1977) but
has no effect on (H release frompituitary gland cells

i ncubated in vitro (Rvier et al, 1977). Intraventricular
SP stinmulated the release of Prl and LH (M jayan and
McCann, 1979a).

Peri pheral Effects

1. Ef fects on Vascul ature: Substance P is one of
the nost potent hypotensive agents known. It produces
hypot ensi on due to peripheral vasodilation. This hypo-
tensive effect of SP is not blocked by atropine, anti-
hi stam ne or ganglionic blocking agents (Pernow 1953;

Lof strom et al, 1965).

2. Effect on Gastrointestinal tract: Substance P

was found to effectively stimulate snooth nuscle in all
parts of the gi tract. The spasnogenic effect of SP was
not bl ocked by atropi ne (Pernow, 1953) antihistamnes
(Douglas et al, 1982) or 5-HI antagonists (Fuxe et al,
1979) which suggests that SP acts directly on snooth

muscl es. Substance P also stinulates contraction of snooth
nmuscles in the isolated uterus, ureter and urinary bl adder

of mammal s, birds and anphi bia (von Eul er, and Pernow, 1956).
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3. Secretory Activity: Systemc admnistration of
SP in doses higher than 0.5 pnol/kg in the rat starts a
secretory response wthin a fewmnutes. The effect iIs
dose dependent and a fifty fold increase in salivary
flow occurs (Liang and Cascieri, 1979). The salivary
action appears to be a direct action of SP on the gl ands
since it is not blocked by atropine, propranolol or

phenoxybenzam ne (Leenman and Hammrerschl ag, 1967).

| nfusion of SP increases pancreatic juice secretion
by 160%in the dog (Thulin and Holm 1977). Substance P
al so affects the endocrine pancreatic secretion. In vitro
(Effendic et al, 1977) and in vivo (Brown and Val e, 1976;

Lundqui st et al, 1978) studies have shown that SP inhibits
the release of insulin induced by glucose and arginine,

as well as the basal plasnma insulin.

4. Hypochol esterolemc Effect: Intravenous pul se
i njection of SP reduces circulating chol esterol concentra-
tions and al so antagoni zes the hyperchol esterolemc action

I nduced by NT (Raju and Vijayan, 1981).

Met abol i sm of SP: Substance P is synthesized initially
as part of a larger polypeptide precursor fromwhich the

peptide is derived by proteolytic cleavage (Harrmar et al,

1981). Several organs have a high capacity to inactivate SP.
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Ki dney honogenates seemto be the nost effective, followed
by spleen, liver and intestine (Boer and Lenbeck, 1956,
Ward and Johnson, 1978). It is rapidly inactivated in the
brain, blood and other tissue by proteol ytic enzynes
particularly the so called SP-degradi ng enzyne (Lee et al,

1981) .

NEUROTENSI N

In the course of purifying SP from bovi ne hypo-
thalamc extract, Leenman and her colleagues detected a
second bioactive principle that eluted before SP activity
on ion-exchange chromatography. This fraction produced
vasodi | ati on, hypotension and increased vascul ar perneabi -
lity but unlike SP did not produce salivation. It was
named 'neurotensin' because of its localization in neura
ti ssue and hypotensive properties. It was isolated and
sequenced by Carraway and Leenan (1975a) as:

pd u- Leu- Tyr-d u- Asn-Lys-Pro- Arg- Arg-Pro-Tyr-11 e- Leu.

DI STR BUTI ON GF NEUROTENS | N

1. Central Nervous System Using R A and i mmunocyt o-
chem cal techniques high density of NI containing cell
bodi es and nerve fibres are found in the hypot hal anus

wth [esser anmounts present in the linbic system and brain
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stemnuclei (Uhl et al, 1977; Roberts et al, 1982).
Neurotensin like inmunoreactivity (NTLI) has al so been
detected in amacrine cells of the retina and in the

anterior pituitary (Bredna et, al, 1981).

2. Peripheral Nervous System In the spinal cord NT

Is distributed in a characteristic pattern (G bson et al.
1981). Both nerve termnals and fibres are found al nost
exclusively in the upper |amnae of the dorsal horn.

| munor eactive NT fibres are present in two distinct bands
(Pol ak and Bl oom 1982).

Mbst of the body's NT occurs in the gi tract.
Neurotensin |ike inmunoreactivity has been detected in
the gi tract of various aninal species, ranging from
deuterostom an invertebrates to manmal s (Hel nst aedter
et al,. 1977, Polak et al, 1977). Enteric nerve fibres
containing NTLI are found in the circular and |ongitudina
muscul ature of the stomach, caecumand in the nyenteric
pl exuses of the oesophagus, stomach and duodenum
(

et; al, 1980). The major portion of gut NT
however, occurs in endocrine cells of the gi nucosa
(Hel net aedter et al, 1977).
3. G rcul ation: In the plasma too, NI can be detected

at levels conparable to other hornones. Mst of this NT
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represents authentic peptide although other unde fined
subst ances possessi ng carboxyl termnal honol ogies wth

NT are also present (Carraway et al, 1980).

Bi ol ogi cal Actions of NI

Central Effects

1. Hypotherma: Centrally admnistered NT produces a
dose dependent fall in the body tenperature in rodents.
This hypothermc effect of NI can be elicited by nanonol ar
concentrations of NI and appears to be nediated at sites
wthin the ONS as it does not occur after peripheral

admnistration of the peptide (Dorsa et al, 1979).

2. Antinociception: Neurotensin in various brain areas
Is thought to be involved in pain perception. Neurotensin
decreases reactivity to painful stimuli when admnistered

centrally (AQineschmdt and MQuffin, 1977).

3. Neurochemcal Effects: Many of the centrally nediated
effects of NI may be a consequence of its interaction
with other brain neurotransmtter systens. Neurotensin
has several pharnacol ogical properties in comon

with a class of dopam ne antagoni sts, the neurol eptics

(Neneroff et al, 1982). Mcroiontophoric application
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of NI decreases the activity of dopam ne sensitive
neurons (MCarthy et al, 1979). Besides dopam ne,
noradrenal i ne and acetyl choline systens also respond to
NT admnistration. Neurotensin enhances both the
spont aneous and potassium stinul ated rel ease of noradre-

nal i ne fromhypothalamc slices (Ckuna and Gsum, 1982).

4. Hornone Release: Centrally admnistered NI has been
shown to alter the rel ease of hornones fromthe hypo-
thalamus and pituitary gland. Neurotensin, injected

into the third ventricle reduced basal and cold stinu-
lated Prl and also LH rel ease (Maeda and Frohman, 1978;
Vi jayan and McCann, 1979). Peripheral injection of NI on the
et her hand I ncreased both LH and Prl (VMijayan and
McCann, 1979a). Neurotensin increases sonmatostatin while
decreasing the levels of growh hornone (Meda and
Frohman, 1978; Abe et al, 1981). In contrast peri pheral

I njection of NT increases plasnma GH concentrations

(Rvier et al, 1977).

Peri pheral Effects

1. Snmooth Miscl e: Neurotensin is a potent vasodil ator
and hypotensive agent. It dilates both cutaneous and
I ntestinal blood vessels (Carrawav and Leenman, 1973;

Rosel | et al, 1976). Peripheral admnistration of NI
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reduces blood pressure in rats and rabbits (Carraway and
Leeman, 1973). Pretreatnent of aninmals w th conpound

48/ 80 which depletes nmast cells of their amne content
abol i shes the hypotensive action of NI (Qiirion et al,
1980). Thus NT nay reduce blood pressure because of its
ability to release histamne and other vasoactive substances

frommast cells (Chahl and \Wal ker, 1981).

Neurotensin exerts potent effects on snooth nuscles
of the gi tract. The peptide appears to have a biphasic
rol e having conponents of both relaxation and contraction
(Kitabgi and Freychet, 1978). A predomnant effect of
NT in the gi tract is the inhibition of peristaltic acti-
vity. For exanple, the peptide inhibits notor activity

in the stomach, duodenumand colon (Thor et al, 1980).

2. Gastric and Pancreatic Secretion: Neurotensin

inhibits the secretion of gastric acid upon peri pheral
adm ni stration. Intravenous infusions of neurotensin
reduce gastric acid secretion elicited by pentagastrin

(Andersson et al, 1980).

3. Hyperchol esterolema: Neurotensin raises circulating
chol esterol level of the rat in a dose dependent fashion

(Peric Golia et al, 1979; Raju, 1980; Raju and Vijayan,



21

1981). This hyperchol esterolemc effect of NI is not
altered by prior adrenal ectony or hypophysectony (Peric
Golia et al, 1979) but is dimnished by 4-APP or SP
(Raju, 1980).

4. Hyperglycema: Another potent effect of NT is its
ability to elevate blood gl ucose concentrations (Brown
and Val e, 1976; Carraway et al, 1976; Nagai and Frohman

1976). It also raises glucagon |levels in the bl ood
(Nagai and Frohman, 1976).

Q her peripheral effects of NI include transport

of ions across the intestine (Mtchenere et al, 1981}

Kachur et al, 1982) and interactions with nast cells to

rel ease histamne (Kurose and Saeki, 1981; Rossie and
MIller, 1982).

Met abol i smof NT: Neurotensin is hydrol yzed by enzynes

present in brain and pituitary fractions including synapto-

sones to give snaller fragnents (MDernott et al, 1982;
Checler et al, 1983). The (9-13) fragnment is rapidly
hydrol yzed and it has been shown that the Gtermnal
region of the peptide is essential for NI binding to
central receptors (Qirion, 1983). The najor route of

degradati on appears to be due to cleavage of the Arg-Arg

bond (MDernott et al, 1983a). Plasma NI is very conpl ex
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bei ng conposed of NI' as well as nmultiple variants and
breakdown products (Carraway, 1982). Atleast 2 forns

of NI occur in the blood, one of which is the Ntermnal
octapeptide (Aronin et al, 1982). Neurotensin can be
biotransformed to 2 active N-termnal sequences by a
specific trypsin like enzyne and the proline endopepti dase,
respectively (MDernott et al, 1982, 1983a, b; Qiffiths
and McDernott 1984).

NEURCPEPTI DES AS NEUROTRANSM TTERS ANDY R MODULATCRS

Al the neuropeptides occur in particularly high
concentrations in the termnals of the neurons which

contain them |In vitro experinents have shown that these

peptides can be released fromnerve termnals in responses
to depolarizing stimuli by a cal ci um dependent nechani sm
This strongly suggests that the neuropeptides are nornally
secreted fromneurons and that they act as transmtters

or as sone other formof chemcal nessengers within the CNS.

However, the utilization of a peptide by a nerve
cell differs fundanmentally fromthe utilization of an
amno acid or a nonoamne in the way the nerve cell
synt hesi zes the substance and conserves it. A neuro-

transmtter such as GABA, serotonin or dopamne is nade
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In a short series of steps froman amno acid in the

diet by the action of enzynmes. The need for the synthesis
of the transmtter is sonmewhat reduced since the trans-
mtter can be rel eased and reabsorbed by the synaptic
vesicles as and when the need arises. n the other hand,
the peptide can be synthesized only by ribosones. Al

the peptide neurotransmtters examned so far are synthe-
sized first as a larger peptide. The active formof the
nol ecul e is produced through progressive cl eavage by

enzyres.

The rel ease of a peptide neurotransmtter from
an axon termnal is renote fromthe place where the peptide
is made. The active formof the peptide which is stored
in synaptic vesicles has to be transported to the site of
release. Thus a cell releasing a peptide is unable to
act on another cell repeatedly in a short span of tine.
In contrast, axon termnals of a nonoam ne or am noacid
releasing transmtter are capable of manufacturing their
own transmtter. Therefore these termnals are |esser
in their need for replenished supplies of fresh neuro-

transmtter fromnonent to nonent.

Another way in which a peptide nessenger differs
froma nonoam ne neurotransmtter lies in the nol ecul ar

details of how the peptide influences its target cells.
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d assical neurotransmtters are excitatory or inhibitory.
The neurotransmtter alters the perneability of the
target cell nenbrane to ions of potassium sodi umor

cal cium Consequently, the concentration of these ions
Inside and outside the target cell is different which
gives rise to a voltage gradi ent across the nenbrane.
The action of an excitatory neurotransmtter tends to

di mnish the voltage gradient i.e., it depolarizes the
menbrane. An inhibitory transmtter, on the other hand,
i ncreases the voltage gradient i.e., it 'hyperpolarizes'
the nenbrane. A peptide, however, sonetinmes tends to
nmake the target cell less likely to respond to other
signals. This cannot be considered as inhibition. 1In
sone cases, the peptide keeps an excitatory transmtter
fromdepol ari zing the nenbrane and in other cases it
prevents hyperpol arization by an inhibitory transmtter.
The peptide itself produces no visible change in the

vol tage gradi ent across the nenbrane but it Mdul ates’

the activity of the target cell.

EVI DENCE FCR SUBSTANCE P AND NEUROTENSI N AS A
NEUROTRANSM TTER/ NEURCMCDULATCOR

Substance P. Lenbeck in 1953 first suggested that SP
mght act as a sensory neurotransmtter. Qsuka et al
(1982) established this fact when they denonstrated a
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hi gh concentration of SP in dorsal roots and showed its

rel ease fromspinal cord preparations in vitro on

el ectrical stimulation of dorsal roots (Qsuka and Koni shi,
1975). Substance P thus fulfils the criteria expected of

a sensory transmtter: it is released from spinal cord

in a cal ciumdependent manner in response to stimulation

of dorsal roots and it excites firing in spinal cord
neurons when applied to them (Jessell, 1982; Qsuka et al,
1982) .

The ability of SP to cause transient changes in
pain sensitivity when admnistered intrathecally (Jessell,
1982) suggests that SP nay be 'the pain transmtter'.

However this hypothesis remains to be fully established.

A neuronodul ator role for SP was al so established
by Gsuka et al (1982) who studied the effect of SP on
synpathetic ganglion cells in the inferior nesenteric
ganglion. They found that the excitatory effects of SP
are very slowin onset and prolonged in duration and by
t hensel ves cannot cause depol arization to excite the
cells. The effect however, is to render ganglionic
neurons nore readily excited by other excitatory afferent

inputs - a clear case of 'neuronodul ation'e

Subst ance P provi des anot her exanple of nodul ation

in its action on nicotinic nechanisns (Ryall,1982). In
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Renshaw cells and adrenal chronaffin cells SP has little
effect when applied alone but it is able to inhibit selec-

tively normal responses to stinmulation of nicotinic sites.

Neur ot ensi n: Recent evidence indicate that NI subserves

a neurotransmtter role in the CNS. Firstly, NI is pre-
domnantly | ocalized to synaptosones free of brain hono-
genates (Uhl and Snyder, 1977). Secondly, NI is rel eased
from the hypothalamc fragments after depolarizing by
potassium this rel ease being cal ci um dependent (Iversen

et al, 1978, Maeda and Frohman, 1981). Thirdly, NI appears
to interact with specific binding sites on neural ele-
ments. These high affinity binding sites exhibit a pattern
of distribution in the brain and spinal cord simlar to
that of NI (Uhl and Snyder, 1977; Young and Kuhar, 1981).
Fourthly, the application of nanonolar quantities of NI

to single neurons of the cerebral cortex, bed nucl eus of
the stria termnals and spinal cord produces a depol ari -

zation (Phillis and Kirkpatrick, 1980; Suzue et a., 1981).

Neurotensin nay al so subserve a neurotransmtter
role in the gi tract as it does in the CNS. However, because
of the apparent paucity of NI' containing neurons in the
peri phery the peptide nmay nore likely function as a

paracrine nediator of local cell activity or as. a hornone.
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SOCPE GF THE PRESENT | NVESTI GATI ON

Neur opepti des perform several different functions
apart fromthe one for which they were originally dis-
covered. A peptide nay be used as a endocrine hornone, a
paracrine factor, a neuroendocrine releasing factor, a
neuronodul ator or a neurotransmtter in different parts of
the body or in different species (lversen, 1983). 1In spite
of consi derabl e anount of data on the distribution and
actions of SP and NI our know edge of the functions of SP
and NT in various organs renain inconplete. The multipli-
city and overlap of different systens containing NI, SP
and other peptides have nmade it difficult to elucidate
the functional role of these peptides. They coexist with
classical neurotransmtters and their integration wth
cholinergic and other putative neurotransmtters is still
not clear. The functional relationshi ps between the action
of these two peptides that nay operate in as yet undiscl osed

activities remain to be ascertai ned.

The ubi quitous but selective distribution of SP
and NT in the brain reveals that they possibly participate
I n several neuroendocrine functions one of them being
regul ation of hornones fromthe anterior pituitary (Meda
and Frohman 1978; Vijayan and McCann, 1979a). Since there

Is some disagreenent between different reports docunented
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on the role of these two peptides on hornone rel ease from
the anterior pituitary, it was sought in the first instance

to nonitor in vivo changes in gonadotropin |levels after

i ntravenous and intraventricular injections of SP and NT

in O/ rats. In vitro studies were also perforned by

I ncubating hempituitaries with varying doses of the pep-
tide to determne specificity of the peptide action on

hor none r el ease.

The nechanismof action of SP and NT in the brain
I's obscure. Several peptide hornones elicit their bio-
| ogi cal actions by activation of the adenylate cycl ase
conpl ex which results in increased endogenous cAWP produc-
tion. Since cyclic nucleotides have been nediators for
the action of several hornones it was considered wort h-
while to study the alterations in cAW and cGW in the
brain after intraventricular and intravenous admnistration

of these peptides in O/X and OVX estradiol-prined rats.

The physi ol ogi cal consequences of anterior pituitary
hormone rel ease by these peptides on the reproductive
system are unknown and by and |large renain specul ati ve.
Studies also reveal that a given peptide may be present
in multiple sites including the reproductive tract (Kriegar
and Martin, 1981). Several peptides such as sonatostatin
(Lundberg et al, 1980), LHRH (Hsueh and Jones, 1981), ACTH
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(Tsong et al, 1982), VMIP (Godnough et al, 1979; A met al,
1980; Qte sen et al, 1982), p-endorphins (Tsong & al,
1982; Quigley et al, 1980) are present in the reproductive
tract where their presence has proved a physiological role.
Recent i mmunohi stochem cal investigations have indicated
the presence of SP (Amet al, 1978; Lundberg et al, 1980;
Bucsics et al, 1983; Qi et al, 1983) in the reproductive
organs of several species. Mre SP was present in the
femal e reproductive tract than that in the male. In addi-
tion, age and sex related changes in anterior pituitary

SP (De Palatis et al, 1982) have been reported. The SP
content of the anterior pituitary was altered wth changes
in the estrous cycle (Antonow cz et al. 1982; Cosl ovsky

et al, 1984). Binding sites of SPto the anterior pituitary
varied during the estrous cycle (Kerdel hue et al, 1985).
Substance P has al so been shown to inhibit ovul ati on when
infused into the cerebral ventricle (Nazienblo et al,
1983). Since NI and SP are closely related peptides it
was contenplated that both these peptides nay have a
potential role in reproductive function. The effect of
these peptides on sone paraneters of growth such as DNA
RNA and protein content and 3I—I-thynidine | ncor por ation
into DNA was studied in immature rat uterus. Experinents
were also perfornmed to determ ne whet her PMSG i nduced
growth of immature rat uterus and ovaries is influenced

by these pepti des.
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There have been sone studies in recent tines on the
extra pituitary and extra hypothalamc action of a host of
peptides, particularly GRH (Hsueh and Erickson, 1979a, b;
Sharpe, 1980; Lee and Brownstein 1981). It was therefore
of interest to test if these peptides had any direct effect
on the uterus after intrauterine admnistration. Studies
were perforned to test the potential effects of these

peptides during pre and post inplantation period.

Anot her fascinating feature, is the role these
peptides play in regulating serumcholesterol, which is
an obligate precursor for steroid hornone synthesis.
Previous studies in our |aboratory have shown that intra-
venour SP causes hypochol esterol em a while NI causes
hyper chol esterolema (Raju and Vijayan, 1981). It has
been suggested that NT plays a role in |lipid honeostasis.
It was therefore interesting to probe into this aspect
further by studying the lipid profile in plasna and |iver
after intravenous and intraventricular injections of SP
and NT in O/X-steroid prined rats. The entire lipid
content, free and osterified cholesterol, triglycerides
and fatty acids were evaluated. 4-APP a drug that sel ec-
tively inhibits hepatic |ipoprotein secretion of cholesterol
(Shiff, 1977) was used to determne the specificity and
possible site of action of these peptides in nodifying

circulating chol esterol |evels.
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CHAPTER I

EXPERIMENTAL PROCEDURES, MATERIALS AND METHODS

ANIMALS

Al the experinents were perforned in colony
bred rats, derived fromWstar strain, raised in our
animal facility. Immature and adult fenale, ovariectom zed
(OVX), OvX-estrogen prined and pregnant rats were used.
The rats were given water and standard rat pellet (Pragati
Ani mal Feeds, Hyderabad) a libitum They were housed in
an air conditioned room (25+2°C) and a reginen of 14 hrs

light and 10 hrs dark cycle was nai ntai ned.

SURG CAL PROCEDURES

a. Ovariectony: Adult fenmale rats wei ghing 180-200 ¢
were bilaterally ovariectomzed under I|ight ether
anaesthesia using sem-sterile conditions and used 2-3

weeks after ovariectony.

b. | npl antation of third ventricular (ivt) cannula:
Cannul ae were prepared from 23 gauge stainl ess steel
tubing (Svall Parts Inc. Mam, Florida, USA). Each

cannula was 17 mmin length and had a flat tip with a
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bevel ed edge and was provided wth a nandril to prevent
its obstruction. Cannulation was perforned as descri bed
by Antunes-Rodrigues and MCann (1970). The aninmals were
anaest hetized with nenbutal (Abbot Labs, USA 40 ng/kg ip)
and the rat's head was fixed on a David-Kopf rat stereo-
taxic instrument. The follow ng coordi nates were used

for the third ventricle: anterior-posterior = 1.3 mm

behind bregnma, lateral = just on the mdline (above the
superior longitudinal sinus) and vertical = 0.3 nm above
the base of the skull. The cannula was nounted in the

Stereotaxic instrument with the aid of a stainless stee
wire fitting exactly its inside dianeter which served as

the cannula guide. Two snall holes were drilled in the

adj acent parietal and frontal bones. Brass m croscrews
were screwed firmy into these holes to serve as an anchor
for the dental cenent. The cannula was introduced through
a hole over the superior longitudinal sinus after the sinus
was pulled gently to the left side with a hypodermc needl e.
This procedure prevented rupture of the sinus and consequent
henorrhage. The cannula was |owered to the skull base and
then raised 0.3 mm Its location in the 3rd ventricle was
confirmed when cerebrospinal fluid (CSF) flowed conti -
nuously fromthe cannula. A snall amount of dental cenent
was placed around the cannula and screws. Finally, after
renoving the guider nounted in the stereotaxic instrunent

an addi tional amount of cenment was added around the cannul a

to cover the screws conpletely. A snmall anount of neosporin
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ointnent was mxed along wth the dental cenent to

prevent bacterial infection. The cannula was now firmy
fixed into position. The skin was left unsutured and the
aninmals were returned to their own indivual cages until
the day of the experinent. The nmandril was renoved every
day rinsed in isotonic saline and returned to its origi nal
position so as to maintain the cannula clean and to get
the aninmal acquainted with the experinental procedure to

be followed (VMijayan and McCann, 1978a; 1979a, b).

c. Inplantation of intravenous (iv) cannula: Indwelling
silastic catheters were introduced into the external

jugul ar vein using the technique of Harns and g eda (1974)
as described by Vijayan and MCann (1979a,b). Cannula nade
of silastic sheets and tubing (Dow Corning, USA) was placed
in the superior vena cava, adjacent to the heart, via the
external jugular vein after the aninmal was anaesthetized
with ether. The external end of the cannula was gui ded

under the skin to energe at the back of the head, and was

then sutured in place.

d. Intraventricular Injection. S x to seven days after
the cannulation, third ventricular injection of the peptide
and/ or control mediumwas perforned according to the
following procedure. The nmandril was renoved and the

inner cannula of the sane length was introduced. The
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cannul a was connected by a pol yethylene plastic tube to a
10 Il Hamlton mcrosyringe filled with test naterial,
freshly dissolved in saline, to be injected. After 60 sec
wth the inner cannula in its position in the aninmal's
brain, the test solution was injected slowy in a vol une
of 2.5 pl while the animal was freely noving around. The
I nner cannul a was renoved approximately 60 sees l|later so

that the entire test substance reached the third ventricle.

e. | ntravenous i njections: | ntravenous injections were
made twentyfour hours after inplantation of the silastic
catheter. n the day of the experinent an extension of

pol yet hyl ene tubing (PE 50, 12" in length), filled with
heparin in 0.9% Nad, was attached to the distal end of

the jugular cannula and the aninmals were |eft undisturbed
for 30-60 mn. During this tinme a preinjection blood sanple
(0.5-0.7 mM) was withdrawn over a period of 60 sec. Test
subst ances dissolved in 0.9% saline were adm ni stered by

v pulse injection in a volunme of 0.1 m usinga 1 nm
syringe. Heparinized blood sanples (0.5-0.7 m) were
collected fromthe external jugular vein cannula at varying
intervals while the animal was freely noving in the cage.
The volune of all sanples was replaced imrediately after
each bleeding by an equal volune of saline. P asna was

separated by centrifugation at 4°C and stored frozen until

the day of assay.
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I n sone experinents, where sequential sanpling of
bl ood was not necessary, intravenous injection of test
substances was performed directly into the external jugular
vei n whi ch was exposed after the animal was lightly

anaesthetized with ether.

f. Intrauterine injection: Rats were anaestheti zed
with ether, an incision was nmade in the peritoneum and
uterine horns were exposed. Intralumnal injections of
test substance and/or control nediumwere nade near the
utero-tubal junction in either horn using a Uninatrix syringe
in a volune of 10 |. The incision was sutured and the

skin closed by wound cli ps.

CHEM CALS

Kits for RA of LH FSH and Prl were obtained
fromthe National Pituitary Agency, National Institute of
Arthritis, Metabolismand D gestive D seases (N AVDD),

Bet hesda, USA. Kits for the assay of cAW and cQW were
pur chased from Radi ochem cal Centre, Amrersham Engl and,
Neur ot ensi n, Sephadex G 75, sodium azide, chloramne-T,
heparin, bovine serumal bumn, calf thynus deoxyri bonucleic
acid (DNA), yeast ribonucleic acid (RNA), rabbit Iiver

gl ycogen, 2,5-di phenyl oxazole (PPO, |-4-bis[2-(4-nethyl-
5- phenyl oxazol yl )] benzene (POPCOP), hyam ne hydr oxi de,
triolein, conpound 48/ 80, am no-pyrazolo (3,4d) thymdine
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(4- APP), estradiol benzoate, pregnant nare serum gonodo-
tropin (PMBG, prolactin (Prl), luteinising hornmone (LH)
and follicle stimulating hornone (FSH were purchased
fromS gma Chemcal Co., St. Louis, USA Substance P was
procured fromS gna Chemcal Conpany, St. Louis, USA and
from Peni nsul a Laboratories, Belnont, USA. Anti Rabbit-
Gama -dobulin (ARG and Luteini sing hornone-rel easi ng-
hor nrone were purchased from Cal bi ochem Labor atories, USA
Medi um 199 was obtained from D fco Laboratories, USA
Pi nozi de was procured from Jenssen Pharnmaceuticals, Bel gium
[H-thymdine (sp. activity 22, 600 nG/mmol) was bought
fromBhabha Atomc Research Centre, Tronbay, India. Al

other chemcals were of analytical grade and were purchased

| ocal | y.

ASSAY CF HORMONES

Plasma levels of LH FSH and Prl were neasured by
radi oi nmunoassay (R A) using a double antibody procedure
as standardised in our |aboratory (Babu, 1982). Radi o-
| nmunoassay kits for rat LH FSH and Prl were obtained
fromthe NAMDD-NH pituitary hornone distribution programe.
Radi oi mmunoassay was perforned according to the qguidelines

provided with the kit for each hornone.
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RA G- LH The LH kit consisted of

1. Rat |uteinising hormone antigen, highly purified for

| odi nati on Nl AMDD-r LH 15.

2. Rat | uteinising hornone antiserum (rabbit) N AVDD
anti-r-LH S 6.

3. Rat | uteinising hornone reference preparation (N AVDD
r-LHRP-1).
Preparation of the Gel: Five grans of sephadex G 75, was

added to 100 m of phosphosaline buffer (PBS) (0.01 M POy,
0.05 MNad, 0.1% sodiumazide, pH 7.6) and stirred for
30 mnutes using a magnetic stirrer. It was(a) kept in
a boiling water bath for 5 hours (b) allowed to stand 72 h
at roomtenperature (c) stored in a refrigerator upto 4

nonths (d) placed at roomtenperature for 24 h before use.

Preparation of the Col um:

| * Ten m glass pipettes were used. The nout hpi ece was

cut off.

2. Tubes were scrupul ously cleaned with chromc acid, hot

water, tap water and double distilled water and dri ed.
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3. A three way stopcock (Pharnaseal, Puerto Rico, USA)
was attached to the tube by a 4 cmlong |atex tubing.

d ass wool was placed in the tip of the tube.

4. The tube was washed tw ce w th phosphosaline buffer

and filled upto the 7 m nark.

5. The gel was continuously stirred using a nagnetic

stirrer to keep the suspension honbgeneous.

6. The gel was pipetted fromthe bottomof the flask as
a well mxed slurry. Wen settling was under way, the
outl et was opened and allowed to run freely. The
slurry was continuously added as needed. The top was
never allowed to settle before adding nore slurry.
The colum was filled to a height of 15-20 cm  About
2 m of buffer (PBS) was left at the top of the col um.
(Ch the day of iodination (maximnum4 h before use)
the colum was equilibrated with 1 m of 2yi bovine
serum al bumn (BSA) in PBS and then washed with PBS.

After a single use the colum was di scarded.
| odi nation of Rat LH:

Reagent s:
i

| . 1chmﬂne, carrier free, as sodiumiodide with specific

activity of 400 nG/m suitable for iodination of

prot ei n.
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2. 0.5 M sodi um phosphate buffer, pH 7.6.
3. Chloramne-T(5 ng/10 mM of 0.05 MPO4, pH 7.6 buffer)

4. Sodiumnetabisulfite (Na$,05) 25 ng/10 M of 0.05 M
PO4, pH 7.6 buffer).

Chl oramne-T and sodi um netabisulfite were prepared

freshly just prior to use.

1 nCG 125I was added to a small disposable glass vial used
as the reaction vessel. 25 ul of 0.5 MPO, buffer pH 7.6
was added. 2 ug of NAMDD Rat LH -5 in 20 pl of POy,

buf fer was added next. 10 pl of chloramne T was then
added. The vial was then agitated for 50 seconds after
which 25 pyl of sodiumnetabisulfite was added. The entire
reaction mxture was applied to the sephadex G 75 col um.
The colum was then el uted w th phosphosaline (0.01 POy,
0.15 MNad buffer, pH7.6). Fractions of 0.5 m were
collected in test tubes containing 50 mcroliters of 2%
BSA in PBS buffer. These fractions were counted in a
Packard autogamma scintillation spectroneter. Two peaks
of radioactivity were detected. The first peak began at
tubes 3-4 and trailed off by tube 6. A second peak con-
taining free 125\ began at about tube 7. The i odinated
rat LH was contained in the first peak (tubes 4-5). The

fraction high on the trailing shoulder of this peak (tubes
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4 and 5) contained the nost imunoreactive and | east
damaged rat LH. This fraction was added to buffer in
order to give 10,000 cpm per 100 pl, and stored at -20°C,

until use.

Doubl e anti body R A procedure: The follow ng steps were

performed in sequence for the assay of plasna LH,
1) 10 x 75 mmdi sposabl e test tubes were used.

2) Buffer (1%BSAin 0.01 MPO,, 0.15 MNad, 0.1% sodi um
azide, pH 7.6) was added to each tube in sufficient

quantity to produce a final volunme of 0.7 m .

3) a. 25 pl plasma to be assayed was added or
b. The reference preparation (N AMD -Rat-LH RP-1)
was dissolved in 1% BSA in phosphosaline and added
in doses ranging from1000 ng to 1 ng per tube, in
sufficient detail (1000, 500, 250, 100, 50, 25, 10,
5 2.5 and 1 ng) so that the entire curve can be

constructed graphically.

4) lodinated rat LH was added such that approxinately
10, 000 cpmwere contained in 100 pl of 0.1% BSA-

phosphosal i ne buffer.

5) 200 pl of the antiserum (NNAMDD-Rat-LH S-6) in a final
dilution of 1:40,000 in 3% normal rabbit serum
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(NRS)-0.05 MEDTA-PBS was added (at these dil utions,
the anti serumwas observed to bind 2b/. of the | abell ed

rat LH (B = 2/10x 100, see bel ow),

I n sone tubes 200 pl buffer and 200 pl 3% NRS- EDTA-
PBS and 100 pl | abel were added to serve as background.

In a few tubes 200 pl buffer and 100 pl | abel and 200 pl

anti serumwere added to serve as zero (100% binding = Z).

In 2 or 3 tubes 100 pl | abel was taken to get the total
counts (TC).

Tubes were agitated on vortex m xer.
Tubes were incubated for 24 hrs at roomtenperature.

At the end of this period, 200 pl of goat anti rabbit
gamma gl obulin (ARGS was added to precipitate nmaxi-
mal ly the anti body bound |abelled rat LH.

Tubes were agitated on a vortex m xer.
Tubes were again incubated for 24 hrs at roomtenperature.

At the end of this incubation period all tubes were
centrifuged at 1000 g for 30 mn in a refrigerated
centrifuge. The supernatant was discarded and the

precipitate was counted in a gama spectroneter.

The unknown sanpl es were conpared to the percentage
of counts precipitated with the rat LH reference

preparation, NAMDD rat LH RP-1. A curve was constructed
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on semlogarithmc paper, and the unknown read directly
fromthe curve obtained with LHRP-1. Results are

expressed as nanograns (ng) of rat LH-4-1 per m of plas

RRA G FSH The following were provided with the FSH kit

1. Rat FSH antigen NNAMDD-r-FSH-1-5, highly purified for
I odi nati on.

2. Rat FSH antiserum (Rabbit) N AMDD Anti-r-FSH S 11.

3. Rat FSH reference preparation NNAMDD-r-FSH RP-1
(Biological potency = 150 x NNH FSH S1) (HOG augnent a-

tion assay).

| odination of rat FSH |odination was perforned as for

LH except that 10 ng/m of chloramne T was used.

Doubl e anti body R A procedures; Procedure was sane as LH
reference preparation (FSH RP-1) was dissolved in

except
BSA phosphosaline in doses ranging from2000ng to 10 ng

(2000, 1000, 500, 250, 100, 50, 25, 10 ng). FSH antiserum

was used at a dilution of 1:2500.

RAGCG Prl: The RA kit for Prl consisted of

1. Rat pfolactin antigen NNAMDD-r-Prl-1-5, highly purified
for iodination.

2. Rat prolactin antiserum (rabbit) N AVMDD-anti-r-Prl-S 8.

3. Rat Prl reference preparation N AMDD-r-Prl-RP-2.

[ (Biological potency = 30 iu/ng (pigeon |ocal crop
ay of Nicoll)].
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| odination: as for LH.

Doubl e anti body procedure; As per LH and FSH except the

reference preparation was diluted in PBS in a range of
0.25, 0.5, 1, 2.5, 5, 10, 25, 50, 100 and 200 ng and
anti serumwas diluted so as to get a final dilution of

1: 12, 500.

As far as possible sanples froma particul ar
experiment were run in one assay, each in duplicate, to
avoid interassy variation. In our |aboratory the sensiti-
vities of the assay were 5 ng LH, 10 ng FSH and 0.25 ng
Pri. The inter and intrassay co-efficients of variation

were 10 and 6/. for LH, 9 and 5%. for FSH and 10.4 and 5.5%

for Prl respectively.

In vitro Hornone Assay: Various doses of neuropeptide

were incubated with hempituitaries in vitro. After

decapitation anterior pituitaries were renoved quickly,

bi sected longitudinally and kept in incubation flasks
containing 2 m of tissue culture nmedium199, pH 7. 4.

Each flask contained two hempituitaries. After a 30 mn
prei ncubation in a Dubnoff netabolic shaker at 37°Cin an
at nosphere of 5% Q2 and 95% the nediumwas repl aced
wth 2 m of fresh nedium containing the test substances

and the incubation was continued for 3 hours. At the end
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of the incubation period nmedia were renoved and stored
frozen for later radi oi munoassay of gonadotropin and Pr
as descri bed above. Values are expressed as ng hornone

rel eased per m of nedi um

ASSAY CF CYCLI C AW AND CYCLI C Gw

Preparation of tissue extract: The rats were killed by
decapi tation. Brains were renoved quickly and frozen in
liquid nitrogen. Hypothal am were dissected out according
to the procedure of dow nski and |Iversen (1966) as a single
bl ock which included the pre-optic area and was limted

| aterally by the hypothalamc fissures and posteriorly by
the mam |l ary bodi es. The upper section of the bl ock was
cut 3-4 mnmfromthe basal surface of the hypothal anus which
i ncl uded nedi al basal hypot hal anus (MBH), pre-optic area

(PQA) and nedi an em nence (M) (M jayan, 1974).

The frozen hypot hal am were wei ghed and transferred
to a precool ed gl ass honogeni zer with a teflon pestle
(Potter-H vehjemtype). Two volunes of ice cold 10%
trichloroacetic acid were added and the m xture was
I mredi at el y honogeni zed. After it had stood for 15 mn
at 0 it was centrifuged for 30 mnutes at 10,000 RPM at
-4°C.  The supernatant solution was transferred to a gl ass

centrifuge tube and extracted 4 tinmes with 3 vol unes of
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water saturated diethyl ether and twice with 3 vol unes of
Tris-HA (pH 7.5) saturated diethyl ether. Follow ng the
| ast ether extraction the solution was heated in a water
bath at 100 Ctill the odour of ether disappeared. The
volune of all the extracts was nade up to 2 m wth Tris-
EDTA buffer and the pH adjusted to 7.5. Cyclic AMP and
cGW in the neutralized extracts are stable indefinitely

at -20°C.

Cyclic AMP Assay Procedure: The Radi ochemcal Centre,

Aner sham cAMP assay kit conbines the high specificity and
affinity for cAMP of a highly purified and stabilized

bi nding protein with an inproved charcoal separation step
at 0 C The assay was perforned in small tubes suitable
for centrifugation. Al assay tubes were kept at 0°C in
an ice bath. To the assay tubes containing the standard

or the unknown, 50 p of l|abelled [H-cAW (0.25 pC ) and
100 pl of the binding protein were added. Known anount of
CAMP (1 pnol -16 pnol) and aliquots of unknown sanpl es
were added to the assay tubes. Typically, a volunme of 50 pl
was reserved for these conponents. To determne bl ank
counts 150 pl of 0.05 M Tris-EDTA buffer pH 7.5, containing
4nM EDTA was taken in duplicate tubes containing |abelled
CAMP. Al the tubes were vortex mxed for about 5 seconds
and then the ice bath containing the tubes was left in a

cold roomat 2-4°C for 2 hours. A the end of this period
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100 pl of charcoal suspension was added, mxed briefly and
the tubes were replaced in ice bath. The tubes were centri -
fuged for about 5 mnutes in a refrigerated centrifuge to
sedi nent the charcoal. The tubes were centrifuged not

|l ess than one mnute nor nore than six mnutes after
addition of charcoal. Wthout disturbing the sedinent a
200 pl sanple was renoved and placed in scintillation vials
containing Bray's mxture (4 g PPQ 0.2 g POPCP, 60 g
napt hal ene, 20 m ethylene glycol, 100 m of nethanol nade
up to 1 litre with dioxane). The vials were counted in a
Beckman liquid scintillation spectroneter. The ratio of
cpm bound in the absence of unlabelled cAW (C ) to the
cpm bound in the presence of standard or unknown unl abel | ed
cyclic AW (C ) was calculated. Fromthe C4 C value for
an unknown sanple, the nunber of pnoles of cAW were

cal cul ated using the standard curve. The cAW activity

Is expressed as pnoles/ng of tissue.

Assay of Cyclic GW. The Radi ochemcal Centre, Anrersham
cGW’ R A kit conbines the use of a specific antibody wth
tritiated cGW at high specific activity and provides a
sinple, sensitive and specific assay for cGWw. The assay
I's based on the conpetition between unl abelled cGW and

a fixed quantity of the tritiumlabelled conpound for
binding to an anti serumwhich has a high specificity and

affinity for cGwWw. The anmount of |abelled cGwW bound to
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the antiserumis inversely related to the anount of cQGw
present in the assay sanple. Masurenents of the anti body
bound radi oactivity enables to determne the anount of

unl abel l ed od&XIP in the unknown sanple. Separation of the
anti body bound cGW from the unbound nucl eotide is achieved
by ammoni um sul phate precipitation, followed by centrifu-
gation. The precipitate is dissolved in water and its

activity determned by liquid scintillation counting.

The assay was perforned in snall tubes which were
suitable for centrifugation. The tubes were kept in an
ice bath. 50 pl of tritiated cGW were added to each tube.
To two tubes 100 pl of Tris-EDTA buffer was added to
determ ne zero-dose binding. To two other tubes 100 |il
of blank reagent provided with the kit were added to
determ ne assay blank. To the rest of the tubes 100 pl
of standard (0.5 pnol to 8.0 pnol) or unknowns were added.
To each tube 50 pl of antiserumwas added. The tubes were
vortexed for a few seconds and the ice bath containing the
tubes was placed in a cold roomat 2-4°C for one and a
half hours. At the end of this period, one m of ice-cold
(NH4) , SO0, (60% saturated solution with water) was added
to each of the tubes. The tubes were vortexed agai n and
returned to the ice bath. Five mnutes after the addition
of (NH;) S04 the tubes were centrifuged at 0°C. The super-
natant liquid was decanted and the tubes were |eft upside

down on a tissue to drain.



48

Excess liquid renmaining on the walls of the tube
was wiped with tissue and dissolved in 1.0 m of distilled
water and 100 pl of hyam ne hydroxide. The tubes were
capped and vortexed until all the precipitate was dissol ved.
The sanple was then transferred to scintillation vials
containing Bray's fluid and counted in a liquid scintilla-
tion spectroneter. Blank counts per mnute were determned
by averaging the CPMfor the blank tubes. Co (CPM bound
in the absence of unlabelled cGW) was determned by averag-
ing the CPM in the 'Zero-dose' tubes and subtracting the
blank CPM & (CPMbound in the presence of standard or
unknown cyclic GW) was determ ned by averagi ng the CPM
for the remaining pairs of tubes and subtracting the bl ank
CPM  Co/&xwas cal culated for each |evel of standard
cyclic GW and for the unknown. A graph was plotted for
Q0/ Cx agai nst pnol of standard cGwW on |inear graph paper.

From the Co/Cx value for the unknown sanples, the nunber

of pnol of inactive cyclic QW from the standard curve was

read. Results are expressed as pnol of cGwW/ ng tissue.

EXTRACTI ON AND ESTI MATI ON CF NJUCLElI C Ad DS

The nucleic acids (RNA and DNA) were extracted
according to the procedure of Schm dt and Thannhauser (1945)
as per the nodifications of Munro (1966). Two m of 10%
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honogenate (wWv) of the tissue was mxed with 2.5 m of

ice cold 10% TCA and centrifuged to renove acid sol uble
conmpounds. The sedi nent was washed once with 2.5 m of

ice cold 10% TCA. The final sedinent renmaining after
renmoval of the acid soluble conponents was extracted tw ce
wth 5 mM of 95%ethanol and the extract was renoved by
centrifugation. An alcohol ether (3:1) wash was given to
the sedinment to renove any traces of lipids. The lipid
free tissue was suspended in 2 m of IN KCH and i ncubated
for 2 hrs at 37°C. DNA and protein were then precipitated
by the addition of 0.4 m of 6 NHCL and 2.6 m of 5% TCA
and allowed to stand in ice for 10 mnutes and centrifuged.
The supernatant fraction was collected separately to
estimate RNA content. The sedinent was suspended in 2.5 ni
of 5% TCA and boiled at 90°C for 15 mnutes w th occasi onal
shaking. The mxture was centrifuged and the supernat ant
was collected in a test tube. The sedi nent was washed
wth 1.5 mM of 5% TCA and the conbi ned supernatants were

taken for the estimation of DNA

Estimation of DNA and RNA' DNA was estimated by the

di phenyl am ne col our reaction and RNA by the orcinol reac-
tion (Burton, 1956; Schneider 1957). For estinmation of
DNA one m of the DNA extract was mxed with 2 m of

di phenyl am ne reagent (di phenyl am ne reagent was prepared

by dissolving one gramof purified di phenylamne in 100 ni
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of glacial acetic acid and 2.75 m of concentrated H,S0,)
and heated for 10 mnutes in boiling water. The intensity
of blue colour was read at 600 nmin a EAL spectrophot o-
meter. The anmount of DNA present in a sanple was deter-
mned froma standard curve using calf thynus DNA as the
standard. For the estinmation of RNA one m of RNA

extract was diluted to 1.5 mM wth 5%TCA and heated for

30 mnutes after adding 1.5 m of orcinol reagent (e
gram of purified orcinol was dissolved inmmediately before
use in 100 m of concentrated HO containing 0.5 g of Fed j3)
in a boiling water bath. The intensity of the green col our
was then read at 700 nm A standard curve was prepared

using purified yeast RNA as the standard.

Estimation of Protein;, Protein content was estinated by

the nethod of Lowy et al (1951) using crystalline bovine

serum al bumn as standard.

| ncorporation of [H] - Thymdine into uterine DNA

For incorporation of [Me- H thymdine into
uterine DNA, 1 pG of [Me- H thymdine per uterine horn
was injected intralumnally into the uterus. The rats
were autopsied at varying tine intervals for tine course

: 3 . . :
experinment and 1 hrs after Hthymdine admnistration

in all other experinents. Weri were dissected out,
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wei ghed on a torsion bal ance and honogenized in 2.0 mt of
distilled water. The DNA fraction was separated as
descri bed above. An aliquot of the DNA supernatant was
used for counting with Bray's scintillation fluid in a
Beckman liquid scintillation counter. DNA was estinated

as descri bed above.

Determ nati on of dycogen;, {dycogen was determned by the

phenol - H,SO4 acid technique of Lo et al (1970), The tissue
was dissected out, excised of fat weighed and transferred
to the bottom of a capped test tube kept in ice. ne-half
m of 30% KCH saturated with Na,S0, was added to the sanpl es
and the tubes were placed on a.poiling water bath for 20-30
mn till a honogeneous solution was obtained. The tubes
were then cooled in ice and 9%5%. ethanol (1.1-1.2 vol unes)
was added to precipitate the glycogen fromthe al kaline

di gestate. The sanples were placed in ice for 30 mn and
were then centrifuged at 340 xg for 20-30 mn. The super-
natants were carefully aspirated. The glycogen precipitates
were dissolved in 3 m of distilled water. An appropriate
aliquot of the above glycogen solution was pipetted into
anot her t est tbcand br ought t oa sam e vol une

1 m by addition of distilled water. One m of 5% phenol
was added to the above followed by five m of 96-98% H2S0,.
The HoSO was added rapidly to ensure good m Xxing.
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The tubes were allowed to stand in ice for 10 mn.

after which they were shaken and placed for 10-20 mn

in a water bath at 25-30°C before readi ngs were taken.

Bl anks were prepared by Wing 1.0 m distilled water

I nstead of glycogen solution. Sanples of standard gl ycogen
(fromrabbit nuscle) containing 5 to 100 pg gl ycogen were
al so subjected to simlar phenol-HS0, treatnent. The
absor bance was read on an EC L spectrophotoneter at 490 mu.
The tissue content of glycogen was cal cul ated and expressed

as ng of glycogen/100 g wet wt tissue.

EXTRACTI ON G TOTAL LIPID

1) FromPlasnma: Total lipids were extracted from the

pl asma by Fol ch washing (Folch, 1957). Two m of plasna
was taken in a 50 m volunetric flask containing 32
chloroform methanol (1:1). The mxture was brought
monentarily to boil by placing the flask for 1 mn in

a water bath. The flask was allowed to cool and nore
chloroformwas added to the mark. The mxture was filtered
into a 50 m neasuring cylinder through a chloroform

et hanol washed filter paper (Watnman no. 41). The washi ngs
were collected to nake the volume 25 m. Ten nm of saline
(0.85% was added, mxed well and the cylinder was stoppered
and left overnight at 4°C to allow the layers to separate.

The upper aqueous nethanol |ayer was renoved by suction.
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The lower chloroformlayer was washed 3 to 4 tinmes with
pure sol vent upper phase (chloroform nethanol: water,
3:48:47 with 0.29% NaCl ). Rnsings were collected in pre-
wei ghed wei ghing bottles. The washed extracts were
evaporated to dryness and dried in a vacuum dessi cat or
over anhydrous cal cium chloride and the weight of lipid
was recorded. The lipid extract was dissolved in 5 m of

chlorof orm nethanol (2:1).

2) FromlLiver: 1 gmof liver tissue was honogeni zed in

20 M of chloroform nethanol (2:1) in a Potter-HE vehjem
type honogeni zer. The honogenate was filtered through a
fat free filter paper into a glass stoppered vessel. The
crude extract was mxed to 0.2 its volune of an 0.85%
Nad solution. The mxture was allowed to separate into
2 phases by standing and further extracted as descri bed
above. The final lipid extract was dissolved in 5 m of
chloroform nethanol and used for the estimation of total

and free cholesterol, triglycerides and free fatty aci ds.

Estimation of Triglycerides: Triglycerides were estinated
according to the spectrophotonetric nethod of Van Handel
and Zilversmt (1957) as nodified by Foster and Dunn (1973)

using triolein as a standard.
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Determnation of free fatty Acids: Free fatty acids were
determned by a colorinctric ultranicronethod of Novac

(1965) using palmtic acid as standard.

ESTI MATI ON CF CHOLESTERCL

Serum chol esterol was estinmated by the Zak
nethod as nodified by Martinek (1965). The follow ng

reagents were prepared.

Ferric chloride reagent for standardization: In a 100 m
volunetric flask, 150 ng of powdered Fed 3 6H2O was di ssol ved

and diluted to the mark in glacial acetic acid.

St ock standard chol esterol : In a 100 M volunetric flask
100 ng of chol esterol was dissolved in 100 m of glacial

acetic acid.

Wrking standard cholesterol: In a 100 m volunetric
flask, 150 ng of powdered Fed 3. 6H20 was dissol ved in about
50 m of glacial acetic acid. 10 m of stock standard

chol esterol was added and nmade up to the mark with gl acia

acetic acid. This was freshly prepared.

Precipitating and colour reagent: |In a 1 1 volunetric

flask, 1.8 g of powdered Fed 3.6H20 and 100 rrg of Gttir



95

acid nonohydrate was dissolved in glacial acetic acid.
Two m of concentrated HClL was added and it was dil uted

to the mark with glacial acetic acid.

Acet one Methanol M xture: 50 nl of acetone was mxed wth

50 m of absolute nethyl alcohol.

Digitonin: 1 gmof digitonin was dissolved in 50% (v/v)
ethyl al cohol by heating to 60°G It was allowed to cool
to roomtenperature, made up to 100 mMl wth ethyl alcohol
(50% and filtered through Whatman no. 42 filter paper.

Acetic acid 10% (v/v): 5 m of glacial acetic acid was
diluted to 50 M with distilled water.

Acetic acid 95. (v/v): 50 mM of distilled water was

diluted to 1 litre with glacial acetic acid.

Total cholesterol assay: 6.0 nl of precipitating and col our

reagent was pipetted into conical centrifuge tubes. 0.1 m
of plasma was added into each tube and vortexed. The tubes
were allowed to stand for 2-3 mnutes and centrifuged wth
stoppers inserted for 5 mnutes. 3 nm of the supernatant
flurd fromthe centrifuge tubes were pipetted into Erlenmeyer

flasks. 3.0 ml of precipitating and col our reagent were
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pipetted into another flask which served as blank. To
each flask 2.0 m of concentrated H,S0, was added down the
sides of the flask. The solution was mxed well and
allowed to stand for 5 mnutes after which it was m xed
again a second tine. The flasks were left to cool at room
tenperature for at least 10 mnutes before readi ngs were
taken in a spectrophotoneter at 560 nm agai nst the bl ank.
A calibration curve was constructed by using different
concentrations of working standard chol esterol instead of
serum and processed as above. The concentration of plasnma

cholesterol was read fromthe calibration curve.

Free-chol esterol Assay: To 1.9 mt of acetone-nethanol

mxture in a conical centrifuge tube, 0.1 m plasna was
added dropwi se with constant shaking to obtain a finely

di spersed precipitate. The tubes were stoppered and sub-
jected to vigorous shaking. They were allowed to stand

2-3 mnutes and centrifuged for 5 mnutes. 1.0 m of the

cl ear supernatant was pipetted into another set of centri-
fuge tubes. 1 m of clear lyi (Wv) digitonin and 1 drop

of 10% (v/v) acetic acid was added. The tubes were vortexed
well and allowed to stand at room tenperature for 10 m nutes
after which they were centrifuged for 10 mnutes. The
supernatant was discarded and the precipitate was washed
twice wwth 4 m of acetone. The tubes were dried. To the

dried digitonide in the centrifuge tube 2.0 m of precipitating
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and col our reagent was added and 1.0 m of 95% (v/v) acetic
acid. After mxing well 2.0 m of concentrated H,S0, was

added. Further procedure is as for total cholesterol.

Chol esterol Esters; Chol esterol esters are cal cul ated as

the difference between the total and free chol esterol assays.

Estinmation of total Cholesterol in liver: Total Iipids

were dissolved in 5 m of chloroform nethanol. 0.1 ni
aliquot was taken for the estinmation of total cholesterol

according to the nethod Zak et al (1954).

Estinmation of Free Cholesterol in liver: Free chol esterol

in liver was estinated by the nethod of Sperry and Wb (1950).

STATI STI CAL  EVALUATI ON

Significance of differences in sequential changes
in the same group and between control and experinental

groups were determned by Student's 't' test.



CHAPTER Il

EFFECT OF SUBSTANCE P AND NEUROTENSIN ON GONADOTROPIN

AND PROLACTIN RELEASE
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CHAPTER | ||

EFFECT GF SUBSTANCE P AND NEUROTENSI N ON GONADOTRCPI N
AND PRCLACTI N RELEASE

A variety of neurotransmtters have been shown
to influence the release of hornones fromthe anterior
pituitary. Several reviews have appeared on this subject
(Vale et al, 1977; Winer and Ganong, 1978; MCann, 1980,
1982; Negro-Vilar et al, 1980; Meites and Sontag, 1981,
Vi jayan, 1985a). Dopam ne, norepi nephrine and serotonin,
each of which is highly concentrated in the hypothal anus
have been extensively studied for their roles in controlling
anterior pituitary function (MCann et al, 1977, 1981;
Vi jayan and McCann, 1978a,b; Negro-Vilar et al, 1979: (eda
et al, 1982). Evidence also accrued indicating the involve-
ment of a nunber of putative neurotransmtters and/or neuro-
pepti des notably vasoactive-intestinal peptide (Vijayan
et al, 1979b), gastrin (Mjayan et .a, 1978), chol ecystokinin
(Mjayan at al, 1979a), bonbesin (Wl sh et al, 1979,
Babu and Vijayan 1983a), secretin (Babu and Vijayan,
1983a) angiotensin (Steele et al, 1981, 1982), neurotensin
and substance P (Maeda and Frohman, 1978; Vijayan and
McCann, 1979a, 1980) in nodulating anterior pituitary
hornone rel ease. These neurotransmtters are believed

to act on the receptors of neurons carrying the hypothal amc
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peptidergic hornmones to stinmulate or inhibit their rel ease
into the portal vessels through which they reach the
anterior pituitary. They can also be released directly

into the portal vessels and act on the pituitary.

Subst ance P (O Connor, 1982) and neurotensin (Unl
and Snyder, 1976) are present in high concentrations in the
hypot hal anus and hence it is very likely that they parti -
ci pate in neuroendocrine events. Leeman's group (Makino
et al. 1973) denonstrated an increase in the secretion of
LH and FSH following the intravenous adm nistration of NIT.
Rvier et a (1977) and Maeda and Frohman (1978) also re-
ported an increase in LH secretion following the intra-
venous injection of NT. However, using O/ rats Vijayan
and MCann (1979a) could elicit no change in plasma LH
| evel s following the intravenous admnistrati on of NT.

In contrast, intraventricular injections of NT significantly

| onered plasnma LH I evels (Maeda and Frohman, 1978; Yijayan and

McCann, 1979a; Tache et al, 1979).

In view of the discordant effects of SP and NI on
gonadotropin and prolactin release reported by different
e authors it was of interest to re-evaluate the effect of
SP and NT on hormone release in O/X conscious rats. Addi-

tional in vitro experiments were performed by incubation



60

of hempituitaries with the peptide in order to |ocalize

the effects of the peptide.

EXPERI MENTAL PROCEDURE

| npl antation of stainless steel cannula into the
third ventricle and introduction of silastic jugular vein
cannula in O/X rats were carried out as described in
Chapter Il). On the day of the experinent, an extension of
pol yet hyl ene tubing (PE 50, 12" in length) filled with
0. 9% heparin-saline was attached to the distal end of the
jugular cannula and animals were |eft undisturbed for
30-60 mnutes. During this period a preinjection bl ood
sanple (0.6-0.8 mM ) was w thdrawn over a period of

60 seconds.

Substance P and NT were freshly prepared in 0.9%
saline. Systemc admnistration by iv pulse injection was
performed in a volunme of 100 pl using a tuberculin syringe
whereas third ventricular injections were nade in a vol une of
2 1l using a 10 pl Hamlton mcrosyringe as described
previously (Chapter I1). (nly one each of the effective
doses of the peptide used earlier (Mjayan and McCann,
1979a) were chosen for both ivt and iv injections. Hepari-
ni zed bl ood sanples (0.6-0.8 m ) were collected fromthe

external jugular vein at 5 15, 30 and 60 mn while the
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aninals were freely noving in the cage. The vol une of
all sanples was replaced by 0.9% saline. Pl asna was
separated by centrifugation and stored frozen until the

day of the assay.

In vitro experinents:

Ovariectomzed rats were killed by decapitation,
anterior pituitaries were quickly renoved, bisected |ongi-
tudinally and placed randonmty in incubation flasks contain-
ing 2 m of tissue culture nmedium 199 adjusted to pH 7. 4.
Each flask thus contained 2 hempituitaries. After a 30
mn preincubation in a Dubnoff netabolic shaker at 37°C in
an atnosphere of 5% CO, and 95% 0, the nedi umwas repl aced
wth 2 m of fresh nmediumcontaining different doses of
the peptide and the incubation was continued for three hrs.
Control flasks contained nmediumalone. A the end of the
I ncubation, the nedia were renoved and frozen for |ater
RI A of gonadotropins and Prl. Values were expressed as

ng hornone rel eased/ M of nedi um

Radi oi mmuno assay of LH, FSH and Prl was perforned as

detailed in Chapter |1.
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RESULTS

I n vivo Experinments: Plasma LH and FSH | evel s were

el evated in O/X aninmals when conpared to basal levels in
normal female rats. Plasma Prl levels were relatively | ow
in the O/XX rats. P asnma hornone concentrati ons were not
altered after third ventricular injections of 2ul or iv

I njections of 100 pl of 0.9/ saline. Since there were no
significant changes in the hornone values in ivt or iv
saline injected rats, both values were pooled to serve

as control and represented as nean + SEM

Effect of SP on Plasma LH Level s:

| ntravenous injection of 1 ug of SP produced a
significant decline in plasma LH levels at 15 and 30
mn (P<0.05). Third ventricular injections of 2.0 *g of
SP however, induced a significant (P<0.05) elevation in
plasma LH levels within 5 mn of injection. The val ues
remai ned significantly (P<0.001) elevated for 30 mn and

returned to preinjection level by 60 mn (Table 1) .

Ef fect of NI on plasna LH | evel s:

| ntravenous injection of 1 ug of NI had no effect

on plasma LH | evels. However, third ventricular injections
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of 2.0 pg of NT significantly (P<0.05) |owered plasma LH
levels within 5 mn of injection. The suppressive effect
of intraventricular NI' (P<0.001) persisted till 60 mn

duration of the experinments (Table 2).

Ef fect of SP on plasna Prl |evels:

| ntravenous injection of 1 ug of SP produced signi-
ficant elevations (P<0.001 at 5 and 15 mn, P<0.05 at 30 m n)
of plasma Prl. A2 pg dose of SP admnistered intraventri-
cularly also elevated plasma Prl levels significantly
(P<0.001) wthin 5 mn of injection. The rise in Prl
after iv SPwas greater than that produced by a 2 pg dose
injected into the third ventricle. Prolactin titers
remai ned elevated for 30 mn after iv or ivt injection but

declined to preinjection values by 60 mn (Table 3).

Effect of NT on Plasma Prl | evels:

Plasma Prl was significantly (P<0.001) increased
wWwthin 5 mn after iv admnistration of 1 pugof NI.
Prolactin titers remained elevated for 30 mn and returned

to preinjection levels at the end of 60 mns. In contrast,

sthirdvel
ficant decrease in plasma prolactin levels within 5 mn of
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injection (P<0.001). Prolactin levels renmained significantly

(P<0.001) low for the sixty mn duration of the experinent

Tabl e A).

Plasma FSH levels were not nodified by iv or ivt

injections of SP or NI (Results not shown).

IS vitro Studies: Incubation of SP or NI (doses ranging
from 10-1000 ng/flask) with hempituitaries had no effect
on gonadotropin release into the nedium However, both
pepti des at higher doses of 100 and 1000 ng/per flask were
able to enhance release of Prl into the nedium The |ow

dose of 10 ng had no effect (Tables 5 and 6) .
DI SCUSSI ON

| ntravenous admni stration of SP caused a decrease
in plasna LH | evels whereas intraventricular admnistration
of SP caused an increase in LH (Mjayan and McCann, 1979a).
Using an antiserumto SP, Kerdel hue et al (1978) evoked
a significant increase in plasma LH and FSH and postul at ed

an inhibitory role for f3 in gonadotropin regul ation.

Kato et al. (1976) and Rvier et al (1977) first
reported that systemc admnistration of SP and NT el evated

Prl levels and attributed the actions to an effect on the
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CNS. Maeda and Frohman (1978) and Rvier et al (1977)
did not see any effect of NI on Prl release fromdi spersed
pituitary cells in vitro. O the other hand, Vijayan and

McCann (1979a) and Enjal bert et al (1982) found a stinmula-

tion of Prl secretion fromhempitutitaries incubated wth
SP and NT. A stinmulation of Prl secretion was al so reported
following systemc admnistration of NI (M jayan and M Cann,
1979a). Intraventricular injections of SP produced an
increase in plasna Prl whereas ivt NI caused a |owering of
plasma Prl levels (Mijayan and McCann, 1979a). Bl ackburn
et al  (1980) infused NI at physiologically relevant
concentrations in human subjects and found no changes in
plasma levels of Prl, LH or G4 The present results
obtained with two mninal effective doses of SP and NT
fromearlier studies (Vijayan and McCann, 1979a) confirm
the earlier observation that these peptides can nodify LH
and Prl release in O/X rats. Substance P injected intra-
venously at 1 pg dose produced a slight decline of plasna
LH at 15 and 30 mins. In contrast to the |owering obtained
after iv injection, intraventricular SP produced a signi-
ficant elevation in plasna LH titers within 5 mn of injec-

tion. Substance P failed to alter LHrelease in vitro.

The results thus indicate a stinmulatory role for SP at the
hypot hal am c | evel. Substance P probably acts via increased
rel ease of LHRH since systemc injection of SP suppressed

rather than el evated LH
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Intraventricular as well as iv SP elevated plasma
Prli within 5 mn of injection. Plasma Prl was el evated
nore by the iv injection of 1 pug dose than by the 2 pg

I vt dose. Incubation of pituitaries in, vitrowth SP

also resulted in increased Prl secretion into the nmedi um

at the | ow dose of 100 ng/flask. The elevation in Prli

after SP seens to be due to a direct action on the | acto-
trophs since SP released Prl on incubation with hem pitui-
taries. A direct action on the lactotrophs is also
supported by the results of Kato et al (1976) who found
that plasma Prl was elevated by | arge doses of SP given

v in rats with large hypothal amc |esions which presu-
mably renoved the gland from hypot hal amc infl uences.

I ncrease of Prl with systemc admnistration of SP could be
due to stress evoked by inducing changes in blood pressure.
Stress is known to elevate prolactin (Krulich et al 1978).
Hence the increase in Prl after iv injection could either
be a stress response or nediated by direct stimulation of

| actotrophs. The elevation of Prl following ivt injection
of SP may be due to a direct stinmulation of the pituitary
after its uptake by portal vessels and delivery to the gland

since it was active in vitro.

In the case of NT, iv injection had no effect on
plasma LH | evel s whereas third ventricular injections

were effective in inducing a decrease in plasma LH | evel s.
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It is likely that the intraventricularly administered
peptide acted to suppress release of LHRH since the peptide
failed to alter LH release in vitro. FSH probably did not
decline, inspite of a lowering of LHRH since it has a

relatively longerhalf life in the incubation.

Intravenous NT elevated plasma Prl titers whereas
ivt NT reduced Prl levels. Incubation of pituitaries _in wvitro
released Prl into the medium. The likelihood of ivt NT
acting directly on the pituitary is rather remote because
if NT had a direct effect on the lactotrophs it was of a
stimulatory nature. The intraventricularly administered
NT presumably suppressed Prl release either via a stimula-
tion of Prl-inhibiting factor (PIF) or by an inhibition of
PRL-releasing factor PRF or by a combination of both actions.
NT may have exerted its actions directly on the releasing
factor producing neurons or on neurons which in turn
synapsed with these neurons. For example, it might have
stimulated the dopaminergic tuberoinfundioular neurons
which in turn could stimulate PIF release or the dopamine
released itself could act as PIF. Andrade and Aghajanian
(1981) and Haubrich et al (1982) have suggested an acti-
vation of the dopaminergic neurons by NT. Blockade of
dopamine transmission either by inhibition of synthesis
of catecholamines with o-MT or by blockade of its action
by receptor blockers, such as spiroperidol blocked the

action of NT (McCann et al, 1
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As in the case of SP, the elevation of Prl
release followng iv injection of NI could have been the
result of a non-specific stress which is known to stimulate
Prl release. Intravenous admnistration of NI could proba-

bly also activate the lactotrophs since in vitro studies

indicated a renmarkable release of Prl by |ow doses of NI.
Neurotensin thus seens to have a dual role on Prl rel ease-
an inhibitory effect at the level of the hypothal anus and
a stinmulatory effect at the level of pituitary. Dual
hornonal effects for the nodul ation of Prl secretion by
anot her putative neurotransmtter GABA have already been
docunented (Schally et al, 1977; Enjalbert et al, 1978;

Vi jayan and McCann, 1978c; Locatelli et al. 1979). Hence
opposite effects of NI admnistered either systemcally

or into the cerebral ventricle on hornone release is a

f easi bl e proposition.

Rvier et al (1977) had reported a stinmulation of Prli
follwoing systemc admnistration of SP and NI and attri -
buted it to an effect on the CNS. The present results
confirm these observations but enphasises the fact that
this response nay be due to stress or to a direct action
on the pituitary. Present results thus reconfirmthe
suggestion that SP and NI present in the hypothal anus are
capable of regulating the release of hornones fromthe

anterior pituitary.
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CHAPTER IV

EFFECT OF SUBSTANCE P AND NEUROTENSN ON HYPOTHALAMIC
cAMP AND cGMP IN OVX AND OVX EB-PRIMED RATS
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CHAPTER |V

EFFECT O SUBSTANCE P AND NEUROTENSI N ON HYPOTHALAM C
CAMP AND cQGW LEVELS | N OVX, AND OVX EB- PRI MED RATS

Substance P and NT are present in the CNS.
| mmunohi stochem cal and R A studies have reveal ed the
presence of SP in nost parts of the CNS of all manmmal s
studied so far including the human brain. The highest
concentrations are in the nesencephal on, hypot hal anus and
preoptic area with insignificant anounts in the cerebell um
(Brownstein et al, 1976; Kanazawa and Jessell, 1976; Gle
et al, 1978; Cooper et al, 1981). A high density of inmuno-
reactive fibres has been found in the preoptic nucleus and
SP fibres and termnals are abundant in the nmedi an em nence
in close connection with the portal vessels supplying the
anterior pituitary gland (Hokfelt et al, 1978). Subcell u-
| ar distribution studies reveal that in the hypothal anus
SP is localized in synaptosone particles (Duffy et al,
1975). A significant feature of the distribution of SP in
the brain is the uneven distriDution with very |arge
accumul ation in sone areas and other areas being conpletely
devoid of the peptide (Brownstein et al, 1976; CQuello et al,
1982). This selective distribution of the peptide in the
brain attributes specific functional activity in regions

of high concentrati on.
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Neurotensin is localized in both human and rat
brain in a conplex network of pathways. It is especially
concentrated in the hypothal anus, central anygdal oid
nucl eus and the bed nucleus of the stria termnalis (Cooper
et al, 1981; Polak and Bloom 1982). Radi oi mmunoassay by
Carraway and Leeman (1976) and by Kobayaishi et al, (1977)
have shown relatively large concentrations in the nedi an
em nence, hypot hal anus, pituitary, thalanus and brain
stem There is a particularly high concentration of NT
and its receptors in the hypothal amus. The hypot hal anus
appears to be a likely site for several of NI's neuro-

endocrine functions (Uhl and Snyder, 1981).

The abundance of SP and NI in the hypothal anus and
ot her evidence suggests that they play a role as synaptic
transmtters or nodulators of synaptic function. Anmrong
the broad spectrum of pharanacol ogical actions is the
‘ability of these peptides to affect several functions of
the ONS including rel ease of hornones fromthe anterior
pituitary (Chapter I11). However, the nechanismof its

action in the ONS renmai ns uncl ear.

Cyclic nucleotides play an inportant role as nedi a-
tors of hornonal and drug effects in the ONS (Rall and
Sattin, 1970). Several lines of evidence suggest that

CAMP may be inportant in brain function. |In vitro the
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activities of the enzynes responsible for its synthesis
(adenyl cyclase) and degradation (phosphodi esterases)

are higher in the brainthan in any other tissue (Sutherland
et al, 1962) and begin to develop at a tine when the brain
I's becomng functionally mature (Schmdt et al, 1970).
Adenyl cycl ase, cAWP phosphodi esterase and cAW itself

are concentrated in the synaptosonmal fraction of brain
tissue (De Robertis et al, 1967, Johnson et al, 1972)
where the neurohornones are found (Mlinoff and Axelrod,

1971) .

A though levels of cGW in the brain are nmarkedly
| oner than that of cAMP, together with cAW it has been
inplicated in a nunber of neural functions (Nathanson,
1977). Hgh levels of guanyl ate cyclase, the enzyne

responsi ble for its synthesis are present in synaptosones.

Earlier studies have indicated that the
secretagogue effect of SP in tissues other than the brain
| i ke the exocrine pancreas is nediated through guanyl ate
cyclase (Albano et a, 1978; Sodin et ad, 1980). Duffy
and Powel | (1975) have reported a stinulation of brain
CAWP on incubation with SP. In addition, the rel ease of
NT |ike immunoreactivity (NTLI) from hypothalamc fragnants
by di butryl cAW suggests the involvenent of an adenyl ate

cycl ase system (Maeda and Frohman, 1981). Therefore it is
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likely that the effects of these neuropeptides in the
hypot hal anus are nedi ated through cyclic nucl eoti des.

The present experinents were designed to evaluate |evels
of hypothalamc cAW and cAGW after ivt and iv injections

of the peptide.

EXPERI MEMENTAL PROCEDURE

Adult rats were O/ X while lightly anaesthetized
with ether and were used 2-3 weeks after surgery. Estradiol
benzoate (EB) was dissolved in sesane oil and adm ni stered
subcut aneously in doses of 1, 5, 10 and 100 pg per rat.
Animals were sacrificed 24 hours |later by decapitation,
the brain was excised imediately and frozen in liquid
nitrogen. The hypot hal anus was di ssected out by the
procedure of 3 ow nski and Iversen (1966) and assayed for

CAMP and cGW as detailed in Chapter I1.

Both O/X and O/X rats prinmed with 5ug of EB for
24 hours were injected with freshly prepared Substance P
or Neurotensin. 1 or 5 pg of peptide in 50 pl of 0.9%
saline was admnistered iv through the jugular vein
while the rat was lightly anaesthetized with ether. Third
ventricular injections of the peptide were nade in a vol une
of 2.5 ul of physiological saline using a 10 pu1 Hamlton

syringe. Controls received equal volune of saline.
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Animal s were sacrificed at 5, 15, 30 and 60 mn after
peptide admnistration and brain tissue was processed for

CAMP and cGQW as described in Chapter I1,

In a subsequent experinent 2.5 jig dose of SP was
injected into the third ventricle imediately followed
by 2.5 ug dose of neurotensin. Aninals were sacrificed

and |levels of cAW and cGW were determned as before.

RESULTS

Hypot halamc cAW and cGW in intact adult, O/X and OVX
EB primed rats:

Hypot hal am c cAWP | evels decreased significantly
(P<0.05) in O/X rats conpared to that in intact controls.
In contrast, cQGW increased significantly in O/X ani mals.
The admnistration of EB, however, reversed these effects.
A dose of 1 pg EB was marginally effective but doses of
5 10 and 100 pg significantly elevated cAW and decreased
cGW levels (Table 1). Since the 5 ug dose was effective
in restoring cAW levels in O/X aninmals to that of intact
controls, a 5 ug dose of EB was used for primng O/X ratss

I n subsequent experinents.
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Hypot hal amc cAWMP levels in O/ rats after SP:

Table 2 shows cAW levels in the hypothal amus of
O/NX rats after 1 and 5 pg of iv pulse injection and 2.5 pg
of ivt injection of SP. Since there was no significant
difference in cAW values after the iv or ivt admnistra-
tion of saline, values were pooled together to represent
control values. There is an overall reduction in cAW
| evel after both doses of iv SP. The nmaxi mum (P<0.01)
difference was at thirty mnutes after injection of the
peptide. On the other hand, there is an increase (P<0.02)
wthin 5 mn after ivt injection which persisted for 30 mn

(Table 2) .

Hypot hal amc cAW levels in O/X EB-prined rats after SP:

| ntravenous or ivt injection of saline did not
alter hypothalamc cAW levels in OVX, EB-prinmed rats.
Hence values for controls obtained fromboth experinents
were pooled and represented as nean + SEM Intravenous SP
at doses of 1 and 5 pg significantly (P<0.05) | owered
CAWMP | evels. The decrease was greater with 5 pg dose
than with the 1 pg dose. Lowering of cAWP |evels was
evident within 5 mn after injection and persisted for
60 mn duration of the experinent. On the other hand,
there is a significant (P<0.02) increase within 5 mn

after ivt injection (Table 3).
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Hypot hal amc cAMP levels in O/X rats after NI:

| ntravenous admnistration of either 1 or 5 ug
doses of NI in O/X rats had no effect on cAW |evels.
However, ivt injection of 2.5 pug NT significantly (P<0.02)
| onered cAWP concentration within 5 mn of admnistration

(Table 4) .
CAWP levels in O/X, EB-prined rats after NIT:

Cyclic AWP levels did not change after iv pul se
injection of NT in O/X EB-prinmed rats. Third ventricul ar
NT decreased cAMP levels significantly within 5 mn after
Injection, a pattern conparable to that seen in O/X rats

(Table 5) .
Hypot halamc cGW level in O/X rats after SP:

| ntravenous admnistration of SP 1 or 5 pg,
enhanced the levels of cGW in O/ rats within 15 m n.
The 5ug dose was nore effective than the 1 pg dose.
However, ivt admnistration of the peptide reduced cGwW

|l evels with respect to controls or i njected aninal s

(Table6) .
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Hypothalamc cQW levels in OVJX EB-prined rats after SP:

| ntravenously admnistered SP, 1 or 5 ug, in OVX
EB-prinmed rats significantly (P<0.001) stimulated cQwW
accunul ation within 15 mns. Intraventricular injection
of 2.5 pg of peptide however |owered cGW |evels signi-
ficantly (P<0.001) at 5 mn after peptide injection which

remai ned low until 60 mn duration of the experinent (Table 7).

Hypot hal amc cGW levels in O/ rats after NI:

| ntravenous pulse injection of 1 or 5 pug NT in
O/X rats failed to nodify hypothalamc cQGW |evels at any
of the tine invervals studied. In contrast ivt injections
of 2.5 pg NT induced a narked increase (P<0.001) in cGwW
levels within 5 mn after the peptide admnistration.
This increase persisted throughout the 60 mn duration of

the experinment (Table 8).

c@GW levels in OVX, EB prined rats after NT:

| ntravenous admnistration of neurotensin in OVX
EB-prined rats also failed to alter hypothal amc cQwW
| evel s except for a slight decrease at 60 mnutes after
the 5 ug dose. On the other hand ivt injection of NI
significantly elevated cGW levels (P<0.001) within 5 mn

of injection (Table 9).
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cAMP and cGMP levels after ivt SP followed by NT in OVX,

EB-primed rats:

Concomitant administration of 2.5 pg of SP and NT
intraventricularly in OVX, EB-primed rats failed to modify

the levels of cAMP or cGMP (Table 10).

DISCUSSION

Cyclic AMP and cyclic GMP are naturally occurring
constituents of brain tissue which are thought to be
mediators of hormone action. In the absence of stimulation
by exogenous hormones the concentration of intracellular
nucleotides is relatively constant. Ovariectomy resulted
in a decrease in cAMP and an increase in cGMP levels in
the hypothalamus. These changes were reversed by exogenous
administration of EB. A dose of 1 pg/rat for 24 hours was
only marginally effective but doses of 5, 10 and 100 ng/rat
significantly elevated cAMP while reducing cGMP levels.
Although there is no available data, linking EB with cGMP
in the hypothalamus, it has been reported that in vivo EB
increased cAMP levels in whole hypothalami from young
female rats (Gunaga et al, 1974). It was also reported
that diethylstilbestrol and 17-B estradiol, but not less
active estrogens, elicited two fold accumulation of cyclic

AMP in hypothalami from immature female rats incubated
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in vitro (Weissman and Skolnick, 1975; Weissman, et al,
1975). Goldberg et al (1973) have postulated that the
intracellular concentrations of cAMP vary inversely with
the intracellular concentrations of cGMP with respect to
certain regulatory events. An agonist-antagonist hypo-
thesis for interaction of the two cyclic nucleotides has
been suggested (Goldberg et al, 1973). The present results
supports this line of argument since OVX decreased cAMP
while increasing cGMP. In the above experiments OVX and
OVX, EB-primed rats were preferred to intact adult females
in order to avoid fluctuations in nucleotide levels during
the estrous cycle. Cyclic fluctuation in nucleotide
levels have been previously established (Kimura et al
1980). It is interesting to note that estradiol 17-B

is able to sustain the increase in cAMP for 24 hours and
that there 1is an opposite pattern being followed in the

case of cGMP.

There have been numerous reports on the action of
different agents on the cAMP system in brain homogenates,
brain slices, brain cell cultures or on postmortal increase.
Thus for example, depending on age and/or species of
animals catecholamines, depolarising agents, adenosine and
and electric stimulation cause an alteration in cAMP in

brain slices in vitro (Kakiuchi and Rall 1968; Kakiuchi
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et al, 1969; Sattin and Rail, 1970; Palner & a,, 1973).

Paral | el experinments i n vivo have been hanpered by (1)

very rapid postnortem changes in cerebral cAW content

with the consequent difficulty in establishing in vivo

control levels of the nucleotide (Breckenridge, 1964,
Steiner et al, 1972; Nahorski and Rogers, 1973) and (2)

by the inability of nost systemcally admnistered biogenic
amnes and peptides to cross the bl ood-brain barrier

(Wil Malherbe et a., 1961). In the above experinents,
these technical difficulties have at |east been partially
circunvented by using experinental conditions which mni-
m ze the postnortemincrease in nucleotides by rapidly
freezing the brain by imrersing in liquid nitrogen.

Control values obtained in the above experinents fall

wel | within the range observed by others (Steiner et al,
1972; Ferrendelli et a., 1972; Wl Il mann and Schwabe,

1973; Fol bergrova, 1977). There are conflicting reports
as to whether SP and NT can cross the blood brain barrier
and reach the brain after systemc injection. Substance P
may (Stern et al, 1973) or may not (von Eul er and Pernow,
1975) cross the blood brain barrier. Hence experinents
were perforned after both intravenous and intraventricul ar

I nj ections.

Intraventricular injections of SP increased the

| evel of cAWP while decreasing cGQW levels. Duffy and
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Powel | (1975) had observed a stimulation in adenyl ate
cyclase in particulate preparations fromrat and hunman
brains. This increased cyclic nucleotide fornation was
regul ated by changes in Ca?* concentrations. @ ucagon,
ACTH and insulin did not affect cAW concentrations
(Wllians et a 1969; von Hungen and Roberts, 1973).

| ntravenous admnistration of SP on the other hand, decreased
CAW and increased cGW | evels. However, iv admnistration
of NT failed to alter nucleotide |evels. There are very
few observations that relate in a direct way a given

effect of a substance be it a peptide or a nonoamne to
changes in hypothal amc nucl eotides. The present results
point to an opposing relationship both between cAW and
c@GW and also between SP and NT. Earlier findings have

i ndi cated that nmany substances produce diverse effects

on cAMP and cGQW in tissues (Ferrendelli et al, 1970;
Ceorge et al 1970; Hadden et al, 1972). Fromthe above
observations it is noticed that cAW and cGW have opposing
effects on cellular netabolic nmechanisns. Intraventricular
adm ni stration of SP produced narked el evation, evident
within 5 mnutes, while iv injection resulted in reduction
of cAW which was evident by 15 mn. Intravenous adm ni -
stration of NT, however, failed to nodify nucleotide |evels
probably because it does not cross the blood-brain barrier

(A dendorf, 1981).
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Intraventricular admnistration of SP inmmediately
followed by an equival ent dose of NI did not nodify
nucl eotide |l evels. This shows that the increase in cAW
and decrease in cAGW caused by SP can be reversed by NT

and vi ce-ver sa.

The present results thus point to the hypothal anus
as being a site of action for SP and NT. However, results
do not conclude whether the alterations in nucleotide
levels is a direct effect of the peptides or an indirect
one due to stinulation of some other netabolic paraneter
which in turn alters nucleotide levels. A striking parall el
was obtained previously in control of LH release fromthe
anterior pituitary by SP and NI (Mjayan and McCann, 1979a).
Intraventricular injection of SP induced a significant
elevation in plasns LH | evel s whereas NI produced a signi -
ficant reduction of the hornone. Reevaluation of the
effects of SP and NI on plasma LH levels in O/X rats
supported this observation (Chapter 111). The present
results thus inplicate a possible nediatory role for
cyclic nucleotides in the action of SP and NI in the brain,

particularly in the hypothal anus.
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TABLE 5. HYPOTHALAMIC cAMP IN OVX, EB-PRIMED RATS TREATED WITH NT.

CAMP (pmoles/mg wet wt)

Treatment 5 min 15 min 30 min 60 min

Saline 1.74 +0.21 1.728+0.39 1.73 +0.42 1.694+0.13
NT iv 1 \xg 2.108+0.52 1.820+0.26 1.783+0.40 1.981+0.23
NT iv 5 \ig 1.740+0.81 1.65 +0.28 2.284+0.60 1.312+0.15
NT ivt 2.5 "ig 0.218+0.15*** 0.489+0.06* 0.819+0.12 1.080+0.21

Hypot hal am ¢ cAW (pnol es/ng tissue) levels in O/Xrats prined wth 5 ug EB
for 24 h and treated wth iv (1 or 57g) or ivt (2.5\ig) NT. Each val ue
represents nean + SEMof 3-4 determnations.

*P<, 05 |

| VS control.
***xp< 01



TABLE 6. HYPOTHALAM C cGW LEVELS | N OVX RATS TREALIED WTH SP.

cAQW (pnol es/ ng wet wt)

Tr eat nent 5 mn 15 mn 30 mn 60 mn
Saline control 0. 130+0. 02 0. 118+0. 01 0.121+0. 01 0. 132+0. 01
SPiv 1 \xg 0. 093+0. 04 0.171+0.01* 0.173+0.01*** 0.151+0.01
SPiv 5 ng 0. 141+0. 01 0. 272+0. 01*** 0. 279+0. 01*** 0. 196+0. 01***
SPivt 2.5 \ig 0. 031+0. 01*** 0. 049+0. 02*  0.072+0.01** 0. 038+0. 02***

Hypot hal amc cGW (pnole/ng wet wt) after iv (1 or 5 7Nig or ivt (2.5 \xg) of
SPin OXrats at different tine intervals. Each value is a determnation
of 3-4 aninals. S nce there was no difference in cQW val ues after iv or
ivt admnistration of saline, values were pool ed together to represent
control values in this and subsequent tabl es.

*P<, 05
**P< 01 vs control.

***p<. 001
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CHAPTER V

EFFECT OF SUBSTANCE P AND NEUROTENSIN ON THE
IMMATURE RAT UTERUS AND OVARY

Supstance P and NT have been shown to alter
hypothalamic and pituitary hormone release (Chapter III).
However, the consequences of such an effect on the physio-
logy of the reproductive system remain speculative. Age
and sex related changes in anterior pituitary SP have been
documented (De Palatis et al, 1982). The SP content of
the hypothalamus varies with the estrous cycle (Antonowicz
et al, 1982; Coslovsky et al, 1984) and also shows a
circadian variation (Kerdelhue et al, 198l1). Evidence
has accrued for a role of SP during ovulation. Infusion
of SP into the third ventricle at proestrous retarded
the number of rats ovulating (Naziemblo et al, 1083). In
addition, recent evidence indicates the presence of SP in
peripheral tissues (Bucsics et al, 1983) including the
genitalia of the rat, guinea pig, cat, mouse and man.
Subst&nce P immunoreactive nerve terminals were found
to innervate the cervix, vagina, uterus, fallopian tube
and ovary (Gu et al, 1983). Since SP and NT are closely
related it was contemplated that poth these peptides have
a potential role on the réeproductive system. The effects

of these two peptides in immature female rats was the

object of this study.
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The present study aimed to evaluate uterine and
ovarian responsiveness to SP and NT. This was accomplished
using the EB and PMSG induced ovarian and uterine growth
as a model system. Exogenous SP and NT were administered
concomitantly with EB and PMSG. Alterations in uterine
and ovarian wts, DNA, RNA, protein content and 3H-thymidine
incorporation into DNA were used as parameters to s tudy

growth.
EXPERIMENTAL PROCEDURE

A. 20 day old female rats were injected with different
doses of (0.5, 1 and 5 pg) of EB in sesame oil, sc and
sacrificed 24 hrs later by cervical dislocation and the
rate of 3H-thymidine incorporation into uterine DNA was
determined. 1In subsequent experiments, 20 day old rats
were primed with 1 pg/rat of EB in sesame oil, sc or
treated with vehicle alone and sacrificed 24 hrs later.
Both primed and unprimed rats were treated with different
doses of freshly prepared SP or NT in 0.9% NaCl, ip, for
different time intervals as shown in the results. For

3H--thymidine into uterine DNA, 1 pCi of

incorporation of
3H-thymidine per uterine horn was injected intraluminally
into the uterus for varying time intervals for time course
experiments and one hour before sacrifice in all other

experiments. All rats were sacrificed 24 hrs after
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injection of EB or vehicle. Uteri were dissected out and
weighed to the nearest 0.2 mg. The DNA, RNA and protein
fractions were separated and estimated according to the
procedures described in Chapter II. An aliquot of the

DNA supernatant was used for counting with Bray's scintilla-

tion fluid in a Beckman spectrometer.

Ovine LH, FSH, LHRH, compound 48/80 (condensation
product of formaldehyde and P-methoxyphenethyl benzhydryl
ether hydrochloride) were dissolved in 0.9% saline. Ovine
Prl was dissolved in 0.9% NaCl adjusted to pH 8.0 with
O.1 N NaCH. Dopamine hydrochloride was dissolved in 1%
ascorbic acid whereas pimozide was dissolved in 0.1 M
tartaric acid. 50 pg/rat of LH or FSH or Prl or dopamine,
10 pg/rat of LHRH or compound 48/80, 0.63 mg/kg bw of
pimozide were administered ip in a volume of 100 pl
immediately before the administration of NT (2 pg/rat)
in EB primed rats and the rate of 3H-thymidine incorpora-

tion into uterine DNA was measured as described previously.

B. In a preliminary experiment 25 day old female rats
were injected with 5, 10 or 20 iu/rat,of PMSG dissolved
in 0.9% NaCl, sc, or SP or NT (1 or 2 pg/rat, sc) for

3 days. Controls received saline alone. On the 4th day
the body weight was recorded and ovaries and uteri were

removed, weighed and assayed for DNA, RNA and protein.
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tion into uterine DNA was measured as described previously.
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In a subsequent experiment, rats were injected with 20 iu

of PMSG, sc, followed by 2 pg SP or NT, sc daily for

3 days. On the fourth day after recording the body, ovarian
and uterine weights, DNA, RNA and protein content of the

ovaries and uteri were measured.

RESULTS

Effect of NT/SP on 3H-thymidine incorporation,
protein, DNA and RNA content of 21 day old female EB

primed rat:

Intrauterine administration of 3

H=-thymidine leads
to a very efficient and reproducible uptake of the label.
Considerable amount of SH-thymidine (1537.6 + 597.03 CPM/
100 pg DNA) was incorporated per h in immature rats and
the incorporation was found to be linear atleast up to

4 hrs (Table-l1l).

3H-thymidine incorporation into uterine DNA was
significantly enhanced by EB. Table=2 shows the increase
3H-thymidine incorporation after different doses of EB.
Since 1 pg dose significantly (P<.0l) increased the incor-
poration of 3H-thymidine into DNA, in subsequent experi-

ments a 1 pg dose of EB was used for priming rats.

Peripheral administration by ip injection of 2 pg
NT significantly (P<.001) augmented the stimulatory effect
of EB with a maximal effect at 2 hrs after the peptide
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injection. There was no stimulation in estradiol induced
DNA synthesis by NT at later times (Table-3). On the
other hand, SP showed no significant effect on incorpora-
tion of “H-thymidine into uterine DNA (Table-4). In a
dose response study with NT a 2 pg dose was nearly equally

effective to that of a 10 pg dose (Table-5).

Neurotensin or SP in unprimed rats did not alter
3H-thymidine incorporation into uterine DNA. There was
no significant change in DNA, RNA or protein content in
NT or SP treated rats 2hrsafter peptide administration.
However, uterine DNA synthesis, as reflected by an increase

in 3H—thymidine incorporation showed an increase in EB

primed rats (Table-6).

Table~7 demonstrates that the increase in 3H—thymidine
incorporation into uterine DNA is specific to NT action.
LHRH (10 pg/rat ip) alone had no effect on 3H-thymidine
incorporation in EB primed rat. LH or FSH (50 pg/rat ip)
administered concomitantly with NT failed to alter NT
induced 3H--thymidine incorporation whereas Prl (50 pg/rat ip)
administered along with NT significantly (PK.05) increased
3H-thymidine incorporation into uterine DNA compared to

NT treated rats (Table-7).
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Dopamine hydrochloride (50 pg/rat ip) or compound
48/80 (10 pg/rat ip) administered concomitantly with NT
significantly (P<.05) reduced NT induced 3H-thymidine
incorporation into uterine DNA. On the other hand,
simultaneous administration of pimozide (0.63 mg/kg body
wt ip), a dopamine receptor blocker, significantly (P<.05)
increased 3H-thymidine incorporation into uterine DNA

(Table-8).

Effect of SP/NT on PMSG induced uterine growth in 27 day
old rat: '

There was a dose-related increase in uterine wt in
rats treated with 5, 10 and 20 iu PMSG for 3 days starting
on day 25 of age. Both doses of SP or NT significantly
(P<.01 for 1 pg dose and P<.001 for 2 pg dose) suppressed
the uterine wts. When administered concomitantly with 20 iu
of PMSG a 2 pg dose of SP significantly (P<.Ol) suppressed
uterine wt when compared to that of rats treated with PMSG
alone. There was a slight suppression in uterine wt in
rats treated with NT (2 pg/rat/daily for 3 days sc) along
with PMSG (Fig. 1).

Fig 2. shows that ovarian wet wt was significantly

(P<.001) increased with all doses of PMSG. There was a



88

reduction in ovarian wt in rats treated with SP or NT
alone. Substance P adm;nistered along with PMSG for 3 days
significantly (P<.0l) reduced the ovarian wet wt when
compared to rats treated with 20 iu of PMSG alone. However,
this suppression of ovarian weight was not to that of

control level (Fig. 2).

Doses of 10 iu or 20 iu of PMSG administered for
3 days significantly (P<.00l) increased uterine DNA content
in rats whereas a 2 pg dose of SP or NT significantly
(P<.001 for SP and P<.05 for NT) decreased uterine DNA
content. Administration of SP + PMSG, significantly
(P<.05) reduced uterine DNA content compared to rats
treated with PMSG alone. On the other hand, NT + PMSG
did not induce any alteration in uterine DNA content when

compared to rats treated with 20 iu of PMSG alone (Fig. 3).

Fig. 4 demonstrates dramatic increase in the DNA
content of ovaries with all doses of PMSG. A dose of 2 ug
SP significantly (P{.05) reduced ovarian DNA content whereas
NT adminisfered alone was with out any effect. Neurotensin

+ PMSG significantly (P<.05) increased the ovarian DNA

content.
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The protein content of uteri treated with PMSG
(20 iu/rat daily for 3 days) was significantly enhanced
(P<.01). However, uterine protein content was significantly
(P<.001) suppressed in rats treated with SP or NT. Concomi-
tant administration of SP and PMSG reduced the protein
content of the uterus to that of control level while NT

administered along with PMSG was without effect (Fig. 5).

The ovarian protein content increased sharply with
PMSG treatment. Both doses of SP or NT failed to modify
the protein content of the ovaries. Administration of SP
or NT along with PMSG caused significant (P{.05) decrease

in the ovarian protein content (Fig.6).

The RNA/DNA ratio in control rat uterus was 0.41.
Administration of PMSG did not alter the ratio of RNA/DNA
significantly since RNA and DNA content of the uterus
increased concomitantly. However, 1 pg SP or NT adminis-
tered for three days significantly (P<.0l) reduced the
RNA/DNA ratio. The RNA/DNA ratio in uterus of rats
treated with PMSG + SP or NT also reduced significantly
(P<.05) when compared to rats treated with PMSG alone

(Fig.7).

Fig.8 indicates that the ratio of ovarian RNA/DNA

increases with PMSG administration. Administration of SP
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or NT did not change the ovarian RNA/DNA ratio. Admini-
stration of SP and NT concomitantly with PMSG produced a
slight reduction in the ovarian RNA/DNA ratio when compared
to PMSG alone treated rats (Fig.8).

DISCUSSION

Estrogens initiate a complex set of biochemical
responses in the immature rat uterus culminating in uterine
growth at 24-36hrdClark et al, 1973; Katzellenbogen and
Gorski, 1975; Mukku et al, 1982). Many factors have been
investigated in relation to uterine growth in EB treated
immature rats notably uptake of water and small molecules,
protein, DNA, RNA content and incorporation of radioactive
precursors into nucleic acids. 3H-thymidine incorporation
into DNA serves as sensitive indicator of estrogep action
(Kaye et al, 1972). The present results confirm earlier
findings (Stormshak et al, 1976) that a single dose of EB
causes maximal stimulation of 3H-thymid:l.ne incorporation
24 hrslater. This 24hrs response is associated with increase
in mitotic activity (Kaye et al, 1972; Quarmby and Korach,
1984). Substance P did not exert any action whereas NT
augmented this effect of EB with a maximal effect 2 hrs
after peptide administration. None of the actions of NT
have been related to the reproductive system. Neverthe-

less, NT is known to act on the intestinal smooth muscle
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(Kitabgi, 1982). The uterine smooth muscle is very
similar to that of the gi tract (Kuriyama, 1968). Peri-
pheral administration of NT does not have central effects
as it does after ivt injection (Vijayan and McCann, 1979a,
1980, Chapter III). Therefore, it is plausible that NT
can exert some action on the uterus. The maximal effect
of NT on uterine DNA synthesis in EB primed rats was at

2 hrs. The peptide probably binds to uterine receptors
setting off a train of events that persists long after

it is degraded. Alternately, the physiological effect

of the peptide could be due to cross reaction with recep-
tors meant for substances akin to NT which are physiologi-
cal mediators of its action. Its action may indicate some
secondary phenomenon resulting from the initial stimula-

tion of some essential biochemical processes.

The stimulation of EB induced 3H-thymidine incorpo-
ration by NT was unaltered by concomitant administration
of LH and FSH ﬁhose trophic effects on the reproductive
system are well known. Luteinising hormone releasing
hormone (LHRH) too, which is similar to NT by having its
NH2 terminus a pyroglutamyl moiety, failed to alter 3H-
thymidine incorporation when administered alone. Luteini-
sing hormone releasing hormone had no effect on the NT

induced stimulation in 3H-thymidine incorporation. However,
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concomitant administration of Prl with NT further
increased the stimulatory effect of NT on 3H-thymidine
incorporation. The involvement of Prl on cell prolifera-
tion in the reproductive system (Keenan et al, 1981) as
well as the pituitary (Kalberman et al, 1980; Jacobi and
Lloyd, 1981; Burdman et al, 1983) have been reported.
However, present data does not indicate whether NT and Prl
increase 3H—thymidine incorporation into uterine DNA
independently. Administration of dopamine which inhibits
Prl release, along with NT resulted in a decrease in DNA
synthesis whereas pimozide, a dopamine receptor blocker,
caused an opposite effect suggesting that the dopaminergic
system may be involved in the stimulatory effect of NT on

uterine 3H-thymidine uptake.

The estrogen induced release of histamine (Szego,
1965) which appears to be involved in the rapid onset of
hyperemia and water imbibition is difficult to correlate
with findings regarding the genome activation. The hypo-
tensive effect of neurotensin is thought to be mediated
via histamine (Quirion et al, 1980; Rioux et al, 1982).
Compound 48/80, which depletes mast cells of its histamine
content and is a well known histamine liberator (Feldberg
and Talesnik, 1953; Lipner, 1971) when administered along
with NT decreased the NT induced 3H-thymidine incorporation
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in EB=-primed rats. However, SP is also known to release
histamine (Johnson and Erdos, 1973) and the fact that it
failed to modify 3H-thymidine influx into the cell is
difficult to interpret.

In contrast to the effect of a single injections
of NT in the 21 day old rat, three injections of NT or SP, in 2
day old rat seemed to have an inhibitory role in the
reproductive system. Administration of 1 and 2 pg of NT
or SP reduced uterine and ovarian wts in rats unchallenged
with exogenous PMSG. In the PMSG treated rats too SP
significantly lowered the uterine and ovarian weights as
well as the macromolecular content as reflected by a
decrease in the content of DNA, RNA and protein. These
represent an alteration in the gross metabolism of the

body since body wts weré unaltered. by peptide treatment.

Suppression of PMSG and human choronic gonadotropin
(HCG) induced uterine and ovarian growth by brain peptides
is not entirely a novel phenomenon. Arginine vasotocin
and melatonin extracted from the pineal has been shown to
consistently lower ovarian and uterine wts in rats (vVaughan

et al, 1976a,b; Johnson et al, 1978). In this regard it
is interesting to note that SP is present in exceptionally

high quantities in the pineal gland (Marks, 1977). Recent
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studies also indicate inhibition of the action of steroid

hormones by LHRH and its agonists (Sundaram et al, 1981).

The patterns of change in ovarian wts in this study
treated with PMSG alone is consistent with that found in
literature (Sasamota and Johke, 1975). The pattern of
ovarian growth changes with peptide may possibly reflect
inhibition of follicular growth by interfering with the
action of pituitary hormones at the level of the ovary.
The apparent suppression in uterine growth possibly ref-
lects decreased estrogen levels in rats treated with
peptide or dirgct effects at the level of the uterus to
inhibit growth. The mechanism of the antisteroid action

of the peptide remains to be established.

The present results thus indicate that SP and NT
possibly exert some influence on the process of growth
and differentiation. Clearly, the effects of SP and NT
on the 21 day old rats and 28 day old rats are different.
Either the sensitivity to these peptides is altered or
the different hormone regimen is responsible for these
varied effects. The inhibitory role of SP is consistent
with that found earlier (Naziemblo et al, 1983) which was

antiovulatory.



TABLE 1. °3[H]-THYMIDINE INCORPORATION INTO
UTERINE DNA AFTER INTRAUTERINE
ADMINISTRATION IN IMMATURE RATS

Time af?e? 3H—thymidine
-thymidine incorporation
administration (h) CPM/100 pg DNA
1 1537.0 + 597.0
2 3095.2 + 852,1
3 9042,0 + 170.7
4 8295.6 + 440.0

Rats were injected with “H-thymidine (1 uCi/
uterine horn) and sacrificed at the times
indicated. The rate of “H-thymidine incorpo-
ration into DNA was determined as in Materials

and Methods. Values are mean + _SEM..
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TABLE 2. "H-THYMIDINE INCORPORATION INTO UTERINE

DNA AFTER PRIMING WITH DIFFERENT DOSES

OF EB.
3 < s
H-thymidine
Dose of Estradiol Benzoate incorporation
CPM/100 pg DNA/h
Control 1537.0 + 597.0
0.5 pg 4031.8 + 541.2
1 ug 9050.0 + 935,1%*
5 pg 20290.8 + 494 ,2%%*

3H-thymidine incorporation into uterine DNA after
priming with different doses of EB (Sc for 24 hrs)
dissolved in sesame oil in 21 day old rat.
Controls received vehicle alone. 3H-thymid:i.ne was
administered intraluminally for 1 h. Values are
mean + SEM.

**P<0,01

vs control
*##P< ,001
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TABLE 3. °“[H]-THYMIDINE INCORPORATION INTO UTERINE
DNA/h IN ESTRADIOL PRIMED IMMATURE RATS
AFTER 2 pg OF NT FOR DIFFERENT TIME

INTERVALS.
Time after NT /% change
administration over E/C value
(h) before sacrifice control
1 54.9 1.6
2 70.3 2.1
4 10.9 l.1
8 -1.3 0.9
12 -17.9 0.8
24 21,2 1.2

Rats were primed with 1 pg EB and sacrificed 24 hrs
later. The rate ofrsH-thymidine incorporation was
determined as in Materials and Methods 1 h after the
administration of 3H-thymidine. Neurotensin

2 pg/rat ip was injected at the times indicated.

E/C = Experimental/Control
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TABLE 4. H=-THYMIDINE INCORPORATION INTO UTERINE
DNA/h IN EB PRIMED IMMATURE RATS AFTER
2 pg OF SP FOR DIFFERENT TIME INTERVALS.
Time after SP % change -
administration over E/C value
(h) before sacrifice control
1 -3.75 0.96
2 9.3 1,05
4 11.4 l1.12
8 17.46 1.2
12 34.9 1.53
24 10.8 1.08

Rats were primed with 1 pg EB and sacrificed 24 hrs
-later. The rate of 3H-thymidine incorporation was
determined 1 h after the administration of 3H-
thymidine. Substance P 2 pg/rat was injected ip
at the times indicated.

E/C = Experimental/Control



TABLE 5. SH-THYMIDINE INCORPORATION INTO
UTERINE DNA, 2 h AFTER DIFFERENT
DOSES OF NT IN EB PRIMED RATS.

34-thymidine
Dose of NT incorporation
CPM/100 pg DNA/h

Control - 9050.0 + 935.1
100 ng 10163.7 + 1063.4

2 ug 18801.7 + 1848 ,2%%*
10 pg 21202.0 + 905,3%**
50 png 26873.0 + 1212,6%**

Rats were primed with 1 pg EB and sacrificed
24 hrs later. The rate of 3H-thymidine
incorporation was determined 1 h after the
administration of 3H-thymidine. Different
doses of NT were administered 2 hrs before
autopsy. Values are mean + SEM.

**#*#¥P< ,001 vs control.
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TABLE 7. EFFECT OF LHRH, LH, FSH AND Prl
ON NT INDUCED UTERINE “H-THYMIDINE
INCORPORATION IN EB PRIMED IMMATURE

RAT.
ji thymiaine,
CPM/100 pg DNA/h
Control 9050.0 + 935.1
NT 18801.7 + 1848.2
LHRH 10373.1 + 567.8
LHRH + NT 17648.6 + 609.32
LH + NT 17,762,0+ 518,92
FSH + NT 20,664.0+ 837,22
Prl + NT 24,588.0+ 721,3°

3H-thymidine incorporation into uterine DNA,
2hrs after the administration of NT (2 pg/
rat ip), in combination with LHRH (10 pg/
rat ip), LH (50 pg/rat ip), FSH (50 pg/rat)
or Prl (50 pg/rat ip) in EB primed (1 pg/
rat/24hrs) 21 day old rat.

a P<.001 compared to control
l P<.001 coﬁpared to control
c
P<.05 compared to NT treated rats.



TABLE 8. EFFECT OF DOPAMINE, COMPOUND 48/80 AND
PIMOZIDE ON NT INDUCED “H-THYMIDINE
INCORPORATION IN EB PRIMED IMMATURE
RAT.

34-thymidine
Treatment incorporation
CPM/100 pg DNA/h

NT 18,801.7 + 1848.2
NT + dopamine 12,787.3 + 477.6%
NT + compound 48/80 12,964.9 + 1339,2+%
NT + pimozide 26,832.0 + 2328.4%

3H-thymidine incorporation into uterine DNA

after 2 pg (ip) of NT for 2hrsin combination
with dopamine, compound 48/80 or pimozide in
EB primed (1 pg/rat for 24hrs) 2l day old rat.

*P{,05 vs NT treated rats.



Fige 1 Uterine wts (mg) of 25 day old rats treated with
different doses of PMSG(sc) and/or SP/NT(sc)
daily for 3 days. On day 28 rats were autopsied
24 hrs after they received the last injection.
Controls received saline alone. In this and
subsequent figures results are mean + SEM. The
numbers in parentheses indicate the number of

animals used per group.

*P<L05 5
**¥p< .01
**%P< .001

vs control

++ 7P <.05 vs  PMSL (2014)
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Fig. 2 Ovarian wts (mg) of 25 day old rats treated with
different doses of PMSG(sc) and/or SP/NT(sc) daily

for 3 days. On day 28 rats were autopsied 24 hrs

after they received the last injection.

*PK .05

**p< ,01 vs control
#¥4PC,001 |}

++ P<.01 vs PMSG(20 iu)
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Fig. 3 Uterine DNA content (pg) of 25 day old rats
treated with different doses of PMSG(sc) and/or
SP/NT(sc) daily for 3 days. On day 28 rats were
autopsied 24 hrs after they received the last
injection.

*p<.05 |
§ vs control
*%%PC ,001 |
+ PC.05 vs PMSG(20 iu)
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Fig. 4

Ovarian DNA content (pg) of 25 day old rats
treated with different doses of PMSG(sc) and/or
SP/NT(sc) daily for 3 days. On day 28 rats were
autopsied 24 hrs after they received the last

injection.

*PCL05 g

vs control
*%#¥pC ,001 | :

+ PC.05 vs PMSG(20 iu)
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Fig. 5 Uterine protein content (mg) of rats injected
with PMSG and/or SP/NT sc for 3 days starting on
day 25. Rats were autopsied on day 28 24 hrs
after the last injection.

*#p ,01

l vs control
**%pC ,001 |

++ P<¢.01 vs PMSG(20 iu)
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Fig. 6 Ovarian protein content (mg) of rats injected
with PMSG and/or SP/NT for 3 days starting on

day 25. Rats were autopsied on day 28 24 hrs

after the last injection.

*%¥%¥pP{ ,001 vs control

+ PC.06 vs PMSG(20 iu)
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Fig. 7 Uterine RNA/DNA ratio of 25 day old rats treated
with different doses of PMSG(sc) and/or SP/NT(sc)
for 3 days. On day 28 rats were autopsied

24 hrs after they received the last injection.

**p<(,01 vs control

+ PK.05 vs PMSG(20 iu)
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Fig. 8 Ovarian RNA/DNA ratio of 25 day old rats treated
with different doses of  PMSG(sc) and/or SP/NT(sc)
for 3 days. On day 28 rats were autopsied

24 hrs after they received the last injection.
**¥P<.001 vs control

+ P<.05 vs PMSG(20 iu)
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CHAPTER VI

EFFECT OF SUBSTANCE P AND NEUROTENSIN ON IMPLANTATION AND
GESTATION IN THE PREGNANT RAT

A number of antifertility agents have been investi-
gated for the development of post-coital contraception
during the last decade. Most of these are formulations
containing estrogenic or progestational compounds or both
(Yuzpe, 1979; Porter and Jones, 1981). Hdwever, other
compounds notably bromocryptine (Muller et al, 1980),
serotonin (Aliverti et al, 19823 Mitchell and Hammer,
1983; Mitchell et al, 1983), histaﬁine (Hoos and Hoffman,
1983; Wordinger et al, 1985), prostaglandins (Batta and
Martini, 1975; Biggers et al, 1981), HCG (Hahn et al,
1980; Kato et al, 1983) and LHRH have been demonstrated
to be successful to varied extent. Luteinising hormone
releasing hormone, its agonists and antagonists can disrupt
the normal pattern of hormone secretion before or after
implantation and interfere with pregnancy (Corbin et al,
1976, 1979; Humphrey et al, 1976, 1977; Beattie and Corbin
1977; Rivier et al, 1979; 1981; Nillius, 1983; Babu and
Vijayan, 1983b ), In addition, LHRH also exerts a local
extrapituitary antifertility effect (Jones, 1979; Bex and
Corbin, 1981; Vijayan, 1985b).
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The pregnant rat has been frequently used for
testing various substances applied directly into the uterus
to determine their effects on implantation and fetal viabi-
lity. One approach is to inject various test substances
directly into the uterine horn and to observe the subsgquent
effect on reproductive function (Batta and Martini, 1975;
Bo et al,1976; Connor et al, 1976; Jones, 1979; Wu and
Gu, 1981; Vilar-Rojas et al, 1982). Substance P is pre-
valent in the genitourinary tract (Alm'gg al, 1978; Gu et al,
1983). Neurotensin is similar to LHRH in having its N-
terminus a pyroglutamyl moiety. Furthermore, the results
of the previous chapter have indicated a role for SP and
NT in peripheral reproductive processes. Hence it seemed
pertinent to define the role, if any, of SP and NT during
pregnancy. The present study describes the effect of
intrauterine micro injection of SP and NT on implantation
and fetal survival. Uterine glycogen, an important energy
source for both embryonic development (Demers et al, 1972)
and parturition (Chew and Rinard, 1979) serves as a
convenient marker for the development and maintainence of
pregnancy (Vasilenko et al, 198l1)., In addition to recording

the number of viable fetuses uterine glycogen levels were

monitored.



Treatment schedule for testing the
anti implantation effect of SP/NT

Preg.day d 2 10 15 20 21 24
Fert. —~
Implantation Parturition
345 10 20
Expt.1 ———o—o—s . . o
tte autopsy
8 910 16
Expt.2 *—-;—; -
bt autopsy
14 1516 ‘21 24
Expt.3 --—o—b8 . .
tte —~—
or or Purturltlon

The top line in the figure shows events in a normal pregnancy. In the different

experiments arrows indicate intrauterine injections of saline or SP/NT
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EXPERIMENTAL PROCEDURE

Adult female rats displaying regular 4 day cycles
were allowed to cohabit with males of proven fertility on
the evening of proestrous and the presence of sperm in
the vaginal smear on the following morning was ponsidered
day 1 (D1) of pregnancy. Three different experimental
schedules were designed to test the effect of SP or NT
at various stages of pregnancy as outlined in Fig. l.

100 pg of SP or NT were dissolved in 2.5 pl of 0.9/ NaCl
and injected into the right horn of the uterus below the
utero-tubal junction on days 3,4 or 5 or on days 8,9,10.
The contralateral horn served as a control. Two groups of
control animals received an intrauterine injection of 2.5 pl
of saline in the right uterine horn on either day 4 or day
9, Animals were sacrificed oﬁ-day 10 or on day 16 and the
uterine horns were divided and weighed individually. The
number of viable fetuses in each horn were recorded.
Fetuses from both horns in control and experimental groups
were examined and weighed individually. The distinction
between alive or dead waé clear because of size and colour
difference of the implantation sites. The glycogen content
of the uterus was determined by the method of Lo et al,
(1970) as described in chapter-II. Groups of rats were
injected intraluminally on D14 or D15 or D16 with 100 pg

of SP or NT in 2.5 pl saline into both uterine horns. One
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group was injected with 2.5 pl saline into both uterine
horns. These rats were allowed to continue for term and
allowed to parturate. The length of gestation and the

number of pups born were recorded.

RESULTS

The injected horn (right) of the control group was
unaffected by the administration of 2.5 pl saline on D 4.
There was no alteration in the number of viable fetuses
in the right horn injected with SP or NT on D 3 of pregnancy.
However, there was a significant reduction in .the number
of viable fetuses in the right horn of rats injected with
SP or NT onD 4 or D 5 of pregnancy. The weight of the
right horn and the glycogen content also decreased in SP
or NT treated rats on D 4 or D 5 of pregnancy. There was
no significant difference between the left horn of the
treated and control group with regard to the number of
viable fetuses, weight of the uterus or glycogen content

(Table. 1 and 2).

Table 3 and 4 demonstrate that there is no signi-
ficant difference between the right horn treated with SP
or NT on D8, D9 or D10 of pregnancy and the untreated
contralateral horn with regard to the number of viable

fetuses, weight of the uterus or glycogen content. There
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was also no difference between saline injected right horn

and SP/NT injected horns on D9 of pregnancy.

Intrauterine administration of 100 Mg SP or NT on
D14, D15 or D16 of pregnancy did not alter gestation length
or the number of pups born as compared to rats injected

with saline (Table 5).
DISCUSSION

The present study demonstrates that intrauterine
administration of 100 pg of SP or NT on D4 or D5 of
pregnancy disrupts implantation. Results indicate a local
claudogenic effect of SP/NT when administered intralumi-
nally. This local effect is reflected in the decreased
weight of the injected horn and its contents and the
decreased glycogen content. However, the contralateral
uninjected horn is unaffected with regard to the number
of fetuses, weight of the uterus and glycogen concentra-
tion. The effect of SP/NT therefore, seems to be a direct
one. The peptide, injected intraluminally in the right
uterine horn is not being absorbed into the systemic
circulation in sufficient quantities to produce an effect
in the contralateral horn. The antifertility effect of
SP/NT prior to implantation occurs -through a mechanism

other than that involving the hypophyseal - ovarian axis.
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However, the mechanism by which SP/NT exert their
antifertility effect remains unelucidated. Normal endo-
metrial function particularly during periods of enhanced
metabolic activity requires abundant supply of O, and
metabolic substrates (Yochim, 1975; Heald, 1976). 1In
response to an implanting blastocyst the uterus in many
mammals exhibits a localized increase in vascular per-
meability at the implantation sites (Psychoyos, 1973)
which is thought to be elicited by vasoactive mediators.
The process of implantation begins when mammalian zygote
reaches the stage of blastocyst during its development
(Hicks and Gil-Recaseus, 1980) and makes contact with the
endometrial surface epithelium which is differentiated
into specific regions called implantation sites. Both SP
and NT are potent vasoactive substances. The inhibition
of implantation by SP/NT appears to be effective only
during the periimplantation period on day 4 or 5 - the
day when the blastocyst loses its zona and interactions
between the blastocyst and uterus are initiated. Substance P
is capable of altering vascular permeability directly on
blood vessels and indirectly through mast cell histamine
(Foreman and Jordqn, 1983). Vascular alterations in the
uterus impairs implantation (Franklin and Brent, 1964)
and fetal development (Bruce, 1977) as has been demonstra-
ted for serotonin (Mitchell and Hammer, 1983). The
antiimplantation effect of SP/NT may be due to alterations

in vascular permeability caused by the peptides.
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No effect on implantation was seen when SP/NT was
injected on day 3, possibly because the ova have not yet
entered the uterus. It is also interesting to note, no
dramatic deleterious effects on pregnancy and gestation
when SP/NT were injected during the latter half of preg-
nancy after the implantation period. The present data
thus suggests that SP and NT are capable of exerting a
direct, local antifertility effect on the process of

implantation.
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TABLE 5. EFFECT OF SP/NT ON GESTATION AND SIZE

OF LITTER
No. of Pups/
Treatment Day of Delivery litter
surviving
Saline D15(5) 22,4 + 0.5 9.4 + 0.7
SP-D14 or D15 or D16(11) 23.1 + 0.2 8.6 + 0.9
NT-D14 or D15 or D16(12) 22.4 + 0.6 845 + 0.7

Effect of intrauterine injection of saline or SP/NT on
Since there was no
significant difference in the values on either days, the

either D14, D15 or D16 of pregnancy.

results for each peptide are pooled and represented as

mean + SEM.
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CHAPTER VII

EFFECT OF SUBSTANCE P AND NEUROTENSIN ON PLASMA AND
HEPATIC TOTAL LIPID, CHOLESTEROL, TRIGLYCERIDE AND
FREE FATTY ACID LEVELS

Few recent studies have revealed that SP and NT
cause transient alterations in circulating cholesterol
(Raju, 1980; Peric Golia et al, 1980, 1984). Cholesterol is
an obligatory precursor for steroid hormone synthesis
(Bransome, 1968). It is also a necessary component of vir-
tually all cellular membranes of higher aniﬁals. A possible
role for NT in cholesterol transport has been speculated
(Carraway and Leeman, 1975b). Preliminary experiments by
Peric Golia et al, (1979) demonstrated a significant
hypercholesterolemic effect of NT not modified by adrenalec-
tomy or hypophysectomy. Subsequently, studies in our labo-
ratory confirmed the hypercholesterolemic effect of NT
which was antagonized by SP (Raju, 1980; Raju and Vijayan
1981). Neurotensin is abundantly present in the small
intestine in co-existance with synthesis and assembly of
some cholesterol transporting lipoproteins (Mahley et al,
1971; Fernstrom et al, 1980) suggesting a regulatory role

in the intenstinal transport of cholesterol,
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Neurotensin like immunoreactivity (NTLI) increased
after food intake (Besterman et al, 1978; Mashford et al,
1978) and fat seemed to be the most important constituent
of food in this respect (Rosell and Rékaeus, 1979; Ferris
et al, 1981, 1982). Alcohol and fatty acid stimulate release
of NT from the small intestine (Ferris et al, 1985). It is
however not clearly known which component of dietary lipid
is the most effective in stimulating release of NILI. A
suggestion that NT may be involved in lipid homeostasis
was made (Miller and Hendricks, 1981). To evaluate this
hypothesis further the total lipid content, cholesterol,
triglyceride and free fatty acid levels of the plasma were
monitored after NT administration. Experiments were also
performed with SP for comparison. Since the liver plays a
major role in the overall metabolism of cholesterol, hepatic

lipid levels were also measured after peptide administration.

Experiments were carried out in unanaesthetized, OVX
rats primed with estrogen bearing chronically implanted
indwelling jugular venous cannulae. To test whether the
hypocholesterolemia or hypercholesterolemia caused by SP
and NT, respectively, is peripheral or mediated by CNS, the
peptides were injecfed into the third ventricle in rats
bearing third ventricular stainless steel cannulae.

4-aminopyrazolo (3,4-d) pyrimidine (4-APP), a drug which
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selectively inhibits hepatic secretion of cholesterol
(Shiff et al, 1971), was also used to determine the possible
site of action of the peptides in modifying circulating

cholesterol levels.

EXPERIMENTAL PROCEDURE

Adult female rats, were OVX and used for experiments
3-4 weeks after the surgery. Different doses of estradiol
benzoate (EB) in 0.l ml sesame 0oil were administered sc for
24 hrs. Subsequently, a dose of 5 pg of EB/rat was used for
priming the rats 24hrs before the experiment. Four to seven
days before the experiments rats were implanted with third
ventricular stainless steel cannulae and on the day prior to the
experiment, indwelling silastic catheters were introduced
into the external jugular vein as described previously
(Chapter II). On the day of the experiment, an extension
of polyethylene tubing (PE 50, 12" in length) filled with
heparin 0.9% NaCl was attached to the distal end of the
jugular cannula and the animals were left undisturbed for
30-60 min. During this time, a preinjection blood sample

(0.4-0.6 ml) was withdrawn.

The peptides were freshly prepared in 0.9% saline.

Systemic administration by iv pulse injection of test substance
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was made in volume of 100 pl through the intrajugular

cannula in a dose of 1 or 5 pg. An intermediate dose of 2.5 pug
was injected into the third ventricle in a volume of 2.5 pl
using a Hamilton microsyringe as described previously
(Chapter II). 1In all cases, injection time was about 60 sec
and all experiments were performed in the morning between
0900 and 1100 hrs. Heparinized blood samples (0.4-0.6 ml)
were collected from the external jugular vein at 5, 15, 30
and 60 min while the animal was freely moving in the cage.

The volume of all samples was replaced immediately after

each bleeding by an equivalent volume of saline. Plasma

was separated by centrifugation and stored frozen until
assayed. At the end of 60 min the rats were sacrificed by
decapitation and the liver was dissected out. It was cleared
of adhering fat, weighed and homogenized in 20 volumes of
chloroform: methanol, 2:1 and processed further for determina-
tion of the total lipid content as outlined in Chapter II.
Standard procedures were used for the estimation of total

and free cholesterol, triglycerides and free fatty acids

(See Chapter II). Esterified cholesterol was calculated as

the difference between total and free cholesterol.

To determine if availability of circulating lipo-
proteins influence the effects of the peptide, the adenine

analogue, 4-amino pyrazolo (3,4-d) pyrimidine (4-APP) was
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administered. Intraperitioneal injections of 4-APP
(10 mg/Kg bw) were given daily for 3 days in 10 mM sodium
phosphate buffer.

RESULTS

Total plasma lipid, cholesterol, triglyceride and fatty acid
in adult OVX and OVX EB primed rats:

Total plasma lipid content, free cholesterol and free
fatty acids were not modified by OVX. However, the total
cholesterol level was significantly (P<.05) increased after
OVX. The bulk of the cholesterol form which increased after
OVX was the esterified form. A single injection of estradiol
was effective in reversing the changes induced by OVX. Since
5 ung dose of EB was effective in bringing cholesterol levels
to that of adult control levels, a 5 pg dose was used for
priming rats in subsequent experiments. Plasma triglyceride
levels were reduced significantly (P<.0l) after OVX. Admini-
stration of 5 or 10 pg EB in OVX rats significantly (P<.Ol)

increased plasma triglyceride levels (Table .1).
Effect of SP and NT on total plasma lipid:
The total plasma lipid content was unaltered by

either iv or ivt injections of SP or NT at any time intervals

studied in OVX estradiol primed rats (Table 2).
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Effect of SP and NT on plasma cholesterol levels:

Intravenous pulse injection of 1 pg of SP or NT
or third ventricular injections of 2.5 pg of peptide failed
to modify circulating cholesterol levels. However, a 5 ug
dose of SP administered iv produced a significant decrease
in cholesterol levels (P<.05) at 30 and 60 mins. 1In contrast,
5 pug NT, iv caused a significant increase (P<.05 at 30 and
60 min) in plasma cholesterol levels (Fig. 1 and 2). Simi-
larly free cholesterol levels were also significantly elevated
by 5 pg dose of NT. However, there was no change in the
esterified cholesterol 1levels (Fig. 3 and 4). A 5 pug dose
of SP produced a significant decline in both the esterified
and free cholesterol levels at 30 and 60 min after iv pulse
injection resulting in a net decrease in total circulating

cholesterol level (Figs. 5 and 6).
Effect of SP and NT on plasma triglyceride levels:

Third ventricular injection of 2.5 pg dose of SP
or NT failed to modify circulating triglyceride levels.
Intravenous SP, 5 pg dose however, significantly reduced
circulating triglycéride levels 30 and 60 min after admini-
stration. On the contrary, plasma triglyceride levels were
significantly (P<.05) elevated by iv pulse injection of 5 pg
NT (Figs. 7 and 8).
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_ffect of SP and NT on plasma free fatty acid levels:

Third ventricular injection of 2.5 pg dose of SP
or NT significantly (P<.00l1) reduced plasma free fatty acid
levels within 5 min of injection. The decrease persisted
till 60 min duration of the experiment. Intravenous pulse
injection of 1 pg SP caused no change in the plasma free
fatty acid levels. However, there was a singificant (P<.001)
reduction within 15 min after the 5 pg dose of SP. 1In
contrast, iv pulse injections of 1 and 5 pg of NT significantly
(P¢.01) elevated plasma free fatty acid levels. Free fatty

acid levels remained elevated for the 60 min duration of

the experiment (Figs. 9 and 10).

Effect of SP and NT on total hepatic lipid content:

Total hepatic 1lipid content was not altered one
hour after iv or ivt administration of either peptide

(Table 3).
Effect of SP and NT on hepatic cholesterol:

Intraventricular injections of 2.5 pg of SP or NT
failed to modify hepatic cholesterol. Hepatic cholesterol
was also unaltered by 1 ug of iv SP or NT. However, 5 pg
dose of SP, iv, significantly (P<.05) reduced hepatic
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cholesterol. Similar dose of NT, however, significantly
(P¢.01) increased hepatic cholesterol concentration. The
fraction of the total cholesterol that was reduced by SP and

increased by NT was the free cholesterol fraction (Fig.1ll).

Effect of SP and NT on hepatic triglyceride:

Hepatic triglyceride levels were unaltered by 2.5 pg
ivt or by 1 pg iv pulse injection of SP and NT. 5 pg of SP,
iv, significantly (P<.05) decreased whereas 5 pg of NT, iv,
significantly (P<.05) increased hepatic triglyceride levels
(Fig. 12).

Effect of 4-APP and NT on circulating and tissue Cholesterol:

Administration of 4-APP or SP significantly ‘reduced
plasma and hepatic cholesterol levels (P<.001 for 4-APP;
P<.01 for SP) in the estradiol primed rats. Administration.
of 5 pg NT in 4-APP or SP pretreated rats blocked hypo-
cholesterolemic actions of SP or 4-APP whereas NT alone
produced significant elevations in both circulating and

hepatic cholesterol levels (Fig. 13 and 14).
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DISCUSS ION

Ovariectomy induced on elevation in plasma
cholesterol levels while reducing plasma triglyceride
levels. A single injection of 5 pug EB was effective in
restoring circulating cholesterol levels to that of control.
The OVX, estradiol-primed rat was used in these experiments
to simulate the natural physiological state of the animal.
Previous work in our laboratory (Raju and Vijayan 1981;
Vijayan and Raju, 1982) as well as that of others (Peric
Golia et al, 1979, 1984) has implied a role for NT and SP
in modifying circulating cholesterol levels. A proposal
that NT may be involved in lipid homeostasis was made
(Miller and Hendricks, 1981) on the basis of localization of
NT-like immunoreactivity in the gi tract of the rat. Present
studies therefore evaluated the total plasma lipid content
and also the cholesterol, triglyceride and free fatty acid
levels. The results however, indicate that the figure for
total lipid is of little value in itself as there was no
change in the total plasma lipid after SP or NT. To assess
the significance of variation one needs to know what
changes are there in the constituents composing it. Present
findings indicate that peripheral administration by iv pulse
injection of SP and NT have opposite effects on circulating
cholesterol levels. Substance P caused a transient hypo-

cholesterolemia whereas NT produced a hypercholesterolemic
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effect. However, both the peptides were ineffective at a
dose of 1 pug/rat. A minimum dose of 5 pg/rat was required
to produce an effect on circulating Eholesterol levels.

The bulk of the plasma cholesterol which increased after

NT administration was the esterified cholesterol whereas

SP induced a reduction in the free cholesterol. Descrip-
tion of the levels of plasma cholesterol is complicated by
the fact that all the cholesterol in the plasma forms part
of an exchangeable pool that includes a substantial fraction
of the total tissue cholesterol. This exchangeable pool
undergoes turnover owing to its enterohepatic circulation
with net loss in the faeces and replacement by endogenous
synthesis and absorption of cholesterol from food. A
further complication arises from the presence and turnover
within the plasma owing to the conversion of free and esteri-
fied cholesterol. It is necessary therefore to consider
the interchange of cholesterol molecules within the plasma
as well as the net flux caused by continuous replacement of
cholesterol in the whole exchanged pool. Peric-Golia gt al
(1980) reported that NT had no effect on the 7 a-hydroxy-
lation of cholesterol. They also examined the effect of

NT on the concentration of cholesterol and bile acids in
gal bladder (Peric-Golie et al, 1984). They observed a
decrease of cholesterol concentrations in the ileum after
NT administration suggesting that additional circulating

cholesterol may be brought into the plasma pool from the
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intestine. Considerable concentration of NT and SP has

been demonstrated in the rat intestine (Carraway and Leeman,
1976). Some lipoproteins which are active in cholesterol
transport are also synthesized in this segment of the gut
(Mahley et al, 1971; Fernstrom et al, 1980) and rapidly
transported via the mesenteric lymph (Green et al, 1978)
into the plasma. The stimulatory effect of NT on the plasma
cholesterol was attributed to either intestinal overproduc-
tion of NT or hypothalamic hypersecretion followed by an
increased delivery of NT to the gut and other tissues active
in cholesterol transport. A possible physiological role
for both these peptides as humoral agents responsible for
neurogenic hyper- and hypocholesterolemia (Friedman et al,
1969) was also suggested since they are present in the
hypothalamus. However, failure of any alteration in circu-
lating cholesterol levels after third ventricular injections

of these peptides questions this possibility.

Neurotensin and SP not only affect cholesterol
levels but also circulating triglyceride levels. Neuro-
tensin causes a transient increase in triglyceride levels
whereas SP produced a lowering of triglyceride levels after
iv pulse injection. The plasma free fatty acid levels were
also reduced with intravenous SP whereas iv NT, increased
the plasma free fatty acid levels. In contrast no effect

- on circulating cholesterol and triglyceride levels after
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third ventricular injections of SP and NT was noticed. The
free fatty acids is now known to be the most active form of
the plasma lipids. Intracerebroventricular administration
of dopaminergic and cholinergic agents have been known to
control peripheral lipid mobilization by altering serum
free fatty acid levels (Uchida and Nomoto, 1982; 1983).
Substance P and NT have been shown to alter cholinergic and
dopaminergic pathways in the central nervous system (Ryall,
1982; Reches et al, 1982, 1983). Present results do not
point out whether the decrease brought about by NT and SP
are mediated by the cholinergic or dopaminergic system.

The mobilization of free fatty acids in the periphery could

perhaps account for the hypothermia caused by these peptides.

4-APP has been frequently used to study sterol
metabolism in rats (Christie et al, 1979). It lowers the
hepatic secretion of lipoproteins. The reversal of the
inhibitory effects of 4-APP on hepatic secretion of chole=
sterol by NT in earlier (Raju and Vijayan, 1981) and
present studies favour the liver as a possible site of
action for the peptide in modulating cholesterol levels.
Nagai and Frohman (1976) had earlier pointed out the liver
as one of the sites of neurotensin action. The liver plays
a major role in the overall metabolism of cholesterol.

Firstly under normal conditions the liver is involved in
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the biosynthesis of cholesterol. Secondly, the liver is
responsible for the only quantitatively important pathway
of cholesterol catabolism namely the formation of biles
acids. Third, the liver is critically involved in chole-
sterol absorption and participates in an enterohepatic
circulation of cholesterol of considerable magnitude.
Finally, the liver plays a central role in the regulation
of the plasma concentrations of cholesterol and cholesterol

ester via the formation and secretion of plasma lipoproteins.

The present results demonstrate that the dose of
NT which increases circulating cholesterol levels, also
increase hepatic concentration of cholesterol. Substance P
produced an opposite effect, by reducing circulating
cholesterol as well as hepatic cholesterol concentration.
Hepatic triglyceride levels were reduced by SP and increased
by NT. 4-APP a drug that lower hepatic secretion of lipo-
proteins, lowered circulating and hepatic concentrations
of cholesterol. Administration of NT to 4-APP treated rats
reversed these effects. The triglyceride content was also
increased in NT treated rats. There exists a temporal
relationship between circulating and hepatic levels of
cholesterol and triglyceride. Reduction of plasma free
fatty acids by SP and its increase by NT possibly offer
a basis for their effects on cholesterol. It has been estab-

lished that the primary source of lipoprotein-triglyceride
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fatty acids is free fatty acids which are released from
adipose stores transparted to the liver to be esterified
and incorporated as plasma lipoproteins (Havel, 1961).

It has been hypothesized, therefore, that the marked plasma
free fatty acid depression induced by SP would reduce the
availability of free fatty acid for esterification suffi-
ciently to limit the amount of triglyceride formed and thus
decrease the concentration of plasma low density lipo-
proteins. Reduction of cholesterol would thus ensue as a
result of reduced level of plasma low density lipoproteins
since these are the primary form in which cholesterol is
removed from the liver by the blood. However, the reduc-
tion of plasma free fatty acids after ivt administration
does not result in any changes in plasma or hepatic chole-
sterol or triglyceride content. Probably there is some
feedback mechanism which regulates the hypothalamic secre-
tion of the peptide. These results indicate that the liver
is one of the likely sites of action of SP and NT which act
to inhibit and stimulate the hepatic secretion of lipo-

proteins respectively.
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TABLE 2. EFFECT OF SP AND NT ON PLASMA TOTAL LIPID
LEVELS IN OVX EB PRIMED RATS.

Treatment Plasma Lipid (mg/100 ml)
Control (Preinjection) 283.8 + 5.8

SP iv 286.4 + 2.3

SP ivt 202,54 6.4

NT iv 288.4 + 8.1

NT ivt 280.3 4+ 4.5

Plasma total lipid levels in OVX, EB (5 pg/rat sc
for 24 h) primed rats after iv (1 and 5 pg) and ivt
(2.5 pg) 5, 15, 30 and 60 min. after injection of
SP/NT. Values for different time intervals and for
1l and 5 pg iv dose of the peptide have been pooled
and represented as mean + SEM.



TABLE 3. EFFECT OF SP AND NT ON HEPATIC TOTAL LIPID
LEVELS IN OVX EB PRIMED RATS.

Treatment Hepatic total Lipid (mg/g)
Control 43.6 + 5.1
SP iv 41.8 + 3.2
SP ivt 42,5 + 3.1
NT iv 43,1 + 6.1
NT ivt 40.8 + 5.6

Plasma hepatic levels (mg/g) in OVX, EB (5 pg/rat sc
for 24 h) primed rats after iv (1 and 5 pg) and ivt
(2.5 pg) 1 h after administration of peptide. Values
for 1 and 5 pg iv doses of the peptide have been
pooled since there was no significant difference

between them. Results are mean + SEM.



Fig. 1 Effect of iv and ivt administration of SP on
total plasma cholesterol levels in OVX, EB-
primed rats (5 pg EB/rat sc) at different time
intervals. Results in this and subsequent
figures are mean + SEM. The numbers in paren=-
theses indicate the number of animals used per
group. Preinjection values from all groups are

pooled since there was no difference between them.

*P< ,05 vs preinjection
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Fig. 2 Effect of iv and ivt administration of NT on

total plasma cholesterol in OVX, EB=-primed rats

at different time intervals.

*P< .05 vs preinjection
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Fig. 3 Effect of iv and ivt administration of NT on
plasma free cholesterol levels in OVX, EB-
primed rats at different time intervals.

*P< .05

vs preinjection
**¥p<L.01
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Fig. 4 Effect of iv and ivt administration of NT on
plasma esterified cholesterol levels in OVX,

EB-primed rats at different time intervals.

*P< .05 vs preinjection
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Fig. 5 Effect of iv and ivt administration of SP on
plasma free cholesterol levels in OVX, EB-

primed rats at different time intervals.

*P<C.05 vs preinjection
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Fig. 6 Effect of iv and ivt administration of SP on
plasma esterified cholesterol levels in OVX,

EB-primed rats at different time intervals.

*P< .05 !
vs

preinjection
**¥pC 01
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Fig. 7 Effect of iv and ivt administration of SP on
plasma triglyceride levels in OVX, EB-primed
rats at different time intervals after peptide
administration. Preinjection values from all
groups have been pooled and represented as

mean + SEM.

*PK ,05 vs preinjection
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Fig. 8 Effect of iv and ivt administration of NT on
plasma triglyceride levels in OVX, EB-primed

rats at different time intervals after peptide

administration.

*P< .05 vs preinjection
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Fig. 9 Effect of iv and ivt administration of SP on

plasma free fatty acid levels in OVX, EB-primed

rats at different time intervals.

**P< .01 vs preinjection
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Fig. 10 Effect of iv and ivt administration of NT on

plasma free fatty acid levels in OVX, EB-primed

rats at different time intervals.

**¥P< ,01 vs preinjection
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Fig. 11 Effect of iv and ivt administration of SP and
NT on hepatic total and free cholesterol levels
in OVX, EB-primed rats, 1 h after administration

of peptide. Controls received saline alone.

*P< ,05 }
VS
**¥pl .01 |

control
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Fig. 12 Effect of iv and ivt administration of SP and
NT on hepatic triglyceride levels in OVX, EB-
primed rats, 1 h after administration of

peptide.

*PLL,05 vs control
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Fig. 13 Plasma cholesterol levels in OVX, EB=-primed
rats after 4-APP(10 mg/Kg bwt for 3 days, ip)
or SP/NT (5 pg iv for 1 h) alone and 4-APP or

SP followed by NT for 1 h. Controls received

saline alone.

*P< .05 %

vs control
**pC 01 |}

a PK.05 vs NT
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Fig. 14

Hepatic cholesterol levels in OVX, EB-primed
rats after 4-APP(10 mg/Kg bwt for 3 days ip)
or SP/NT (5 pg-iv for 1 h) alone and 4-APP or
SP followed by NT. Controls received saline
alone. Animals were sacrificed 1 h after NT

administration.

*P< .05 B
**P<¢,01  §

vs control

a P<L.05 vs NT
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GENERAL DISCUSSION AND CONCLUSION

Just about a decade has elapsed since the isolation
and characterization of SP and NT. 1In this period an
impressive amount of information has accumulated concerning
the distribution, localization and biological functions of
these 'messenger' peptides. The present studies have
served to amplify knowledge about the broad spectrum of
biological effects of these peptides. It is apparent that
these peptides exert diverse central as well as peripheral
effects depending on the dose, the method of administra-

tion and the hormonal state of the animal.

Substance P and NT participate in a number of endo-
crine as well as non-endocrine functions in the body. One
of the most striking features is the ability of these pep-
tides to alter the release of hormones from the anterior
pituitary. Results from the present study unequivocally
support a stimulatory role for SP at the hypothalamic
level on LH release. Microgram doses of SP injected
through the ivt cannula elevated plasma LH levels whereas
equivalent doses administered by iv pulse injection lowered
LH titers. - Substance P failed to alter LH or FSH release
in in vitro incubation studies. Intraventricular as well

as iv injections of SP elevated prolactin levels. Prolactin
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was also elevated on incubation of hemipituitaries with
SP. Systemic administration of NT on the other hand had
no effect on plasma LH but increased plasma Prl. Intra-
ventricular injection of NT reduced both LH and Prl.
Incubation of hemipituitaries in vitro with SP or NT
released Prl into the medium. Substance P probably acts
via increased release of LHRH since systemic injection of
SP suppressed rather than elevated LH. Elevation of Prl
following intraventricular injection of SP may be due to
a direct stimulatory effect on the pituitary after its
uptake by portal vessels and delivery to the gland singe
it was active in vitro. Neurotensin, probably acted via
decreased release of LHRH after intraventricular admini-
stration. It must be remembered however, that SP and NT
form part of a family of peptides besides the hypothalamic
releasing hormones that.participate in the release of
hormones from the anterior pituitary (McCann et al, 1980,
1981; Vijayan, 1985a). Thus, opiod peptides, vasoactive
intestinal peptide, bombesin, secretin, cholecystokinin,
gastrin are all known to alter the release of anterior
pituitary hormones. A host of these peptides may act
individually or in conjunction with one another to alter
the levels of monoamines or hypothalmic releasing factors
which in turn may influence pituitary hormone release.

In this connection it is pertinent to note that SP and NT

interact with cholinergic and dopaminergic systems in the
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brain (Reches et al, 1982, 1983; Ryall, 1982; Quirion,
1983). Acetylcholine which stimulates LH release is
implicated in the Physiological regulation of LH secretion
(Vijayan and McCann, 1980b). 1In mammals dopamine is the
major Prl inhibitory factor released from the terminals

of tuberoinfundibular dopaminergic neurons in the median
eminence (Ojede et al, 1974; Macleod and Lehmeyer, 1974;
Macleod, 1976). Alterations in the release of anterior
pituitary hormones by SP and NT could be through choliner-
gic and dopaminergic interactions. Furthermore, in terms
of potency SP and NT are active only in microgram doses

in modifying anterior pituitary hormone release. On the
other hand, nanogram doses of vasoactive intestinal peptide
and cholecystokinin applied intraventricularly are capable
of elevating and reducing plasma LH, respectively (McCann
et al, 1980; Vijayan, 1985a). The release of hormones
from the anterior pituitary is thus a complex process.
Substance P and NT play a small, albeit, significant role

in modifying the release of anterior pituitary hormones.

Substance P and NT are present in high concentra-
tions in the hypothalamus (Brownstein et al, 1976; Kanazawa
and Jessell, 1976; Uhl and Snyder, 1977, 1979). Going by
the dictum that peptides are found in high concentrations
in those regions that subserve the functions affected by

administration of the peptide, the hypothalamus is one of
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the recognized sites of action of these peptides. Intra-
ventricular injections of SP elevates cAMP while reducing
CGMP levels. In contrast, intraventricular injections of
NT decrease cAMP and increase cGMP levels. Intravenous
administration of SP decrease cAMP levels whereas intra-
venous NT is without effect. A survey of the literature
indicates a study by Duffy and Powell (1975) where an
increase in cAMP levels on incubation of brain slices with
SP in vitro has been demonstrated. Neuropeptides are
supposed to elicit responses in target cells either by
activation or inhibition of adenylate cyclase (Greengard,
1978) or by stimulation of the breakdown of phosphatidyl
inositol containing phospholipids in the membrané of the
target cells (Michell et al, 1981; Farese, 1983). Present
results demonstrate that at least in the hypothalamus
where the presence of SP and NT receptors have been demon-
strated (Brownstein et al, 1976; Uhl, 1982), the peptides
cause fluctuations in the cAMP and cGMP levels. It has
been shown previously that vasoactive intestinal peptide
(Quik et al, 1978), melatonin (Vacas et al, 1981), dopamine
(Gunaga and Menon, 1973), histamine-H, receptors, alter

levels of adenyl cyclase to elicit their response.

The recent finding of SP and NT like immunoreactive

material in tissues outside the brain-gut axis (Bucsics
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et al, 1983; Polak and Bloom, 1982) allows the inclusion
of these potently acting peptides in the newly recognized
group of peripheral regulatory peptides (Polak and Bloom,
1980) known to exert key roles in a number of bodily
functions. The fact that they are present in the hypo-
thalamus and pituitary, physiological regulating centres
and exert an effect on hormone release, suggests that

they may play a physiological role. A single injection

of NT given intraperitoneally evoked an increase in the
estradiol induced uterine DNA synthesis. Histamine, dopa-
mine and Prl altered this response. While the modulatory
roles of dopamine and Prl in reproductive (Keenan et al,
1981) and non-reproductive tissue (Jacobi and Lloyd, 1981;
Burdman et al, 1983) is documented, the modulatory role of
histamine is difficult to interpret. The effect of estra-
diol on histamine release is classified as one of the
early actions of estradiol whereas maximal DNA synthesis
occurs 24hrsafter the administration of estradiol. NT

is a potent hypotensive agent. Whether its action on
estradiol induced DNA synthesis is secondary to alteration
in uterine blood flow remains to be established. On the
other hand, administration of 2 pg SP or NT once daily
for a period of 3 days evoked a marked antiestrogenic
effect and reduced PMSG induced uterine growth. Such an

effect has been demonstrated for arginine vasotocin
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(Vaughan et al, 1976). In this connection, it is pertinent
that SP is also present in remarkably high concentrations
in the pineal (Marks, 1977). It could be one of the active

pineal antigonadotrophs in conjunction with other peptides.

Studies on the pregnant rat indicate that these
peptides given postcoitally exert a direct effect on the
uterus and its environment for the growing conceptus.
Luteinising hormone releasing hormone is known to exert
such direct antifertility effects on the uterus (Humphrey
et al, 1977; Bex and Corbin, 198l; Corbin et al, 1979;
Babu and Vijayan, 1983b). Whether the antiimplantation
effect of these peptides is due to cross reaction with
LHRH like peptides is not known. Neurotensin resembles
LHRH and also TRH in having its NH, terminus a pyroglutamyl
moiety. Administration of SP and NT after implantation
of the zygote produced no deleterious effects on pregnancy

and gestation.

Cholesterol is the obligate precursor of steroid
hormone synthesis and is also an essential component of
membranes . Any alteration in cholesterol levels is likely
to affect steroid hormone synthesis. Substance P and NT
cause hypo- and hypercholesterolemia, respectively, when

administered by iv pulse injection as reported previously
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(Per_ic-Golia et al; 1979, Raju and Vijayan, 1981). A
minimum dose of 5 pg was required for this response. The
cholesterolemia was not centrally mediated but rather a
peripheral response to these peptides. Not only a hypo-
cholesterolemia but also a hypotriglyceridemia was evident
with iv SP with a reverse effect with NT. Intraventricular
administration of SP or NT failed to modify circulating

or hepatic cholesterol or triglyceride levels. However,
ivt administration of either peptide was effective in
reducing plasma levels of free fatty acids. 4-APP a drug
that lowers hepatic secretion of lipoproteins, reduced
circulating as well as hepatic cholesterol concentrations.
Administration of NT to 4-APP treated rats, reversed these
effects. Neurotensin was also able to overcome the decrease

in cholesterol induced by SP.

It must be borne in mind that the nature of the SP
and NT receptor is not fully known. There probably exists
a number of sub-receptors for thesé peptides (Watson et al,
1983; Harmar, 1984; Quirion, 1985). It may respond to
SP/NT, a fragment of SP/NT or it could be that SP and NT
release something which in turn causes the biological
effect. In this regard, SP belongs to a family of related

peptides, the tachykinins which share several properties.

Neurotensin on the other hand, resembles TRH and LHRH as
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mentioned previously. Hence, when administered conco-
mitantly with SP, NT is able to prevent the rise in CAMP
caused by SP. It also circumvents the hypocholesterolemic
effect of SP. It is likely that a peptide exerts a
spectrum of effects and that the spectrum of any given
peptide overlaps to some extent with that of certain

others, although the potency may vary.

Caution must be followed in interpreting these
results. These are the effects of exogenously administered
peptide. The next issue is whether endogenous peptide
participates in any of these actions. Although the presence
of SP and NT in the circulation has been demonstrated it
is unclear whether the peptide operates in a paracrine
fashion. The very short half life in the blood suggest
that its effect might be confined to areas near the site
of release. The source(s) and target(s) for circulating

SP/NT have yet to be precisely defined.
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