STUDY OF BIOGENIC AMINES ON
THERMOREGULATORY MECHANISM AND
VASCULAR RESPONSES IN FOWL

BY

Kameshwar Prasad Yadawa
B. V. Sc. & A. H. (Hons.)

Thesis
Submitted to the
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur
in partial fulfilment of the requirements for the degree of

MASTER OF VETERINARY SCIENCE
IN

PHARMACOLOGY

1970

COLLEGE OF VETERINARY SCIENCE AND ANIMAL HUSBANDRY

JABALPUR (M.P.)



EAROC s i S R R SRS R R VRV GEVE IRV MRS

In the memory of my

*
*
3%
*
late mother. *
%
*

%k Kk kK ok X

FHT R RN KK R e R MR 2



Prof.A.Ahmad, Department of Pharmacology, |

B.V.S5¢.& A.H.,M.S.,Ph.D. College of Veterinary Science & A.H%
Jabalpur (M.P.)

CERTIFICATE

Certified that the thesls entitled " STUDY OF BIOGENIC
AMINES ON THERMOREGULATORY MECHANISM AND VASCULAR RESPONSES
IN FOWL" incorporates the results of the work carried out by
Dr.X.P.Yadava, B.V.Sc. & A.H. (Hons.) under my supervision

and guldance during the academic year 1969-70.

/

(Allanddin Ahmad)
Dated, 24k 0ct. 1970. University Professor & Head.



(1i1)
ACKNOWLEDGEMENT S

I express my sincere and profound gratitude to
Dr.Allauddin Ahmpad, B.V.Sc¢. & A.H., M.S., Ph.D.,
University Professor and Head, Department of Pharmacology,
College of Veterilnary Science & Animal Husbandry, ‘
Jabalpur, for his guidance, constant supervision and

encouragement during the course of this study.

I am also grateful to Dr.R.IL..Kaushal, L.V.P.,P.G.,
M.S.,Dean, Faculty of Veterinary Science & Animal
Husbandry, J.N.X.V.V., Jabalpur and Dr. M.R. Patel,
M.R.C.V.S5., Ph.D., Associate Dean, College of Veterinary
Science & Animal Husbandry, Jabalpur for providing

facilitles to undertake this study.

I am obliged to Dr.R.XK.Shrivastava,B.V.Sc.& A.H.,
M.V.8.,Ph.D., and Dr.M.L.Mehta, L.V.P.,¥.S. for their

useful advice.

The author is grateful to Indian Council of
Agricultural Research for the award of Research

fellowship during the tenure of this investigation.

Thanks are due to Dr.M.V.Rao, Department of
Genetlcs and Animal Breeding for his help in calculating
data, Dr.P.N.Shrivastava, Dr.D.N.Shrivastava and other
staff members of Pharmacology section for their help and

cooperation.



e

(iv)

I am grateful to Sandoz Ltd. and Roche Products

Ltd. of Switzerland for thelr generous supply of
5-hydroxytryptophan, 5-hydroxytryptamine and dopamine.

I acknowledge my appreciation to Shri Rahim Khan,

B.A.LT..B. for typing the manuscript.

(KAMESHWAR PRASAD YADAVA)



CHAPTER

ITT

Iv

VI

VII

TABIE OF CONTENTS

INTRODUCTION

REVIEW OF LITERATURE

A. Begulation of body temperature

B. Biogenic amines

C. Control of Blood Pressure

D. Temperature and circulatory
responses of biogenic amines
on systemic administration.

E. Temperature & Circulatory
responses induced by agents
through interaction with
blogenic amines.

MATERIALS AND METHODS

&A. Effect of 5-HIP and dopamine
on rectal temperature of WLH
birds.

B. Effect of 5-HTP and dopamine
on blood pressure of anaesthe-
tised WLH birds.

RESUITS

4. Effect of 5-HIP & dopamine on
rectal temperature of WIH
birds.

B. Effect of 5-HTP and dopamine

on blood pressure of
anaesthetised birds.

DISCUSSION
SUMIIARY AND CONCLUSIONS

REFERENCES

(v)

PAGE NO.

il

22
43

46
49
59
59

60

62
62

85

87

103

107

3



CHAPTER I

INTRODUCTION



INTRODUCTION

(The evidences that hypothalamus is the seat of
the thermostatic control of body temperature in birds
as in mammals have been reported by several workers
(Rogers & Lackey, 1923; Rogers, 1923 & 1928; Randall,
1943).) According to Feldberg (1968) the statement
that body temperature is under the influence of hypo-
thalamus poses two problems.(1l) What is the mechanism
by which the hypothalamus maintains a constant body
temperature in homeotherms? (2) What goes on in this
part of the brain to bring about changes in body tem-
perature? Our present work is concerned with second
problem, but its solution will clearly influence our

ideas gbout the first.

| Feldberg & Myers (1963, 1964a) based on experi-
ments in cats proposed the concept that the thermo-
regulation is mediated through the release of three
biogenic amines i.e. 5-hydroxytryptamine (5-HT), nore-
pinephrine (NE) and epinephrine (EN). Tentatively this
idea was also suggested earlier by Brodle & Shore
(1957) and von Euler (1961), based on relatively meagre
evidence available at that time. A4pplication of this
new theory of thermoregulation in birds will iwply
that these three biogenic amines like mammalian speciss

must be present in the avian hypothalamus as well, and



they are present in higher concentrations in this

part of dlencephalon as reported by Pscheldt & Haber
(1965), Jurio & Vogt (1967) and Aprison & Takahashi
(1967). Besides these three biogenic amines and their
corresponding acid metabolites (homovanillic acid and
5-hydroxyindolacetic acid)y some of the important
enzymes such as 'L-amino-acld decarboxydase' and ‘mono-
amine oxidase' (MAO), implicated in their synthesis and
inactivation have been also reported to occur in the
avian thalamus and hypothalamus and thelr presence
is,perhaps, a stronger evidence for the physiological
function of these amines than the mere presence of

active amines themselves.

Use of fluorescent histochemical technique has
recently revealed the exlistence of monoaminergic
(serotonergic and catecholaminergic) pathway in mamna-
lian as well as in avian brain (Carlsson et al, 1962;
Dahlstrom & Fuxe, 1964; Anden et gl, 1965 and Jurio &
Vogt, 1967) and these three blogenic amines (5-HT and
NE & EN) appear to be the central synaptic transmitter
of monoaminergic neurones. Based on such studies these
three amines have been seen to be located mainly not
in the nerve cells but in the nerve fibres and nerve
endings. This recalls the location of acetylcholine

in the_sympathetic ganglia. Here, too, acetylcholine



is mainly not located in the ganglion cells but in

the preganglionic cholinergic nerve fibres and endings.
In the same way as the high acetylcholine content in
the sympathetic ganglia results from the cholinergic
neurones whleh make synaptic connections with gang-
lion cells, soffhe high content of three bilogenic
amines in the évian thalamus and hypothalamus appears
to result from monoaminergic fibres which end and
synapse in the thalamus and hypathalamusl And in the
same way as the sympathetle ganglion cells innervated

* by cholinergic neurones responds to acetylcholine, that
is, they are'cholinoceptive, so should the cells in
the hypothalamus iInnervated by monoaminergic neurones
be monoaminoceptive, that is, they should respond to

monamines. 4And actually they do.

Marked species variation in respect to the cen-
tral actlons of these three biogenic amines have been
reported by several workers. ZFeldberg and his collez-
gues (1963 & 1967) have reported that in cats, dogs
and monkeys 5-HT raises and catecholamines lower the
body témperature, which, when viewed in more general
light, the humoral control concept iIn thermoregulation
may be considered as an extension of the trophotropic-
ergotropic-amine behavioral control hypothesis advanced

by Brodle et al. (1959). But results obtained in other



' species contradiet this. In rabbits and sheep catecho-
lamines have been noted to cause rise and 5-HT to lower
body temperature (Cooper et al, 1965 & Bligh, 1966),
whereas in goats and oxen on the other hand, 5-HT has
marked hypothermic action and catecholamines ineffec-
tive (Anderson et al, 1966 and Findlay & Robertshaw,
1967). In rats and mice both 5-HT and catecholamines
appear to play heat loss hypothalamic neurctransmitter

role.

According to 4llen & Marley (1966-67), catecho-
lamines raise, though inconsistently and 5-ET produces
brisk fall or is ineffective on rectal temperature of
chickens. (The implicztion of these species differences
is that monoaminergic neurones activated for a given
temperature regulating function in the hypothalamus
apparently use different monoamines and that it is not

possible to apply results obtained in one species to

another.)

Because Allen & Marley (1966-67) have given these
amines by systemic route, it is not possible to draw
any conclusion on account of the blood brain barrier
(BBB) with respect to these amines and the effect of

ambient temperatures.

Therefore, in the present investigation 5-HTP



(precursor of 5-HT) and dopamine (immediate precursor
of NE & EN) in heavy doses have been employed to study
their effects on rectal temperature of young W.L.H.
bird® at different arbient temperatures. Since, vascu-
lar responses and gross behavioural changes are related
to the changes in body temperature, effects of these
compounds on vascular responses and gross behavioural
changes have been also studied. Besults_of present
investigations may disclose the specles variation with
respect to the transmitter role of these amines in
thermoregulation and also may have some ilmportant bear-

ing on poultry production and management.
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REVIEW OF LITERATURE

A, REGULATION OF BODY TEMPERATURE IN BIRDS

Birds like mammals are homeotherms, that is,
they can maintain a near constant body temperature
irrespective of the environmental temperatures. The
maintenance of temperature within prescribed range
under varying conditions of thermal loads is accomp-
lished by a special nervous mechanism which regulates
a number of physiological functions. The complex regu-
lation of physiological processes which balances ther-
mogenesis and thermolysis in the body and, therefore,
ensures malntenance of a constant body temperature may
be termed "thermo-regulation". This doesﬁﬂécessarlly
mean malntenance of constant heat, that is, no heat
storage. In fact, as a homeotherm grows from concep-
tion to maturity, there is large increase in heat con-
tent due to inerease in mass. The body heat-content

may be expressed as follows ;

Q = M3T, where, Q is the heat content, ¥ is the
mass, and T i1s the average body temperature which equals
0.33 mean skin temperature plus 0.67 core temperature
monitored by rectal temperature (TA = .33 Ts—_ .67 Tr).
It is seen that a constant value of T does not ensure

a constant value of Q.
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By about seventh day after hatch, chicks have
been found to develop some measures of temperature
control, but the control system ls not fully developed,
until the down feathers are replaced by Juvenile
plumage at about 3 weeks of age (Moreng & Shaffner,
1951). Deep body temperature of birds is generally
higher than that of mammals, with a range of 41.2%C to
42.2°C as compared to 36.4°C to 39.4°C for common
domesticated mammals (Whittow, 1965). King & Farner
(1965) have emphasized that only the deep body, "the
core" - ig held within narrow temperature limits, while
"the shell® may vary from the ambient temperature to
that of the core. MNost thermogenesis occurs in the

core while most thermolysis occurs from the shell.

Heat may be lost from the body in two general
ways, directly through radlation, conduction and con-
vection or indirectly, as the result of evaporation of

moisture (physical control).

1. Direct Control

Birds, as nonsweating animals, normally lose heat
from the shell by direct transfer to the environment,
and evaporative losses from the shell are not extensive.
Rates of heat loss by direct transfer are related to

the temperature gradient between body surface, ambilent



air and objects in the environment (Whittow, 1965),
which is in agreement with Newton's law of cooling.
(The law may be expressed as, H(Keal/hrs) = @ rg=Ta))
where, C is a constant referring to the exposed ares
and surface geometry, Ts is the mean skin temperature,
Ta is the ambient temperature and H is esither heat

sink or heat source). Thus, mechanisms which control
skin temperatures and the Ilnsulating, properties of

the surface léyer are important. Skin tewperatures

in areas covered by feathers remain close te that of
the core in a wide rangef%nvironmental temperatures
(Irving & Krog, 1955; Steen & Enger, 1957) but tem-
peratures of nonfeathered extremities are more variable
(Wilson et al, 1952; Enderstrom & Brumleve, 1964). Heat
loss in defeathered birds has been found to be two to
three times more than that of intact birds and the
metabolic rate in these individuals are higher (Whittow,
1965). Thus,the involuntary "erector plumorum" muscles
which produce movement of individual feathers as well
as the voluntary cutaneous muscles for generalised

skin movement, are important in heat exchange.

Vascular convection, in which the blood acts as
the transporting vehicle, due to its high-heat conduc-
tance, accounts for a great deal of the transfer of

heat from the tissues to the body surface at the ambient



temperature below the upper critical limit. Arterio-
venous anastomoses in the skin are sensitive to the
sympathetic constricter nerve stimulation and their
main function is to vary blood flow through the skin
(Whittow, 1965). 4s reported by Guyton (1966) zero

to thirty per cent of blood from total cardiac output
may flow depending upon the sympathetic nerve activity.
Dilation of the surface vessels allows greater flow
and thus more heat 1s dissipated, while in cold envi-
ronment, blood flow is restricted and body heat is
conserved. With a feather control operating concurrent-
ly with the cutaneous blood flow, the bird utilises its

physiological mechanisms most efficiently.

Vagomotor contrel of the surface blood supply is
most important for regulating heat transfer to envi-
ronment in those areas deficlent in feathers (Irving &
Krog, 1955). Blood vessels in the shanks of Pheasants,
wading birds and geese act as counter-current heat
exchanger or retia thereby influencing heat loss Ender-
strom & Brumleve, 1964; Irving & Krog, 1955). Higher
environmental temperature increases and lower environ-
mental temperature decreases the peripheral thermal
conductance of the body. In neutral zone in which
neither Increased metabolic rate or increased evapora-

tive heat-loss is required, minor adjustment in tissue






