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Preface

Q@urse of evolution, animals developed a largg
%&g.g. rgspiratory, circulatory, excretory,
and  endocrine systems etc.) and metabolic
iediary., oxidative, anabolic and catabolic
- 8uccessful survival and propagation/continuity.
égﬁggqhthe neuroendocrine system were developed for

teg%nctioning of various other systems and also for
gely Very A : v

8%%@66rine system plays a major role in adaptation

t their environment. Hormonal regulation of

Since the energy requirement of different
es or decreases with changes in environment and
the temporal role of various hormones involved in

ction is also altered in a way best suited to the
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There fs a large body of information regarding the role of
varjous hormones in the regulatijon of the oxidatijve metabolism in
mammals, birds and reptiles. Now it is well established that while
thyroid hormones are mainly responsible for the energy metabolism in
homeotherms, the calorigenic role of these hormones js doubtful in
poikilothermic vertebrates. In reptiles, hormones of gonads and
adrené] are reportedly very ijmportant for the regulation of the
oxidative metabolism. Preliminary studijes indicate that adrenal and
gonadal hormones might also be jnvolved in the oxidative metaboljsm of
ambhibians. Since amphibians significantly differ from terrestrial
vertebrates (mammals, birds and reptijles) in habijts and habitats, a
different endocrine mechanism is expected to be involved in the
regulatijon of the energy metabolism. However, there is scarcity of
information on the role of hormones in the oxidative metabolism of
amphibjans in general and of tropica1/sub—tropica1 amphibians in
parficu]ar. Therefore, it was thought worthwhile to undertake a
comprehensijve study of the role of a number of metabolic hormones in
the regulation of the amphibian oxidative metabolism at djfferent
ambient temperatures under natural climatic condijtjons at Shillong.
The experiments were conducted on adult -males of two species, namely

Indian streaked frog, Rana limnocharis (hibernating species) and

Indijan skipper frog, Rana cyanophlyctis (non—-hibernating species).
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The experimental studies incorporated in the thesis are

into 7 chapters. The details of the chapters are given below:-
1 : Materials and Methods

In this chapter details of materials and methods used in the

present study are described.

2 i+ Annhual Variations in the Oxidative Metabolism in

Rana Jlimnocharis and Rana cyanophlyctis.

This chapter deals with annual variations in the rate of
oxygen consumption of different tissues (liver, skeletal

muscle and kidney).

3 : Role of Thyroid Hormones in the Regulation of the

Oxidative Metabolism in Rana 1limnocharis and Rana

cyanophlyctis.

This chapter deals with experiments regardihg effects of

exogenous L-T , L-T and PTU on the rate of oxygen
3 4

consumption of different Lissues during summer/rainy and

winter months.

4_: Role of Testicular Hormones in the Regulation of the

oxidative metabolism in Rana limnocharis and Rana

cyanophlyctis.

This chapter incorporates experimental studies regarding



one and cyproterone acetate on tissues’
o AR L
mer/rainy and winter months.

41

{n-the Regulation of the

1al Hormones
heﬁ?"‘ﬁ’;"“ RE O : _
tabolism in Rana limnocharis and Rana

action of epinephrine, norepinephrine,
cortisol and metapyrone in tissues
iny and winter months. Experiments involving

gic agonists and antagonists are also

the Oxidative Metabolism 4n

/anophlyctis.

respiration dur-ing

Conclusions

~contains general summary and conclusions which

experimental findings discussed 4in earlier



(y)

é that the exper%mental\findings of the
) 6omp1ete picture of hormonal regulation
' thg two amphibian species. These
thé‘gap of information and throw light
nafAcpntPo]v mechanism involved 1in the
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INTRODUCT ION

All living organisms require a constant supply of energy to sustain
life. In animals, production of energy is achijeved by the oxijidation of
food. Oxygen is a‘prerequisite for the oxjdation of food. The oxida-
tive metabolism involves a chain of bjochemical reactijons responsible
for produétion and storage of energy, mainly as ATP which is used  for
providing energy to maintain various processes like active transport,
oxijdatjon of fat and carbohydrate, protein synthesis, muscle contrac-
tion, sodijum pump, formation of high energy phosphate bonds, calcium

pump etc. The energy released as heat is used for thermoregulation.

The history of oxidative metabolism goes back to the days of
levoisier (1780). The rate of oxygen consumption is not merely an
index of activity of energy production, but also a standard of overall
measure of metabolic processes (Bisﬁop, 1952). Metabolic rate of
vertebrates is influenced by a number of factors botﬁ internal
(hormones, age, sex, feeding status etc.) and external (temperaturé.
photoperiod, seasons/months,availabjlity of food, nature of food
etc.). Among interna1 factors, hormones secreted from Adrenal,
Thyroid, Gonads and Pineal are actively involved in the regulation of
the oxidative metabolism. Notwithstanding a large body of information
on hormonal regulation of oxidative metabolism in homeotherms,
information on poikilotherms is sparse and scanty. It s well
established that thyroid hormones (thyroxine and trijodothyronine)
play a major role in the regulation of energy yielding metabolic
processes in homeotherms. However, the calorigenic effects of thyroid
hormones in poikilotherms are doubtful. In reptiles, gonadal hormones

are reported to play a critical role in the regulation of oxygen



consumption at low temperature, where thyroid hormones are calorigeni-
cally 1ineffective. Therefore, it seems that during the course of
evolution, homeotherms and poikilotherms have developed different sets
of endocrinological/hormonal mechanism(s) for the regulation of energy
metabolism to meet their energy demands. A brief review of literature
on hormonal regulation of the oxidative metabolism in different groups

of vertebrates is given below.

Hormonal Regulation Of The Oxidative Metabolism In Homeotherms

Homeotherms maintain their body temperature constant (within
a narrow range) irrespective of wide variations in enyironmental
temperature. In order to maintain a constant body temperature, a high
metabolic rate is maintained by mammals and birds. Unlike 4in homeo-
therms, body temperature in poikilotherms conforms to that of the
environment. 1In general, the metabolic rate of homeotherms is found to

be higher than poikilotherms kept at the same . temperature,

Hormonal Regulation of Oxidative metabolism in Mammals:

Magnus Levy (1895) was first to report that thyroid
hyperactivity increased and hypoactivity decreased the rate of oxygen
consumption in man. Extensive studies on several mammalian species

have clearly established that thyroid hormones (T and T ) increase
3 4



qpﬁiﬁn of dijaphragm of rats and
“*ﬁ@én consumption of the kidney
e medium (Barker, 1957). Now

enesis in mammals is well

‘Barrington, 1964; DeGroot and

imer, 1979). Catabolic doses of
increase in the basal metabolic rate
‘ata et al., 1963). Thyroid hormones,
or in vitro, stimulated mitochondrial pro

' paralleled the increase in oxygen consumption
1968) . Thyroid hormones increase the rate of

of a number of vital tissues. Most of the in vivo

'9) . However, T increased oxygen consumption
4

n (Oppenheimer, 1979; Rajan and Katyare, 1982).
f thyroid hormones on oxidative metabolism are also
's. A large dose of thyroxine generally produces

with increased oxygen uptake while a small dose in

.

£
K3

1&50 animal produces anabolic action (Tata,1964).

al.

- Environmental factors also influence calorigenic role
Foid

8 in mammals. Increased oxygen consumption accompa-

~0id hyperplasia has been observed in rats exposed to



roidic animals, in contrast, showed decreased
ﬂpy tempefature. It seems that the presence
‘ sed metabolic raté are essential for the
3 at low temperatures (Turner and
;@@%ectly regulate the acﬁivity of the
t 1@@hydrogen§se (a-GPDH) in liver
. 80) . a-GPDH plays an imporﬁant
;ﬁ;&;rafé,(Lee and Lardy. 1965).
by thyroid hormones (Oppenheimer,
“gtﬁmuiatory effect of thyroid

was blocked by'inhibitors of protein

~Dillmann,et al, 1977). Hepatic mitochon-

ada Satoéhi and Yasunao-Yoshimasa. 1983) and

a@@ﬁéa@tion at cellular level. On the basis of

aﬁv’has been concluded that in mammals T is the
: has | 3

.LYAV 2 1
Eor 1971) The nucleus has been proposed to be the

}'reun; 3
hormone act1on (Tata etal., 1963: Tata. 1964, 1967:

ton of



o Thyr01d hormone receptors have been identified in
ochondrla cytoplasm and plasma membrane of target
.et al , 1975, Oppenheimer. 1979; Sterling, 1979;
ver Ismail-Beigi and Edelman (1970, 1971) have
01d hormones primarily st1mulate Na+— K+—ATPase
) leading to increased availability of ADP (P/O

?ancreases mitochondrial oxygen consumptlon The
@t of thyroid hormones on protein synthesis can be

itors (Actinomycin-D and Chloramphenicol) of
- et al..1983a). Further, mitochondrial
Eg? to the direct action of thyroid hormones
6§hpndrial genomes (Nelson et’'al., 1987). These
%B that thyroid hormones influence the process

jisco g et al., 1981, 1982).

estigations suggest that T is also deoidi-
"4 ‘ : 4
SR e ;
odothyronine which is also called as r-T
: ' -3
of r-T is reported in man, rats. sheep.

.. 1980; Vybiral et al.. 1985;

e+
ID
- W

the exact role‘of rT in mammals is

: 3
- 1987). In rats, rT seems to be
n of BMR. When rT is administered to rats,

: 3
brigenic action of adrenaline (Vybiral, et al..

suﬁéen reported to inhibit the metabolic action

rT is also reported to be

;n Qf T‘ format?on. Increased formation of rT
:‘f;?h dge tosdelodlnat1on of T (Boye, 1986; i
‘ ﬁergn and thwack 11987). gasting is reported



production and decrease T receptors

3
‘herefore, it seems that low BMR in

(Schusslér and

fasting mammals
ecreased T receptors and T productién and also due
3 3

iction of rT These evidences suggest that increased

3
mlght be responsible for decreased metabolic rate in
ted in Birds (Vybiral et al., 1985; Lynch, et

ttah et al., 1990).

- However. administration of testosterone has been

%Qgcholamines (Nor-epinephrine and epinephrine) are also
9@ calorigenic hormones in mammals. Large doses of
§§% Norepinephrine reduce oxygen consumption transiently
?Pse.the metabolic rate significantly in mammalian

'Dgrg et al., 1962; Muller and Krake, 1563: Ellis, 1965).
égfincrease the metabolic rate might be one of the most
unctions of these hormones (Brodie et a 1966)?

' found to be more potent than norepinephrine in stimulat

of oxygen consumption in mammals (Hsieh and Carlson,

and Bern, 1962; Hagen and Hagen., 1964; Frieden and



reover. increased secretion of adrenaline from nerve

Adrenal medulla is seen when mammals are exposed to

o

¢ cold stress (Himms Hagen. 1975: Joels., 1975).
stion is supposed to be the last defensive mechanism

and other stresses (Cannon, 1928: Robinson et al.., 1972).

bcorﬁicoids are reported to increase blood glucose and
3is and deposition of glycogen in liver (Gorbman et al..
orticoids affect glucose metabolism through gluconeogene
fark, 1972). Hydrocortisone is reported to aét as a

tor in governing selective permeability of mitochondrial
| thereby in tissue metabolism. This hormone inhibits
stabolism without having any effects on the oxidative_

lon in rat (Gallahger, 1960). The oxidative phosphoryl;—

ic mitochondria of rat was inhibited by corticosterone
:960). However, a single injection of hydrocortisbne
n marked increase in oxygen uptake by rat liver homogenate
| McDonald, 1962). Further, corticosterone treatment has
%ﬁéported to increase metabolic rate of rat liver ahd ATP
:(Bottoms and Goetsch, 1968). These reports seem to suggest
steroids might also be involved in the regulation of the

ietabolism of mammals.

t has been suggested that photoperiod acting via pineal
pable of influencing energy metabolism and thermoregulation

' .(He1dmaier et al., 1989). Short photoperiod and administra-



sed the behavioral thermoreaculation as well as
ngnesis and also improved the thermodgenic
d birds (Ralph et al.. 1979a: leldmaier et al..

.

7985: Holtorf et al.. 1985: Heldmaier and Lvnch.

— ——

"1956: Saarela and Heldmaier. 1987;, Puchalski .

et al., 1989). There are few indications vfhat

‘e metabolic rate of mammals also by affecting

sky et al.. 1987)

 in’mammaIs. thyroid hormones are actively
of thé oxidative metabolism of birds also.
zﬁcreased'and thyroxine increased oxygen
skeletal muscle of chickens and pigeons
“*ﬁeciine in the whole body oxvaen
has been observed in goose (Lee and
)) . pigeon (MarQin and Smith. 1943).
al.. i 77.1983a) . Myha  and redhéaded_

'1983b) . Thyroxine and triiodothyronine and

jhéveh,been shown to stimulate the rate of
~ (Thapliyal, 1980a;Thapliyal.et al. 1981).
"and administration of low doses of T
etabolism in isolated liver tissue and skeleta?

'ff whereas high doses were found to be

"ﬂuHTé'fThépliyal et al..

in

hopra,



~induces a significant jncrease in the actijvities of

wwﬂyiic enzymes in Japanese quail,Coturnix _coturnix at
temperatures (Konecka and Majewska, 1980). There is very

mation on the formation of T in birds and its
: 3
role remains to be investigated. Recent reports indicate

in mammals, rT also acts as a hypometabolic hormone and
3

bolic rate in birds. Abdel-Fattah, et al., (1990) have

‘that T administration depresses whole body oxygen

: 3
- of chickens. When rT 4is injected in combination with T ;
_ - 3 ‘ 3
- the stimulatory effects of T on oxygen consumption
3 _

ah et al., 1990).

i Hypometabolic action of rT 3in both birds (Abdel-
thes e 3
and mammals (Lynch et al., 1985) strongly suggest that

ively involved in the regulation of the metabolic rate in

1C  vertebrates. There are two possibilities for the hypo-

‘fha@ﬂd@na,of rT ¢ A)e T might be occupying the rT
i Ly 3 3 3
» and.thereby, it might be inhibiting the metabolic action of

, 1977), and (i1) rT might be decreasing the formation of
ncing the process 02 deiodinétion of T (Boye, 1986;

@; Nprmén and Litwack, 1987). Invo]vem:nt of rT 4in energy
 §ygvident from the reports that rT formation ig increased
18  exposed to higher temperature(s)B(SS dgree C) and also

ing (Rudas and Pethes, 1984a; Sechman et al., 1989),

level of rT in mammals under emotional stress or in hyper-
3

mmals (Chopra, 1981; Robbins, 1981; Bobek et a].,‘1986;




involvement of reverse T
of rT is reportedly increaseg
'§$¢ﬁg;ssociated with decreased
ture, fasting, low 1eve1. of
:-@dmﬁ@wth, ©1983; Rudas and
s also reported to 1inhibit

(Vybiral et al.,1985) and

- 1985). These findings
nt role in decreasing the
n physiological conditions.
ptation for keeping the metabolic

energy under unfavorable conditions.

\

n the oxidative metabolism might be

d decrease in the ratio of T and
' 3
ain to be supported by experimental

enes

= AX : :
known about the role of gonadal
®the behav

(Aasenmecher 1973). Energy metabolism is
geanes iz

LS n1f1cant1y in castrated quails and the
e 1ro:

1‘sm is not affected by administration of
265

and Pr1n21nqer. 1979). Recently it has been
& to fou

on to thyr01d hormones, the oxidative metabo-
'htioh, The

lheaded bunting is also influenced by: gonadal

al., 1983b).
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practically no evidence in favor of calorigenic role
~in birds. Administration of catecholamines could
dative metabolism in pigeons (Hart, 1962) and gulls
1., 1971). Functional d%fferences of corticoids among
}vertebfates are reported. Glucocorticoids cause hyper-

glycogen deposition in birds (Snedecor,et al., 1963).

istratjon of corticosterone in a bird, (Parus major)

ﬁé  fate of oxygen consumption (Hiséa and Palonkangas,
  $indings suggest that while catecholamines are not
Ti-énergy metabolism, corticoids are capable of stimulating

rate of birds.

lhe Pineal gland, which regulates/synchronizes a number
éﬁand circannual rhythms, also affects endocrine glands and
[t has been suggested that photoperiod, acting via pineal
pabje of influencing energy metabolism and thermoregula-

species (Heldmaier,et al., 1989). Short photoperiod and

inistration increase the behavioral thermoregulation as

thiver‘ing thermogenesis, and a]soiimprove the thermogenic
_6:;6meotherms (McElroy, et al., 1986; Viswanathan,et al.,
:gfér.gi al., 1989). Melatonin treatment in pinealectomized
I,éﬁafonin added to food) increasedvthe body weight, fbod

| energy retention. These responses are accompanied with an

o
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& T and T (Cogburn and Harrison, 1980; Osei et
3 4
findings indicate that the pineal is also, directly

lved in energy metabolism in birds. At present, the

and its biological significance are not well

ulation Of the Oxidative metabolism in Poikilotherms

i1
e&abolism of Poikilothermic vertebrates is regulated by
uroendocrine mechanism (Gupta and Thapliyal, 1991).
thyroid, gonads, adrenal and. binea] are actively
" regulatory process. Unlike homeotherms, poikilotherms

\7§V0]V3d d%fferent mechanism(s) for the regulation of
e metabéTism. A critical review>of literature on the

nes in energy metabolism of poikilothermic vertebrates is

regulation of oxidative metabolism in fish

;€ tbts have been made to establish . the cajorigenic action

ormones in ectothermic vertebrates. Several dinvestigators

.
1 stimulation of the metabolic rate following administra-

13

roid hormones and decrease in the respiratory rate follow-

actomy (chemical/surgical/radiological) in a number of
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BAEh. 1930 Haarman. 1936. Smith. and Mathews . 1947;

al.. 1951: Osborn, 1951 Zaks and Zamkova. 1952

1awin and‘Rossmoore..1956: Hopper. 1959: Mohsen and

2rd and Gorbman. 1960: Wolf and Wolf | 1964: Sage.

and Smith. 1968: Ruhland. 1969. 1970: Leray et al..
1973 Pandey and Munshi. 1976 Peter and Oommen,
9c.a). In contrast to these reports. an

?§cientists could not find any effects of

equally

_thyroxine-

i fishes like Lebistes reliculatus (Drexler and Von

.Opsanustau (Root and Etkin. 1937).Carassius auratus

¢ i940: Hasler and Mevyer. 1942).§g§g§sig§ auratus and

T(Fuht and Jungbloed. 1945) . Carassius auratus
g ; . 0
BIO5: ) Carassius Sp. at 20 C (Hoar, 1958).Scyllium

0 .
ty. 1954),S5almo gairdneri at 16.2-17.5 C (Fromme and

(Chavin

It is reported that as in mammals. in fish also T

acts
: 4
conversion into T which represents the active thyroid

: 3 _

Ggarget cells level (Darling.et al.. 1982). In a recent
© and in vitro administration of T and T did not
: 3 4
respiratory rate of liver and skeletal muscle tissues
: 0

= 1

athing fish (Clarius batrachus) maintained at 16 C

- This report again confirms the ineffectiveness of
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o}

ifew reports regarding the stimulatorv effect of
on the oxidative enzvmes in a number of fissues
cardiac muscle.liver.gills.brain.kidney etc) of

and Smith, 1968: Leray et al.. 1970: Shivkumar and

eloup and Luze., 1985). In Anabas testudineus.

physiological dose of T significantly stimulated
of cytochrome oxidase and z—GPDH while it inhibited
. ochondrial Adenosine ﬁriphosphase. alucose-6-phos-—
and cytosolic malate dehydrogenase (Peter and
Thyroid hormones are also reported to be involved in
,ngthe‘intermediary metabolism in fishes (Narayan Singh
’5: Eales, 1579: Plisetskaky et al.. 1983). Involvement
nes in both intermediary and oxidative metabolism seems
even the metabolic functioﬁ of the thyroid aland has
ptb a greater extent during the complex course of.

and Thapliyal. 1991).

-anadal hormones play a major role in the development ,
tion and maintainance of the primary and secondary sex
all ;ertebrates. HéAsler and Meyer (1942) pointed out the
;gex steroids in the acceleration of oxygen consumption
.!@ggggsius auratﬁs. Testosterene administration signifi-

0
ted oxygen consumption of gold fish at 20 C (Hoar,

15 also observed that administration of testosterone in
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adiol in females is followed bv stimulation of

”fe in a nUmber of fish species (Raffv and TFountaine.

d Tescher. 1931: Mann. 1939: Gupnta. 1988).

of the fishes.'hypophysectomy-resﬁlted in decreased
. bresumably due to. decreased levels of gonadal hormones
ossmoore; 1956: Hanson and Stanley. 1970: Johanson and
Chan and Woo. 1978a). Recent reports strongly suggest
emént-of gohadal hormones in regulation of the oxidative
ieamphibians and reptiles (Gupta. 1982: Thapliyal et al..

E[d: Chakravartty, 1990: Gupta and Thapliyal, 1991).

istration, both in vivo and in vitro. has recently been

egulate the activities of hepatic oxidative enzymes in a

testndineus (Peter and Oommen. 1989b.d).

Adrenaline produced marked hyperglycemia in many fishes
. while noradrenalihe acted at a slower rate (Young and
; Matty and Lone. 1983:; Ottolenghi et al.. 1984). vSince
'is generally associated with aglucose oxidation.
Noradrenaline also seem to be involved in the oxidative
i - fish. Adrenalinetadministration has been reported to
od glucose, blood lactate and plasma free fatty acids in

illa (Larsson, 1973), northern pike. Esox lucius (Thorpe

1974) . in rainbow trout. Samo gairdneri (Moratta et al..




al., 1984). Glucogen break-
phosphatase activity by
(Jameela and Oommen,
increase the activities
Figh spe i

ATPase, a-GPDH, SDH,
. udineus (Ignatius and
g  these, reports, adrenaline

Q Matsboliss
tion in Girella nigricans (Smith

(Baner jee and Joshi, 1981) and

N

barsha, 1984).

Vt h‘:z- k .
nes also seem to be involved in the energy

is reported that oxygen consumption in Japanese
Bampt 1oy .

ca was stimulated by cortisol (Chan and Woo,
istrat ,
been shown to stimulate the respiratory rate
rat

tissue of clarius batrachus (Gupta, 1988).

. also reported to stimulate oxidative enzymes in
& B
(Ignatius and Oommen, 1990). Corticoids are also

affg-in the intermediary metabolism of many fish
thg&ées hyperglycemia and stimulates glucoﬁeogene—
_lgggrt%so1 stimulates gluconeogenesis and l1ipolysis
la f;%dman>g§ al., 1979). Liver and muscle glycogen

O B

ollowing cortisol administration in many fish species

1963; Chidambaram. et al.,1973). Effects of corti
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Lo )
carbohydrate metabolism indirectly indicate the

e

these hormones in energy metabolism of fish. However,
.‘ & E

~ vertebrates, there is no information about the role

‘the energy metabolism of any fish species (Gupta and

ﬁion of the Oxidative Metabolism in Reptiles

%

ence of hormones on the oxidative metabolism of
gractically not known till - late fifties. Maﬁer and
;3 observed that the lizard,Anolis carolinensis,
- room temperature (220—250C) did not show any change in

'xyéen consumption following thyroidectomy and thyroxine
administration. However, when these animals were
‘".0 C, the Fate of oxygen consumption decreased after
and increased following thyroxine and thyrotropin
;1ier, thyroid feeding was found to have no effect on
;0xygen consumption in a lizard (Drexler and Issekutz,
;émperature—dependent effects of thyroid hormones_ and

on the oxidative metabolism was confirmed in Lacerta

1961), Eumeces obsoletus (Maher, 1964), Sceloporus

1hoft,1966), and Natrix rhombifera (Turner and Tipton,
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'l and co-workers also reported temnerature-—
ts of thyroid hormones on the rate of

le body. liver and skeletal muscle of four

%:1$¥a§m - .Calotes versicolgx)Hemidactylas

or.and Ptvas mucosusA (Chandola.et al

. 1974b: Kumar.et al.. 1974: Gupta. 1982:
B o). %1989 - Chandola-‘Saklani and
iﬁ&cantly decreased the rate of oxygen
 1 Vér. muscle. kidney and brain of G
» rate'of oxygen consumptionl followed by
“£Y¥L;T  (Gupta and Thapliyal. 1985a)
ig;mysernation when thyroid hormones
'"ihﬁities (Thapliyal and Chandola.
ygen uptake of various tissues of
iv%hyroidvhormones sﬁggests ‘that
. ‘CQSS by actihg directly af
(Thapliyal and Bt ausy,

1is  suggestion is further

icating that both T  and

s in a numbgr of

. gills. brain. kidney

984a.b. 1986, 1988, 1990a.,b:

and John-Alder. 1990: John-Alder
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.6hes are also activelvy involved in the
rv‘metabolism of many reptilian  species
;jL. 1974b: Thapliyal and Gupta. 1984:
';19805: Chiu et al.. 1986: Chiu and Woo..
b-aha Odmmén. 1990). Involvement of these
m;dlgrf and ox1dat1ve metabolism of poikilo-
s’:_éeems to quqqeqt that the metabolic
;quland.ﬁ;s been conserved to a qréater extent
Gif'evolutlon (Gupta and Thaplival. 1991).
et - :
in addition to their reproductive
rted ~to influence vreptilian oxidative
yal } L,A1974a.¢: Thaﬁliyal and Gupta. 1983.

and in vitro experiments. Thap11ya1 and

:Jflcant increase in respiratory rates of

'stration of gonadal hormones and

respiratory ~rates followinq

of reptilian species (Chandola
;974a: Thapliyal.et al.. 1974c:
BIB80. 1981 ; Thapliyal and Gupta.

iamma. 1988). Castration in Calotes
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tissues. Administration of testosterone always reversed
effect of castratijon and also further increased the
'..ﬂWation of the whole body (Gupta and Thapliyal, ( 1985a&},
al. (1974a) were the first to report the calorigenic
al steroids in reptiles during winter months. Detailed
e effect of temperature and photoperiod on gonadal activ-
t the calorigenic action of male hormone is independent of
wi factors (Gupta and Thapliyal, | 19850).Testosteroné
be calorigenic even at simulated low temperature (150C)
v iﬁé failed in stimulating the oxygen uptake rate
-gﬁhtGupta, 1684). Calorigenic effect of gonadal hormones
“determined by the energy demand of varijous tissues.

tosterone has been reported to stimulate a number of

enzymes in the ljver of jndjan garden lizard (Qommen and

"1988). The metabolic rate in'Cha1cides ocellatus has
ge more sensitive to gonadal hormones (testosterone and
lSOC and below (Al Sadoon and E1 Banaa, 1986). The
ards gonadal hormones was reduced when the animals
 _e1r prefered body temperature (280~37OC) Reduction . in
m1ght be a measure of conservat1on of energy (Al1-Sadoon

g, 1985). The calorigenic action of gonadal hormones in

- lower temperature could have an adaptive and ecological
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since it may help the lizards to meet energy "demands
r months when thyroid hormones are calorigenically

Recently it 1is has been reported ‘that Testosterone

‘f}yﬂ"increased the whole body oxygen consumption in the

zed male lizards Chalcides ocellatus and estradiol signifi-

*eased oxygen consumption in gonadectomized females

B sl 1990).

e

: Gonadal hormones have also been reported to exert
e ‘

- effect on the intermediary metabolism and erythropoiesis
cEw ¢ ;
and other poikilothermic vertebrates (Follet and Redshaw,

.d; Wiegand and Peter, 1980:; Lone and Matty, 1980; Sinha,
and Thapliyal, 1984; Sreedeviamma and Oommen, 1987).

of gonadal steroids in the oxidative metabolism of Tower

for the survival and successful breeding of these cold
i mals under diverse climatic conditions (Gupta and

19854,1991) .

addition to thyroidal and gonadal hormones,
es  are also reported to stimulate the oxidative

of reptiles (Gupta and Thapliyal, 1983; Thapliyal and
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tio :

, Gupta and Thapliyal, 1985b. In the Indian garden lizard,
r injectijon of adrenaline was found to be calorigenically
than noradrenaline in the euthyroidic 1l1izards. However,
;Qmpnes were equipotent in the thyroidectomized animals
i Thapliyal, 1985b). Further, the presence of thyroid is a
.fhjor the calorigenic action of adrenaline in the garden
ﬁ,qu the breeding phase (Gupta and Thapliyal, 1983).
.10n of epinephrine and norpinephrine have been reported to

resting metabolic rate (RMR) of Alligator mississipiens

g?hours and thereafter to stimulate the RMR which remains
or many hours (Coulson and Hernandez, 1979). It is
Eé@at the calorigenic action of catecholamines in reptiles
' ;of ambient temperature and needs very short lag period
@ernandez, 1979; Gupta and Thapliyal, 1983). Due to their
-independent and instant ca]origénic action, catecholamines
d to act as emergency hormones for the regulation of the
olism in poikilothermic vertebrates (Thapliyal and Gupta,
2 and  Thapliyal, 1985b, Gupta, 1987, 1988; Gupta and
6”1990; Gupta and Thapliyal, 1991). There is scarcity of

c‘h ] i
regarding the calorigenic function of corticosteroid

10 .
lower vertebrates (Hanke, 1990). In the Indian garden

i
?costerone administration had no effect on the whole body



ison. However. devendina on the season
tatus. it has been fouﬁd to stimulate.
@nQrespiratory rate of 1liver. muscle.
l.1,1983). Hydrocortisone revportedlyv

‘éﬁﬁ¥viﬁy*in the liver of Calotes versi-

(Prasanna—- kumar and Oommen. 1988:

'hough the calorigenic effects of
t._there are many reports which
§;és.play an important role in the
boiiém‘ in cold-blooded vertebrates

1976 : Chan and_Woo. 1978:
1985:‘Vijayan and Leatherland.
ugugibg_ér. corticosterone and
e concentyation of blood glucose

glucose 6-phosphates and glutamic

mmen. 1992).

> of information on the role of
ism of Reptiles. The npineal

d in the thermoregulation of

4

alectomy is reported Lo increase
body temperature of lizards
Rormcna , ;
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0; Roth and Ralph, 1976; Ralph et al., 197905 Firth,et
In the 1i2ards, L. viridis, shobt photoperiod and

- of me]aionin reduced body temperature (Rismiller and
- 1982, 1985, 1987 and 1988). The precise role of melatonin
Qﬁh@  regulation of reptilian energy metabolism remains
“unknown (Gupta and Thapliyal, 1991).

@rd

On the basijs of the above mentijoned literature, it
ot

cluded that hormones of thyroid, gonad, adrenal and pineal
f

involved in the regulation of the oxidative metabolism of
he ¢ ' i

for the regulation of the metabolic rate at Tow

Regulation Of the Oxidative Metabolism in Amphibia

ring the course of evolution, amphibians were the first

rtebrates which ventured terrestrial as we]1 as aquatic

the1r crucial phylogenetic positions in the animal king-
iu

1aNs possess some characters/physiology which are also
fish (aquatic animals) and/or 1in reptiles (terrestrial

nce the neuroendocr1ne system has been evolved in respect

and habitat, the hormonal mechanism for the regulation



In the first few decades, a large
;d.the effects of experimentally induced
har and Mao

~on the metabolic rate of a large number of

Funkhouser

estigators 1like Euler (1933), Warren
d Green (1963), Maher (1967), McNabb
d Packard and Packard (1975) reported
@?h&hmbnes on energy metabolism in
s have also reported inhibitory effect
amphibian species (Taylor, 1939;
scientists did not find any effects of

e

idectomy on the metabolic rate of

anta Rana pipiens and Rana somibi-
tauber, 1935; Galton and Ingbar,

kard and Packard, 1975).

contradictory findings

t be due to differences in

na

0 0

imated at 25 C but not at 15 C
probab i

findings indicate that the metabol-

@ dapen
mﬁght be temperature dependent. The
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iens and in other species miaght bevdue to
thfroid hormones used in these -studies.
hghbhibian tédpoles. endogeneous thyroid
ﬁgézino effect on the standard metabolic rate

ey
934: Fletcher and Mayant. 1959: Lewis and Frieden.

1966 : Funkhouser and Mills. 1969).

5criticall analysis of the above mentioned reports
he earlief studies were not carefully planned. Most of

tions were not carried out under controlled/defined

ditions and no importance was given to the
bient  temperature  (Rosenkilde.  1981: Gupta and

In a recent study.in vivo and in vitro treatments

did not stimulate the oxygen consumption rate of liver

0 0
temperature (minimum 6.7 . maximum 16 C) during _Winter
' 0

x;tively higher natural temperature (minimum 13  and
during summeyr/rainy seasons (Gupta and Chakravartty.

Wn3.both T and T stimulated tissue respiration of the
anpstictqg mainzained at natural temperature (minimum
1 mum 250C) during summer/rainy seasons but not during
1 mum 50Cv and maximum ZODC) (Deka-Borah. 1989). These

to suggest that probably caloriaenic effect of the

~@,»might be species dependent and/or temperature
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pta and Thapliyal, 1991).In vitro stimulation of oxygen
.”ious tissues of amphibians at High temperatures (at or
trongly suggests that thyroid hormones might be capable
metabolic rate by acting directly at ce]lu]aﬁ/subcel]u—

(Deka-Borah, 1989). This suggestion is further supported by
Hes

rts that both T and T stimulate a wide range of mitochon-
the 3 4 :

ive enzymes like cytochrome oxidase, L-GPDH, cytosolic and

malate dehydrogenase in a number of tissues (skeletal
v '
r,kidney ) of amphibians (Lagersptez et al.. 1974; Brucker

1976; Lagerspetz, 1977; Goto et al., 1982; Sutharam .and
resi '
189 ;

Sutharam et al., 1990).

Pt %

fpone
Notwithstanding a large number of confusing reports

- the calorigenic /metabolic action of thyroid hormones 1in
8 i '
no attempt has been made so far to investigate in detail

_Bf these hormones in the regulation of the oxidative
' with special reference to acclimation temperature, natural
n‘;. hf’.) ; ’

mperature, hibernation, and physiological doses of the

asting/starvation has been reported to alter the receptors
B <.

A

d hormones. But there is complete lack of information
| the impact of feeding/fasting on the calorigenic action of
mones in amphibians and other poikilothermic vertebrates.

far no attempt has been made to study the synergistic
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hormones (especially catecholamine hormones) and

v+ natural climatic conditions during different
. and Thapliyal,1991).

Tminary investigations’suggest that, as in fish
hormoﬁes might also be jnvolved in the regula-
olic rate of amphibians (Gupta and Chakravartiy,
il 1991) . Administrations of testosterone and
oses have been reported to stimulate respiratory
eta]l muscle tissues in both the sexes of the
ocharis during both hibernation and non-

Chakravartty, 1990). However,
»b%gﬁ_faund to be more potent in males
#ﬁas&radio1 has also been found to be
le tissues of the female toad,Bufo
¢@nq_ig‘vitro treatments irrespec-
ka-Borah, 1989). Testosterone and

| to have a definite role in the

olism of an apodan amphibian,G.

5
e mentioned reports regarding the

oxidative wmetabolism 1in amhibians

Adr x ne
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€arlier studies there is no information on effects of
anti-androgenic drugs on the oxidative metabolism.
mplete lack of information on time-dependent actijon of
$ in amphibians and other poikilotherms. Further, at
is practically no information regarding the mechanism of
Egonada1 steroids in energy metabolism of poikilothermic

ta and Thapliyal, 1991).

L
) addition, attempts have also been made to investigate
involvement of adrenal hormones in amphibian energy

Ahlgren (1925) reported that oxygen consumption of
Vtkésue of frogs was stimulated by adrenaline. Harrij and
EE reported that administration of adrenaline and
iﬁstimu]ated the oxidatijve metabolism in frog.

| of adrenaline is also reported to stimulate the oxida-

inRana pipiens (Farrar and Frye, 1977). Adrenaline

metabolic rate of axolotle Ambystoma maxicanum in a

. manner (Janssens,et al., 1983). Catecholamines
d norepinephrine) have also been reported to stimulate

‘“sue'oxygen consumption in Rana limnocharis (Gupta and

- 1990). In amphibijans, the relative potencies of
norepinephrine may vary with the species, tissues and

and Thapliyal, 1991). Adrenaline is also reported to
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e

. activities of lactate dehydrogenase, cytosolic and
‘%a1ate’dehydrogenase. succinate dehydrogenase, L-GPDH,

"oxjdase in an apodan,G. carnosus (Josekumar and Oommen,

atecho1amines (both epinephrine and norepinephrine) also

ficant role in the regulation of intermediary metabolism

(Danforth et al., 1962; Hermann, 1977; Farrar and Frye,

s et al., 1983; Janssens and Griggs, 1984; Janssens.et

s S L

In most of the above mentioned studies regarding the
effects ~of catecholamines, experiments were conducted
&éring the sex of the animals, acc]imatéon/ambient
responses under natural climatic conditions, and the
‘hormones. There is also complete lack of information
synergistic actijon of these hormones with thyroid.
faé no attempts has been made to study the time dependent

”ggho]amine hormones on the metabolic rate of amphibians.

BFticosteroids are generally invoived 1in the energy
%regu]atory mechanism. In amphibians (the clawed toad,
na temporaria), corticosterone influences the metabolic

ncreases the activities of malic enzymes and the G-6P-
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~enzyme system (Hanke. 1990). Corticosterone also stimulates

Yy rate of 1liver and muscle tissues of a ffoa.Rang

_451 and a toad.Bufo melanostictus (Gupta. 1988: Deka-Borah.
ta and Chakravarty. 1990). Administration of corticosterone
568) increased the activities of some oxidative enzvmes like
h?drogenase, succinic dehydrogenase, cytochrome oxidase and

in G. carnosus (Josekumar and Oommen. 1988a).

Corticosterone induced increase in the respiratory
ht be associated with energy consuming anabolic processes.
ition and oxidation of free fatty acids and osmorequlatién
and Thapliyal. 1991). A&ministration of Glucocorticoids‘ has
2ported to induce hyperglycemia and glycogenesis in some
- species (Hanke and Neumann. 1972: Hanke. 1974: Woof and

1978: Woody and Jaffe.1985).

There. is scarcity of information on the role of
n in the energy metabolism of amphibians. Effects of

ectomy in the frog.Rana temporaria at different temperatures

ted to be inconsistent (Kashbohm. 1967: Chugunov and Kispoev.
Some 'of the findings suggest that interaction between
ture and photoperiod. depending on the circannual phase.

varied éffects on the amphibian metabolic rate (Kashbohm.
unlop.1989). However. there is no information regarding the

nic action of
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- Special reference to ambient temperature and/or

f the year. There is also scarcity of information

ynergistic action of melatonin and thyroid hormones in

‘t*t‘k**********t*k****



