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The effect. of red\leed oxygen in the blood on body • s 

regulatory responses to thennal stress are well documented. 

The recent. findings of Bhatia et. a.l ( 1969) , that. the Change 

.1n body teq>ere.ture at arrblent. temperature below and above t.he 

neutral temperature is related t.o the reciprocal of etmoepheria 

preaeure suggests that. the degree of the diat.urbanoe of t.her .. 

n:ore;ulat.ion is 1nv•rsly relat.~ to the oxyqen tension in the 

blood. S1me, the normal functions o.f the cell depend upon 

the ava1lab111t.y of t.he oxygen as well aa of t.he substrate; 

changes in t.he glucose levels 1n t.he cell shoul4 be ref~ect..S 

in the regulatory responses to t.herrr.al st.ress. Changes in 

blood c;lucoee are likely t.o influence the thermal tolerance a~ 

t.hermoregulat.ion through their effect. on t.h.e t.henoregulatory 

eent.re in the hypothalamus or/end on the effeet.or mec:n~a..:~1sme 

involv~ in the maint.enance of normal body temperature. Although, 

a few 110rtuu:'a have repoft.f!d reduced t.olerance to cold 1n dia

bet.1e (Poe at a1 1913. · • Ahmad et al 1976) • and J.nsul.ln (C assldy 

et al. 1925) treated animals. very Utt.le information 1s avai

lable on the underlying meobenisma. 

The present at.Udy was carried out on the responses 

of noJ:IllOQlycen-4.c ra 11 and those treated w1t.h glucose • st.repto

zot.oe1n and ineul1n on exposure t.o blgh and low allbient. tettpeX'• 

at. urea. The objective wae to det.ertr.J.ne (a) t.he changes in 

thermal tolerance btou;bt. abOut. by d1 fferent. treat.rr.ent s, (b) 

Whether the obeeJ:Ved changes could be at.t.r.lbuted to disturbance 



2 

.ln tbenr:al regulation. and (c) Whether the alteration 1D -t.herrno• 

regulat-ory responses could be nlat.ed t.o t.be tDe.gnit\lde and 

cUrect.ion of blood vlucose levels on exposure t.o t.henal st.reas 

1n animals with dl.ffeftnt. t.reat.ment.a. Disturbance in thermo

regulation was 1n4t.cat.ed by the change in r•• of fall or d.se 

of ~•1 t...,erat.ura on aposue t.o low or high 81¥11:dent. t.tllllpflr• 

uurea respectively. The cold t.oleJ:>a.nce was d~ermined J.n t.•rma 

of ~he tNZ'Vivel of t.he anlar.als to low emblem:. t.ep•rat.w:es and 

the euecept.ib111t. y of the lltoba to cold injury on exposure t.o 

freezing I'JJ.xtures. The tolerance to heat. was measured in t.e:rms of 

survival t.ime of th~· animal expoaad t.o high ambient. temperature•· 





Bxposure to cold elicit.a a variety of responses J.n 

t.be homeot.herm, Whicb ue 1n general bomeost.at.ic mec:han1ams. 

After a few minutes exposure t.o acute cold at.ress t.ba follow.t.n; 

we.Dts take place. There 1s cutaneous vaacconstr.l.ct.1on, which 

ptJ:'IDlt.s the t.emperat.ure of t.be slcin an4 d•per layers under 

t.lle eltin to fall, t.hus reducing the be&t. loas froiD t.he 8\U"face 

to the environment. The effeCtive t.h1ckneaa of the body shell 

is increaseP and .t.hi.s decreases conduct1v1t.y fl:"om t.he interior. 

This 1• achieved by shift. ·Of blood from the shell to the core. 

'fbJ.a means that. there muet bt;t an increase of blood in the viscera. 

HoWtWeJ:, there 1e en occasional increase in blood flow Which 

inoreases t.he temperature of the ekJ.n. Lewis ( 1930) , termed 

this fluct.uat.1on in t.emperat.ve the ·~lng' phenomenon. The 

pbenaaenon is aost. cone1p1ououa on t.he palm of t.be hand and 

on t.be finger• and t.oes and J.t ie also ObaetV«l ln the euted.o• 

venoua anaet01r0ees in t.he ear (Grant and Bland. 19111 .,oa,1961) • 

There J.s a paradold.cal increase 1n heart &-ate as ehown 

in experiments v1th man (Smith at al, 1962) ana. wit.h cat.s an4 

codent.a (Lipp et. al. 1960) • ACcording to Glasser and Wh1t.t.ov 

( 1951) • th• eyet.oUc blood pressure r.s. .. s approxlmat.ely by 1-

. 
and the cU.astolic blood pressure by at»out Ja 1 the h~ rate 

rises by 14%. The pulrronary ventilation 1ncreasea. -_ Piloer

ection taltes place which tends to .t.ncreas.e the insulation • 
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There is an increased electrical act.1v1t.y in e'kelet.al. 

rmaacles which gradually leads to full developfnent of shivering 

raaponae. As a &"esult of shivering the ~abO lie rate increases 

in both the ID4n and do; 3 OJ!" t folds • 

There 1s a release of norepinephrine and ep1nephr1n• 

from the adrenal medulla. Neurohumoral activation of the hypo• 

thalamus brings about. t.he release of anterior pituitary hot:mOnes. 

eapec1ally those et.J.mulating t.be thyroid and adrenal cortex. 

All t.ha above result. . from st.iaNlet.ion of s'k1n cold 

receptors which bring abo\lt. reflex response tending t.o conaene 

heat.. 

(8) . ~RtNB C'f!!'!!BS quRIOO A.CU'rE COLD EXPOSURE 

Cold acta as a et.rese to hOmeothermic animals. When 

int.ially cooled. t.he hameot.herm:lc animal calls upon all ito ther

mcaregulat.ory mechanism. chfiDieal as well as physical. A elJ.ght. 

~ecrease 1n the body tarrrperat.v.re of l\auleat.herms usually leads 

to a pronounced • str:ees .reepons_.. (Sarajaa et. al, 196'7) • Deep 

:1ypot.ben:da ~reases t.he release of all ho.ftllOtwUI (81Qelov and 

S1dlofsky. 1961). 

Thyroid act.1vi~y has been exatninad by many workers and 

the majority of resulta Obtained indicat-e that. an increased 

thyroid aecret..lon results from exposure ~o low environmental t.em• 

perature, Leblond et al (19") and Starr and Roskelly (1940), 
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observed thyroid byperact.J.vity only at. the bGQJ.nnlng- of cold 

exposure, but e:ccorcUng t.o Cottle and Carlson ( 1956) , and lioocia 

and Carleen ( 1956) , t.hie hypvactlvity pera.t.sts during ttlCf,'Osures 

of 2•6 rnont.hs. The thyroid has an 1ncreaoed ectJ.vit.y dUrin; 

t.l\e in1t.1al ttt.agea of cooling (Sundsten et. al, 1966) and t.he 

plasma prot.e.t.n .... bound iodine' is 1ncroasecJ (Oale et al. 1970) , 

but when the body tempentur:e is d:ecreaaecS t.o 15 c or lower the 

uptake of labeled iodine J.a 1nh1b1te4 (Popovic and v J.Clovic ,1951) • 

The t:ro4erat.e hypot.heratia ( JlC) which develops during preoptic 

warad.n; in animals leads to an increase in t.he protein-bound iodine 

as soon as hypothalamic 'tfarrnl.ng is 1nterC"UPt.ed(An<1ersson1' et. al,1962). 

The role of thyroid horrocme J.n the ree1stance to cold is confirmed 

by Leblono ( 1943) • Thus, adult rats thyroJ.dect.omJ.aed t.wo weeks 

~qioual y die within a week at 2 c , While normal thyroidecto-. 

mi.zed and thyroxine t.reat,Ed thyroidectoml.sed rat. e: sw:v 1ve for 

several weeks at. the same t.E,~Dperat.ure. 

b) · Pancreaa 

lt. is well known that. hibernating animals are hYP<'Qly• 

c:elc durino their wint.er eleep. X n U.J.s state there is a marked 

accumulat.1on o! secretion oranules in t.he islet cells of the 

pancreas (Gabe et at. 1963). Tho fact. that insulin simultaneously 

reduces the blood SU9ar l«Wol and the t.emperat.w:e of the body 

exposed t.o cold 1s 'knoWn for many JO&re. Insulin at.opa shivering 

lf t.he blCHXI sugar level l.s sufflcient.ly reduced (Cassidy et. al, 

1925t Silvett.e and Britton, 1932). As early as 192S Cassidy wrote 

of a • st.ate s!rnulating hibernation• when describing the effect of 

in.sulin. 
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When t.he body tenperat.ure is l'ec.iueed, hypoglycemia 

follows. Popovic ( 1955). followed t.be blooa sugar of rAt. cooled 

by hypereapn1c anoxta at. en ambient t.eperature of 17 C: ~ Imme

diately aft.er cooling, the blood sugar was 300 CY.J/100 ml.. As 

hypotbermt.a deepended there vas an exponential 4eeras•u aft..,r 

6 hrs t.he blood sugar fell to 100 m;/100 ml. After 16 hrs 

it had fallen t.o so m;/100 ml. 

Glasa at. al (1951) report«! t.hat. deeth by hypooly

c~a occurs at. the same blood euga:- level whatever the thermal 

et.at.e of the an1ma1l nonnot.her:mla wit.h high or hypothermia 

with lov enfl1!"gy expenditure. HypoglyoemS.a ~tacks are more 

111tely to be related to SOin8 direct. effect. of hypogl,cemt.a on 

t.he nervous cells of t.he brain. 

The importance of cat.cholaminea in the defence aga.1nst 

cold am J.n cold adptat.1on has been known for a long time (Depocaa 

et a1 19601 Heroux, 19621 Hsieh et. a1 1951t R.f.ng, 1942, Sellera 

et ,al, 1954). In previous uork on dogs it was emphasized that 

epinephrine and norepinephrine were rrore impoct.ant oalorigeni• 

eally during cold exposure t.han at neut.ral enb1ent t.eraperatures 

(Tanche and Theft\inarJ.aa, 1969). Many authors have ShOwn tba 

catecholamine t.hermr.tt;enes1s requJ.ras the presence of thyroid 

secretion in <Uffere~ species (Chat.onnet. ,19611 O.r1ff1tb, 19&1' 

Harrison, 196•1 Ring, 1942t swanson, 1956, 195'' Vaughan, 1961). 

lt. has been repon.ad that plasma epinephrine te either 

d«:reased ( st.epbanyan, 1963) or incr:-eaaed (Holobut., 19631 Holobut. 



., 
and St.aaka, 1062) 4ur.t.n; co14 exposure,. The s.,ret.ion of 

epinepJu:ine is c:ampletely interrupted When t.he bodv t.empe.l'

at.ure is below 1? c (t'lalalejac et. a1. 195'). It. is pouibla 

that depletion of the epineplU:ine content in the a4renals 

(Davidovic. 19711 and Pcrov1c, 1966) prevents rewand.ng 

after a long-lasting profound bypot.henn.la. Bpi.nephr1ne 

admln.lstered to rats cooled t.o a body terrperat.ure of 17 c 

retains 1t.s hyper;lyc.S.c e.ot1on. Glucagon. Who.ee mode o! 

act.ion 1s sim11ar to ep1nephr1ne has no biochemical effect. at. 

this low body t.emp-.rat.ure (Aq1d and Murat. • 1970) • 

Jt 1a well established that adrenale are involved in 

the met.abollc response of homeot.hams expoaed t.o cold. An 1ncre• 

ased secretion of cort.icost.eJ:"Oids has been demonat.rat.ed in acute 

cold exposure (Leblan::, 19611 Boulowar4. 19631 Canet.h et. al. 

19&51 Gale. l910t and Grad et. al, 1911). However, t.bere ar4t 

reports of an unchan;ed (Barlow, 1959) o.co 4ecreased level of 

adrenocortical hormones (Hunter et. al, 1964) • 

e) Gonads 

'Vidovic (19S2), studied t.be effects .of hypothermia 

on pregnancy in the female rate, if cooling 1e on the lat. day 

of pregnancy. bypot.bez:om.la increat~es it.s durat.ton, if applied 

after 11tb day • repet.it.tve hypot.hermla t.ersnloetes pregMncy • 

Changes in en&:Jcr.tnal staent.lon '\Ulder cold exposure 

al~er tbe carbohydrate protein and fa~ rr.etaboUem. 
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Fuhntan end Criemon ( 194"7) , ObMrVed that 1n 8h1ver• 

J.ng rat a p~ ided with ample carbohydrate be!~• cooling, blood 

glucose levels rose, Whereas ln absence of shivering and in 

at.aned an.t.rnals or slowly cooled fed animals; blood vlu.eose 

level was analnta1nec:1 or decrea~. 

The inc.:ease Ln blood glucose J.s atributeble t.o an 

early discluu:ve of epinephrine caused by ·cold. Kilburn in 1960 

has tlhovn that by counteracting the action of epinephrine v1th 

hyc!raz.lne (ergotoxine), hepat.lc glycogenolysis Which 1e cause 

of increase in glucose le aupressed. 

Hyperglycemia of varying ma;nit.Ude has been shown. t.o 

occur during hypothermia d~ntSinQ UpO~ lts degree and dUration 

(Barone, 19671 Bickford, 1960t ~isber •. 19S8t Futu:man, 19'7 .' 

19631 Hannon, 19611 Jayot, 19621 Popovic. 19551 GJ.aja, 1951r 

and k1lbw:n, 1960). ln some animal species, cooling induces 

hVPOCJlycem.ta from t.he be;lnntnq (RQdbard, 1947,1950) • A pro

foun4 bypoglyctmtJ.a baa also b•n observed in hlt>ernatore 6\U:ing 

t.be hibernation period (A<;~id et. al. 1969). It. ie also known 

that hypoglyeemia and hypot.berm:J.a appear tOQether J.n t.h.le case 

(Sahovic: et. al~ 1951). 

William et. al ( 1967) • det.ermt.ne4 insulin levels .ln 

blood during intravenous glucose tolerance t.est. 1n hypothermic 

and notmotberrnlc dogs. They cone lucia! that. decreased pancreat.ic 



.lnaul.1n aeeret.ion vas t.he factor respOnsible for t.he altered 

glucose ~aboliam during hypothermia. 

Hennerman et. al ( 1958) , notGt'l that. during h.ypotbemia 

ln tnan without eb1verino end with 1ndW:e4 bype.tVent1lat.1on, 

there is decrease in blood lact.J.c acid, pyruvlc acid and inor

ganic phosphOrus with a moderate rise in blood glucose • Beaton 

( 1961) • has reported a decrease in bload lect.ic Geld and 

inocvanie phoaphoJ."\la level of fasting hypothermic rats. Beaton 

and O.ane ( 1961) , showed that progre.esive increase J.n :blOOd 

levels of lactic acid am inorQanic phosphorus with progressive 

cool.t.ng of rat.s &J:e relat.ed t.o severity r:atl\er than dvat.S.on 

of cooling. 

Hyperlaet.k14etnta bas been reported in hypotJu•rrr..tc 

patients (Ballinger, 1962) • It- J.s caused by dec.a:eaeed U".J: 

funot.ion • The myocatdial .lactate concentrat.Lon 1n hypothermic 

gW.nea pigs is sUghtly eleVated (Hanaon et al, 1961) , but 

t.h• concentration of car<tiac laot.J.c ae1d returns to t.he noJ:'mal 

level when t.he animals are cooled more profoundly or When 

they ere ~ept in hypothermia for SOYctral h.ow:'s. Manton ( 1961) 

and Jayot. ( 1962) , also obser:ved a variable increase 1ft the 

level of lactic acid J.n the blood and tissues in -ant.mala in 

'Mhlc:h hypothermla is meint.ained for a lo119 time. Hypothermia 

and hypercapnia have been found t.o inerease the stores of 

carbohydrat.e in the brain. Zalchary ot al ( 1967) and MJ.l.lu 

et a1 ( 1964} st.uaied oardlac glycogen 1n cooled guinea pi;s 

and other ani~r.a.lr; and it was fO\llld that 8\U'V.lval of hypothermic 
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rat.e kept .l.n pure nitrogen depends on the cardiac glycogen 

rese.r~es. 

Shipp et:. al ( 1965) #found that. vlueose uptake by 

the tsolat.ed rat heart perfused at. r1 C was nil and i.ncreased 

pt:OQressively wJ.t.b higher t~.-at.ures. Lactate formation vas 

v.tr:tually absent at. 2~and below. Crofford et a.l ( 196!) • ha\fe 

reported that. glucose uptake by rat adipose tissue is lover 

at 17 C. 

Puhman and trulu:tnan (196t), studied in vitro uptake 

of glucose by rat diaphragm end red bloo<l cells at. low temper

atures. He found Q luoose upt.ake by isolat.ed diaphragm was 

1·86 avAJ/hr at JS c. but only o.2e av/g/br at. 19 c. He con• 

clud.S that abnormal glucose met.a))oUsrn J.n hypothermia .1e not. 

caused by a failure of glucose t.o penet.ere.t.e cells and t.bere is 

no un\l8\lal eena.t.tivity of hexokinase- to change in t.~•rature. 

A number of studies have 1n<SJ.c~ed that glycogen 

storeo are rnoro stable at low temperatures than .tn tlle normo

thermic stat.o. Thus, Bishop et a1 ( 1965) , using t.he pezofused 

rat liver, found a 1~ decrease in Uver qlycogen at 31-60::, but 

very litt.le ChDngo When the perfusate temperature was 24•29 c • 

Fuhrman anCl Puhl'man ( 196l) , found tbat. a gl-ueose load did not 

induce glycogen deposition J.n rats at. 19 c and conelu:2ed t.hat. 

there was an inability to store glycogen. Shipp et. al ( 1965) , 

observed that heart glycogen was depleted when perfused at 

31 c but. dU not snow e decrease at 17 or 27 c • BurUngton and 

Klain ( 1967) • observec! 11\fer glycogen levels of 2? 119/g in 



11 

b1bernat.1n; qround squirrels at. 6 c end 39 mo/o J.n nor:mot.her

mlc <;~round aquir:rels. The slower turnover of glyc.ogen stores 

ie apparently reflected in lover blood ·GU1ilar levels generally 

found J.n hypotheftlie .and h1bernat.1n; animals. Kalser et. al 

( 1965) , using t.be 1so1at.ed perfueec:! rat Uver, found that. bloocS 

qlu.cose levels dropped steadily when the perfusate tenperature 

was ~acreased frorn 37 to 25 or 1.7 c • 'the decrease were from 

aboUt 120 JDg " t.o about So mg " • 

Plasma protein levels decreaaa 1n hypothermtc: chickens 

(St.urld.e, 1941) 1 goats (Titnet. et. al. 196'7), an4 in ot.h~r animals 

(Oat.asbkoV, 1961) • Beaton t 1961) , however, has reported an 

increase in t.he protein concem:.rat.ion of blood during cold 

exposure. Thauer, (1965), on ot.her band, .t.s of opinion that 

plasma prot.ein concem:.rat.ion reJnains unchanged during cold expo-

Bxr:::ept for taurine, which appeac's to be elevot.ed, 

free ecrd.no acld coneentrat.1on ln t.he blood remains unalt.ced 

during hypotheJ:mia (Krietofferson, 1968) • 

ln art1fic1allV eoo1ed hibernat.ors. the level of fro• 

amino acid in t.be blood decreases. Holobut et al ( 1966) • and 

Szilagyi et. a1 (1961) proved that eenan hist.amlne lncreaoes 

1n profound hypothermia. t~elch 1n 1961. baa ehown that levels 

of blood ammonia decrease in hypot.hemia. 
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llfhit.t.en amt.Klain .tn 1968 found t.hat. in vitro -&ynth• 

esis of protein from methionine 14 c. methyl by Ground aqui.r~el 

Uvel:" tld.crosomes was markedly lower 1n hibea-nat.ino anizr.ala ee 

conp&red t.o normot.berrnlc animals when the 1neubat.1one were 

ca~:r.led out. at !1 e.. However • oo dl fferences were obsec:v ed when 

t.he incubations were carried out. at. . 6 c • 

(B) 'FAT ta:rAOOLtSM IN COLO 

The hibernator or nonhibernator which prepar•a 1t.se1f 

for the challenge to cold may deposit. larga quant.1t..t.es of fat. 

in t.he core or under t.he skin. Subcut.aneous fat. serves the 

purpose of 1neulat1on and ut:.1Uaed aa energy source. Brown 

adipose tissue is ealled as therJnOqen1e t1aaue and plays ext.en• 

s1ve role in nonshivering theftlOgenes.ts. suskt.rk et. a1 (1963). 

studied d1 fferent. bOdy fats in the eold in men am! women. sub

cut.aneou.s fat. ranged from 13 to 45 " of the body weight.. The 

metabolic response t.o cold in both males and feft'.ales wae inver

sely related t.o t:.he percent oC l:lady fat.. 'the leroe increase in 

metabolism during Gh..t.vU"1ng ls aeeampUahec.t by the aobiUzat.ion. 

of t.he triolycer.tdea of the adipose tiem.ut (Bernstein* 19'71} • 

In cold, incomplete Utilization of fat. in mammaUan body reeulto 

in the accumulation of kaonea. These are prJ.mar1ly acetone. 

ecet.lc acid aoo hydroxyb\lt yric acict. WJ.t.h the h\I'.Dan subJect e 

in tbe cold, ket.osis .may oeeur beca\lse of the rela'tlve ce.rbo• 

hydrat.e deficiency or because of high fat cUet • Paesmore and 

J~hneon ( 1958) , suggest. tJ\Qt ketogenet1c effect of cold may be 

pan. of ge~ral response to onv ironment and not speci fie all. y 
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relat.ed to fat. met.aboUS!h Levine ( 1931, ~ 1949) , observ«J 

that. Eekimos do not show ketosis inspit.e of Uv .S.ng on a 

high fat diet • 

Th• t.r1glycerides of depot. fat. are t.he rr.ajor reserves 

of energy in t.he body. They are mobilized under the influence 

of norepinephrine end split. 1nt.o free fatt.y acids anti glyaem1. 

Free fatty acid is further 'broken dotm. t.he end product bein; 

the two carbon fragment called acetyl Co A. Thia material 1a 

used to liberate energy in the t.r.l.c~yllc acid C"YCle. The 

pathway ean be reveraad t.o ut.iliae e»::ess acetyl co A to 

rebuild fatty acid. Johnson and PaaStlOre ( 1.961) emphasi&ed 

the J.mport.anee of pentose phosphate abunt. in preventing ketosis. 

tn b&"OWD adipose tissue fat.ty acids are uaec1 as a metabolic 

eubat.rate. .In the resting state, Brown adipose tissue is in 

•coupled" state i.e. substrate oxidation is linked t.o pbosphor

lyat.1on of ADP t.o ATP in an energy consen1ng reaction. In the 

aetive stat.e of tbe cr4tochondria, substrate oxi,dat.ion appears 

• uncoupled• from phosphO.Vylat.J.on aDd reap1C"at1on can continue 

without t.be l1m1~ing phosphorylation reaetiona. The chemical 

energy thua lost J.s given out. fralrt t.he brown adipose tissue. 

(P) EFFECT OF COLD S'rR2.'1S IN DIABETIC ANIMALS 

In one of t.he st.w:U.es of Poe (1962), it was shown 

t.hat alloxan diabetic rats surc.lve at 25 c for 2•8 months 

While normal rats survive at. 6 c for 19•23 IIOnths. Alloxan 

diabetic rat.e showed s1qn1ficantly lover rectal t.eJtPerature 

than t.he controls. :t.n olloxan diabet.ic rate, survival :cate 



at. 5 ~ 1 c was :markedl.y re<lueed. The met.abolism of the 

4J.abet.1o anJ.mal is NVerely impaired aa at.Utt1ec:J by Poe et. al 

( 1963) " by the inabilJ.t.y of t.he <U.abet.ic rats to maintain lte 

body temperature ana to conserve ht\tat part.J.cularly in cold. He 

hypot.besJ.aed that t.he diab&ic rats did not. B\'LtViVe in cold 

becau..se of an inab1Ut.y to ut.ilize body food st.ores for energy. 

Another factor may hcve been the reduction 1n shivering thermo• 

Qeneais. 

The incidence of cold injury wes also markedly 

increased 1n the d1abet1c rat. s. This was rnan1 fest.ed by a severe 

henorthagic gangrene of the tail appearing after 20th dey of 

exposure t.o 5 c. 1\at.e of gangrene was sa" in the &abet.ie 

and 9 " in t.he control rate. 

Since bot.h epinephrine and norepinephrine J.nhi.))J.t. 

the releaoe of insuUn, a cold e]Q;)O.sed an1rr.a1 e~bit s a low 

blao4 inS\llin (Beak, 1.967) • Cold exposure has be$1 repo~ed 

to markedly increase bot.h tbe bypo;lycemic and the glucose 

ut1Usat1on promoting effect.e of ~enoue 1naul1n. C:w:"X'y et. 

al ( 1970) , observed in rat.s that. hypothermia directly 1nb1bite 

insulin qlease and t.het. there exists a direct. relllt.ionsbip 

bet.v .. n tissue tetrperat.ure and total quantity of J.ns\Uin releaaed 

Cassidy et. al ( 1925). have shown that insulin convul.alon .which 

is produced by massive doses of exogenous insulin is inh1b1t.ed 

by lowering of t.he bOdy ternp•rature of cats and dogs to 25 c • 

Lovering of blood sugar abollshes t.he shivering reflext admlnis• 
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~rat.J.on of glucose causes its t:eappearGne4t. The cOIIO.t.md 

action of cold and 1nsuUn in rate and do;a produees a state 

~Jimulat.ing hJ.bemet.ion. SUbsequent injection of glu:ose res• 

tores the animals to normal. 

The beat t.o which t.he body reacts may hnve .t.ts ori• 

gJ.n J.n extrinsic factors, O¥" 1nt.ornally in met.aboUc processes. 

Changes in b'-dY ternperat.uzoe as a result of env 1ronn:enta1 

var.t.ations or met.aboUe agents, pntduce more or lese profound 

effa::t on va.rioue biologic: processes within t.he body. A. general 

rise of body tempuat.UI"e J.ncreaaes t.he heart ~:ate throu;h 

increased metabolic act1v: it. y of the pacemaker of t.he heart. • 

Ba&Eet ( 1924) # and Adolph et al ( 1941) , fo\IM an increase of 

44 beat.a/ml.nute for a rise of a .4 c rectal t.emper:ature. An incr

ease J.n cecdiae output and stroke volume vas reported by 

Heyman ( 1935) • 

Barcroft and his eoll~s (1946), obaeJ:Ved an 

increase in blood volumttt. Dilution of plasma .ts one of the 

early ftSPQnses to sUdden Olq>OS'dre t.o a hot eft\~ ironment. (Barbour, 

1929). This 1a demonet.rat.ed by t.he deCrease of baettOQlobin, 

and plamna protein concentration and by increases in vapour 

pressure of the aerum. When heat stress is severe t.he h&llm0-

d1lut.ion J.a z:oeyeraed and haemoooneentrat.ion supervenes due to 

copious aveatino in man. Exposure for several days to hot. 

environment. leads t.o a decrease in concentration of plasma pro

tein and haf!I'D091ob1n. 
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In t.he~.al sweatlftlil Na, K and Cl are lo~ and 

consequently sweatino tends to cause electrolyte irtbalance. 

salt <!ef.tcieney is the pr1neipal st.imu.lus to aldost.erone 

secretion, which helps to preserve plastna aodtum. 

so9er ( 1956) , fountt t.hat. the first response to heat. 

J.a dllat.at1on of t.he vaaeular bed in t.he sld.n •. brin;i.n9 a great. 

fraction ot the total volume of blOOd to the surface for cooling 

Blood preasure is diminished due to reduCtion in peripheral 

resist..nce. Respiratory rate incr:easea. There is decrease .. 

in the salivary seeret.ion. (DorocSin1atoina, 193?) • 

In Hyper:t.bcmia there ia e.n 1ncreaae in oxygen demand 

and prodUction of more Co2 • Met.aboUc: rate rises. Changes 

in catbohyckat.e meta.bOUsm have been obsE!rVe4• 

Kant.•r ( 19&'7 ,1959) showed t.hat. unanest.het1zed dogs 

exposed to high errv1ronment.a1 temperatures and low humit'U.ty 

wit.hout. aeceas t:.o wat.er b~orne dehydrated. He founcS that. in 

dogs dut"ing exposure t.o heat • t.he glucose level.G fell and t.he 

rectal t.eapere.ture 1ncree.s~, while on term1nat.1on of exposur:e 

it. was noted that. rectal t.emperatvre fell an4 glueose retw:-ned 

t.ow&C'ds normal during recovery. Contrary t.o thJ.s finding, a 

rise in blood au;ar levels (hyperglycemia) has been reported 

under sJ.Ulilar envirorurent.al eon<:iit.ione in man (Adolph,19471 

and Pit.t.a., 1944) • and in chickens (Rodbard, 1947) • In animals 

ex.poeed to hJ.gh temperatures an(! in men exposed to conditions 

favourable t.o t.he produetJ.on of heat. cramps, an J.noreaeed 
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concentrat.J.on of blood sugar has been reported by Talbott 

( 1935) • :tt was SU~a;eat.Gd that 1njestion of glucose may be 

beneficial ln avoidinQ or t.reat.ln;J t.he heat c:_ra.mps as well as 

exhaustion. A suggestion has been &d\'a.ncec1 t.hat. dd\ydrat.lon 

aeema t.o be necessary for tbe bypor;lyeecic effect. to occur 

in fD&th Adolph ( 19 .. 7) • reported that. sugar is actively added 

to t.he blood as dehydration exllaust.ion approaches. P.t.tta et 

al ( 1946) • described triJniler findings in man on EtJCpOsure to 

heat.. 

ACcording t.o Kanter ( 1959) • t.he t.endency of hyper

gl,cemia is prosent .t.n dogs but. t.be 1noreaaed ~111aet1on of 

olucose of!aet.s the hemoconcent.rat.ion and causes a fall in 

olueose levels even Whtm exogenous glucose .ts given. Tb1s 

inoteaHd ut..l.l.t.zatlon baa been demonst.rated to be mainly due 

to involvement. of t.he respiratory muscles which are involved 

in the panting mecbaniSJD. Kant£ in 1959 deraonstrat,_, same 

insulin or insulin like effect. on dogs, ao that glucose 1s 

depoeit..S as gltcogen and blood glucose levels fall. He has 

suggetlt.ed that. increased muscular activity .t.nvolv1~ t.he resp1• 

ratort rauaclee used tn pantJ.ng regulates t.he body temperature* 

and a1n.ce the glucose is ut.111zec1 faster: than 1t. can be suppl• 

ied by liver • there is hypoglyeelnie.. on t.he other hand. man 

when faced with high t.emperatur~ at.ress manages to reQUlat.e 

hia body t.etpuature within narro• litnits by profuse sweat.lng 

ant! 8\lbeequeru. f!N aporat.ion. 

F'Ul'u:man and 5'uhftlan ( 1963) studied the effect. of 

g.lucoea load ( 10 ftl9/100g' body velght.) on anaeat.het1:zed rata 
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with body t.e~~~perature of 38 c atld 19 c • They found that. excess 

glucose disappeared from the a:-at.'s bloOd at 39 c 1n J.S ... 20 

minutes but. none had diuppeared at 18 c even 2 bourG after the 

t.erm1nat.J.on of expoeure. Bishop et. al (1965) • used t.he perfus~ 

rat l.t.ver and found e 75 ,;. decrease in liver t~lvcooen at. 37-40 c. 

Changes 1n eU"bohydrate tnetabolism ns well as ·many 

other metabollc Changes on beat. expotNre are med.t.at.$! through 

alt.Ration 1n endocrine function • 

(.J) SNDQCIUNB CHMiGSS ON SXPOSURE TO ACUT£ HBJ\'1' STRESS 

Environmental heat. presents at all levels of bio• 

logical oroanieat.ion a stress that brings int.o play in the 

hotneot.hemic aailnal a cotnplex of nervous, enc1ocr1ne. neurohu

morlll and anajor funct.ions comb.S.nln;J to restore a constant. body 

t.IIIIDperat.ure and to adjust. body flu1d balance. energy met.ebo• 

ltem and behaviour t.o the needs concomitant w1th survival 

.S.n new env ttorment. • 

The literat.un on end0er1nologieal aspects of expo

sure to high temperature has been eoU'prehensively reviewed 

by Gale (19?3) and by Collins and l-te1ner (1969), end previously 

by Se&:'de ( 1951) • 

That. t.hyro1d act.ivit.y can be depressed and t.he release 

of the thyroid hormone reduced on exposure to heat. o.re conclu

sions reached by most. investigators ua,ing a variety of indices 
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of thyroid function and experimental. animals. In t.he rat , 

Dempsey and A st. wood ( 19.3) have estimated that. the amount 

of thyroxtne ncreted is g.s ug at. 1 c, 5.2 ug at. 2SC and 

only 1·1 uq at. 35 e. ln the ox,. Johnson and Ragsdale ( 1.960) 

bENe found thu. the fail of ~hyro.i.d ect1v1ty is very abrupt 

e.t hif#l tearperatures. Tbe dacll.ne in the heat. bas also been 

shown in rams (Brco'k.s et al, 1962} ; Pigeons and rabbits 

(Chaudhri and Sadhu, 1961) , mice (Hellmann and Collins, 1957) , 

<.tuinea pigs (Schmidt and Schmidt., 1938) , Poultry (HoffNn and 

Shoffne~, 1950) and pigs (Ingram and Sleb0dz1nsk1, 1965). 

Brown et a1 ( J,9S4) shoVed tbat When previously cooled rabbit 

was ret.wned to t:.he war:m environment. ( 29C) there was an imrne-
131 

diat.• fall of X output. fi'Oift the Oland. Male rat.s exposed 

to 32•J4 c eXhibited redUced iodine uptake and rel~aae as 

compared wit.b responaea t.o lower temperatures t 19-25C) • Depre• 

seed thyroid acti'Vity in terms o£ radioiodine upt.alte 8M 

output. is also reported in sheep (Hoersch et. al, 1961) at 32 c 

and in dairy goat. a during summer aont.hs ( flaarboe ana Rune lee# 

1959). 'thyroid activity ls reduced at.111 fw:ther llhen ani

mals are exposed to temperature raisat above t.hel'lnOneut.ral 

condit.1ona (Johnson and Rag$da1e, 1960). Cramer and LUdford 

( 1926, 1928) obeerved that exposure to heat. ( 3'7C) leade t.o e 

flat.ten1no of t.be thyroid epet.helial cells. Slloilar fJ.nd.ings 

ha-ve been repoJ:t.ed 1n sheep 'kept at 32 .s (Hoersch et. al 1961) • 

1) J:le'!l!lJ.arr Mo9!9J!es 

craaer t 1928) , argued that adrenaline in heat. expo.sw:e 
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VOUl~ be expect.e4 t.o raise the body t.emperat.ure t.hrou;h lts 

calorigen.t.c action aided pemape by eome reduction of perJ.

phenl vasoc.U.laU.on tWhelan et. al 1963). cramer spaaulat.ee 

that t.he animals w1t.hollt. &We4t. gland VJ.ll re~t. to exposure 

to heat. by an J.nh1b1t1Qn of the adrenal oland. such an 1nh1-

b1t.1on 'WOUld be analogous t.o t.bae Which t.he thyroid undergoes 

with 11104erat.e deQrees of heat. e)CpOsure. tn t.be do; the 

plasma cat.ecbolam.S.ne conoent.rat.1on is \II'IChanged durinv acute 

heat. expoauJ:e (Florica et. al, 1967). %n horae there 1e a 

et.J:Ong ev14enae that. secretion actually 1neraases. 

11) M£enocort1cal Hormone Gl~ocort.ieoida 

Adrenalect.omleecS l':Bo sueouftb t.o h.Lgb envlmnrnent.al 

t.tmFCat.ures ( 37 -&0 en . moz.-e easily than do eontr:ols and to 

.aome extent. are protected by extracts of adrenal gland 

(H4mb8nson and Hartman, 1945) • AacoJ:blc acid content. is 

daor•aed 1n ~ate 1 br aft.er exposure to 38 c (sayers and 

Sayers. 19,1). Hypeft.hemia (rectal temperature of 39-12 c 

lnduea! by pyrogen or by ~son in not wat.er of anaesthe

t-ized doqs coused 2 to 1 fold J.ncrease .t.n the plaSI!hl 11- hydro• 

xyccu:t1coste.ro1ds (R.icha.rds and Bgdahl, 1956) • Th1e, ~sponse 

was abolished by hypophysectomy (Barlow, 1956, EJ,.k..,.ea et al .. 

19!6. 195~. Chavers et. al (1966). found that. cort11J01 levels 

increase. 

111) M1cereloc~1colds 

-rbe principal m1neralocort.1cold is aldosterone, 

Which accounts for aboUt two thirds of the total sodi\IUI. ret.ain-
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.tng ect.1Yit.y of t:he adrenal hoaDOnes, whereas t.he othc one

thll'd is 4bl'.2etcleed by t.be 9lucacott1coids. The act.J.on of 

vlucoc:ort1ooida on t.he kidney are complex beca.uM they t.en<J 

to increase glomeru.lar fJ.lt.erat..\on a-at.• and 1n1t.ial sodium 

loss, on the one hand, ana. pr:orrot.e t.be la~er reabuol:'pt.ton 

of 80diUtD, on the Ot.her (Ingram, 1915) • 

Collins et a1 ( 19S5) • bo1fe ehOwn ~hat. ald.o$t.erone 

ie increeaed in. man during heat. ccpoaure, ))~ it. .ts not. so 

in\ICh nlat.ed t.o baat. expoa\ll'e itself as t.o the .GU'O\Int of 

swaat.lnv that. t,akoa placEh lt.. is well known that. aldost.erone 

out.put. lncreaae& <lurlng salt detlcicmey and decreaaes on 

salt. loading. Jt. is pt:Obable that. t.he .t:J.se in eldosterone 

Q~Cret.ion tn Ule heat le related to t.he J.oas of sodium. If 

Hlt. and wat.er defla1ency is prevented during won and eweat• 

ino dur.lng heat exposure, no .i.nchaoe in aldosterone accw:a. 

o •connor ( 1961) , has drawn at.t.entJ.on to the other 

mecbaniaan that. cont. role t.he a&lt loss. Por example, t.be loss 

of eo41um .t.n eweat. loada t.o decroaGe .t.n 8ll.tracellular fluid, 

Which 1ft t.urn lnci"'ases t.he plaSJra protein coo::ent.rat1on. 

Tbe result. of t.hia 1e a decreased gJ.omcrular f11trat.ion zoat.e 

•n4 reduct.ion of SOCJ.l\ID loss, all of which occurs w1tbout. the 

1nt.ervenat1on of bOI'l'a:Onal. eontJ:Ol. Co1Uns and Weiner: ( 1969), 

have suo;eet.ed tha ~he c-ole of al.doaerone rray be in the 
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Un4er ~e influence of aldosterone, the 8041\ID 

concent.rat.ion of sweat. is reduced, but t.hls fall in sodium 

loss takes eoma 6 hoUrs t.o develop. Put. of this t.ime la; 

1• aacount:.e4 for in the mechanism of aldost.erone action, 

which involves protein syn:..t.heeis, which talteo 1•3 hours as 

abovn in t.oad bladder. The additional time t.aken for an 

effec~ on 1:.be sweet. qla.nd may be relat.ed to the r.Rher lov 

oxygen concent.rat.1on. S'tlleat glands are known t.o cont.aJ.n 

luge amounts of lact.ic acid, whicl'l auggeet,a en anaerobic 

gl ye:ol yaia, Whereas aldoet.erone requires aerobic conditions 

(Collins and Weiner, 1968). Aldosterone may also redUce the 

quant.i~y of sweat prodtaeed by the glands. Macfarlane (1963). 

has observed. that. in sheep exposed t.o high t.err.perat.~es, an 

increase in aodl\lrl loss an4 dehydration are not. associated 

vlt.h a change 1n t.be eecret.ton of aldosterone. Xt. 1s only 

d\11'11\9 nbyclrat.1on, ~en t.he ext.racellular fluid expands 

t.hat. the aeeret.1on of aldosterone is st.imulat.ed and sodium 
+ 1a retained • BJCperiment.ally induced Na d.efflcienoy in 

cat.t.le, aheep and ooat. flbovs t.hat. the ex:ess loss of sa11va 

dur1nq heat e~sure causes considerable re<Suct.lon in the 

Nalk ratio of t.he oeer~.ton (Baily et. al 1961; Denton, 19651 

and Komi et:. al 1963) Vhlcb is associated with increased 

rat.e of aldost.erone secretlon (Blair....West. et al 1963 and 

Dent.on, 1965) • 

BJCPOsure to a hot. environment 1n men ana animals 

leads t.o an increase .1n water retent-ion that zr.ay in acme 
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instances be even oreat.ar than t.h~ additional evaporative 

loss. After an in1t..lal water 4ef1c1t. both the ext.recellu .. 

lar volume and the blood vol\Jlbe increase (Robinson, 19491 

YodhJ.mwa. 1960). The nduct.1on in urine flow on exposure 

to heat. may be relata<! to a reduced glomerular filtration 

rai:.e (OPR) consequent. on a lower renal blood flow am dehy• 

dration in bOth man and animals (Mac far lane, 1964 t Radigan 

and Aob1nst.?n• 1949) • However, aft.er a period of ,time GFR 
' 

increase• a;aJ.n (P1t.esky and Laat, 1951). 

The long term red~1on in urine flow durin; heat. 

exp.DS\1.1'8 is .celated &o an increase in t.he levels of anti

di\lht1c hOrmone (ADH) (Collins and Weiner, 1968). In man 

(HeUmann and. weiner, 195)) world.ng J.n a hot. environment, 

A1»l in t.he plasrr.a increases. There 1s a similar increase 

in aheep (Macfarlane 1963, l9&t) subJect.ed t.o water depri

vatlon in auaeer. In trtan and sheep, a standard beat exposure 

in ~ is followed by a greater r1ee in AM aecret.Lon 

than in winter (Macfarlane and Robinson, 19!7) • The inject.• 

ion of vasopressin into t.he sheep and camel, leads t.o an 

unmcpect.e! increaM ln urine flow ana 1n ~. excretion 

of IIOCU1.11n and pot.asa1unh According to Sohmidt-Neilsen 

( 1964) ~ th1a is probably because t.he vasopressin 1e given 

when urine flow is already low and therefore J.t. eawses an 

increase in t.he excretion of eleotrolyt.ea, which carry 

wat.er w1t.b them. Accor:ding t.o It.ab ( 1954) , antlc:Uuret1c 

8\&bst:..ance in rat aei'\ID 1:ncroaaes on exposure t.o heat.. 1Uda-

1ng the body t.~ure of rat.s by heating to 40 c for 



I hr p~es little 4ehydrat.ion and no inc~:ease in ant-1-

<.Uuret.t.c aot.ivit.y but when heating continues for 4 hr, plasma 

protein concentration .lncroasea and Ulo ADH level io raised 

a.lgnl.f.icant.ly (RobintiOn ·and Mecfarlane, 1956) • 

Bxperiment.a on rams and on small laborat.ory mamnals 

bave Shown t.hat. exposure to high temperat..ure less than an 

hour anay cause demclt~Je to the sperm. ln rams expo..S t.o 40 c 
for between 6 hrs and 3 days, t.be decrease in semen quality 

I 

.t.e pzopoftional to t.he length of exposure. The decrease 

first. appears in semen ejeculat.ed 13•21 daya later end lallt.s 

for 35•39 days (Maule and Waites, 1963). Short exposure to 

h1;h t~ure 1s suffloient. t.o reduce the fert111t.y. 

Macfarlane • a1 ( 1959) , have reported: t.bet. exposure 

of pregnant. females t.o high tutmperat.ure leads t.o fet.al resorp

tion. Bxposure of rats to temperature as high as 39 .s c for 

$ hr and 2 days supreased estrus for 9 days ana only after 

14 days vas t.h~'t"• m.x:eessful Dlating (Chang and rer.nan4n

Cano, 1959) .. 

Tbe ma1ntenanee of constant. body t.emperut.ure requires 

the ccmplete development of thermoregulatory system, Which is 

partially d""eloped J.n new ~n rats (Alain Korvrab et. al, 

1976). 
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Xt. is a very weU eatabllabed fact. that. adult. 

warm blood«td anllnals can not usually stand a reduction 

of body temperature below 16--20 c (Girgolv • 19391 Shein1s, 

19'l' St.al'kov '· 19411 and Kuanestsova, 1948) • 

Newly hat.c::hed domestic chicks are poor t.het'DlOre

qulator Wekat.•in et. al ( 1969) 1 RornjJ.n ( 1954) and Welcs

teln et. al ( 1967) have denonetrat.ed that in chicks after 

oneveelt of hatching the body t.emperat.ure is independant. of 

&abient. temperature. upon cold exposure (Freeman, 1966) .. 

t.he newly bat.c:hed chick increases oxygen cons\Uqlt.ion llhich 

1e independent. of shivering. Moore et a1 in 1962 h4\ve shown 

that. ~he dependence of non shivering thermogenesis for 

m&int.e~nance of homeothemy during acute cold stress has 

elao been observed 1n 'kittens. rabbits, rats, ,guinea pigs 

and human in!ant.a. As these rran-Jnals mature, their non

shivering t.hertrogeneals is ~laced QradUally by ebiver• 

ing t.h~enesis (Carlson. 1966 end H1mrns - Haoen, 1967) • 

The early nonshivering beat prodUction is dependent. on sympa

t.bet.:lc neural f\lnct.ion since J.t can be block«l by the 

admlnlst.rat..t.on of adrenergic blocking drugs in guinea plc; 

and rabb.tt.a (Helmet a1. 1966) and by ganglionic bloe'kin; 

drugs in kltt.ena and puppies (Moore at al. 1962). 

tnfant. , albino rat. s are unable to regulate their body 

teperature under cold stress until they are 18 days old. 

This vas first. reported b'f Hill ( 1947) and was cot:robQrated 

by fairfield ( 19.8) 1 Adolph, ( 194 B) 1 and Holt.kaq:l et al 

(1949). 
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H111 ( 19,1), tooll measurements of body temperatures 

dur1rlg cooUn; of rat.& • different. ages and found t.hat. vreat.

eat. reslet.enr:e to lowering of bOdy temperature oceurred bet

ween 18 and so days of acre. 

J'air:field in l9t8 showed that. young tats could 

cease breathing 11'0Yement.a, heart beat.a ana all other detect• 

able .S.ons of life for 1 t.o 2 how:s and st.J.ll recover 'iillen 

warmed. 'l'beJ:e is a st.a.temem:. in a paper of Adolph (1948) , 

that. puppies overcooled. to a body temperature of 10 c r4tJ!lained 

alive for 2 hours. 

In rat.s, tbe adults wee found to die at. a body 

t.empez:rat:.ure of 14 c to 16 c , while the new borns can endure 

1 c for at. least one half noure. During t.he fJ.J:>et. three 

weeks of life (Adolph, 1948) t.he t.rana1t.1on to the adult. 

tolerance occurred. In cat. s t.~e transition both in t.oleranoe 

and heazt beat. frequencies ls found to be slower. Prokop • 

EVa (1960), cSetnonsrat.ed tl'lat youn; anlrrtals are nore nsls

t.ant. t.o 4t*:Ha1Ye cooling and ean wtthat.and a more drastic 

reduct.lon .S.n t.heir bOdy temperature t.han can adult. animal•. 

tt. is posolbl.e to restore the vital f\lnet.1ons of young doQe 

td\lch bad been cooled t.o e body t.eperat.u.re of 6-5 c • 

Very young animals in tibJ.ob t:.be full coordinat.ion 

and 1ut.~erat1on of t.be nervous system is not. yet. developed, 

shoW an ast.on1shlng tolerance t.o changes of body· tenperat.ure 

(Adolph, 1950). This tolerance is greater than in the adult. 

of t.he same speciee. 
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Adolph in 1951 et.ucU.ed cat., Q'Olden hamster. rat 

and to .,.,. . .xt.ent. mc:tuse. QW.nea p1q and rabbit. at. diveree 

postnatal agee with nspect. t.o lower 1-.hal t.ertpeta.t.ure 

liiDtta, and bean. beat frequenc1eei lethal temperature 

t.hat.· could be tmeluz'ed became higher with increased age 

of all species. In cat. it. ron from 1 c t.o about. 19 c. and 

J.n halst.• from 1 C to 4 C • Breath f.:equeneiee decreased 

ee t.~u.re cJecreaaed in new bom infants. 

Buchanan at. aJ. 1949 danonstratec! t.hat. hernst.w• 

acquire t.he ab.t.Ut.y to effeat.ively regulate t.h~ body 

t«aperat.ure in a cold envis:onm~ (5•9 C) at. ages ranging 

fxao 30-44 days. Myel1nat.1on in the doraolat.eral areas of 

t.he hypothalamus. aa determi~ phot.omet:.rJ.cally zoeachos ita 

height. at. t.be t.1me thermoregulation beccees fully developed. 





as 

Normal bealt.by albino rat.e 'of WiGtat: ertra.ln. wre 

used for t.he experiment.a in present. st.Udy. The body weight. 

was 150.250 o for adult rllt.a (age 4.c; months) end 40.?0 g 

for VOWl9 rata (age ao-so 4a.y«t). The n~• for the -.pe.r1.-

1Dent.e were obta1Aed. from cent-ral animal howae of t.he All 

India Inst.ltute of Medkal science•• New Delhl•l6 and were 

kept under con.t.rolled OJnblent. condit.J.on• ( t.emperat.ure 

2? + 1 c t RH So-60 ") 1n t.b• an1mel house of SChool of -
Bnvironmentai sciences. Jawaharlal Nehru Un.f.versity. New 

DelhJ.-5?. 

access to water. The st.andam diet. vas obtained from t.he 

H1nduatan Liver Llln.l.t.ed., :tn41a. It. bad the fol.lovJ..f\9 eom

poait.lan. 

1· Crude protein 24 ~~:\': .... 

a. fth.er ext.raet. (fat.) 4 percent. 

3· Crude f.lbn 4 peJ:Cent 

•• Ash 8 p.arcent. 

s. Calcl• 1 percent. 

6· Phosphorus o. 6 percent. 

'· Carbobydrat.ea so percerw. 

e. Met<.eb011aeble energy 3200 callk; • 
cont.ent. 
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The det611s of t.he Pln:leedun employed for pro

ducing hypo and hyperglycemia, estluJatlon of blood glucose 

levels • induct. ion of t.bermal streea and the methods of 

racold1nQ' and obt.e.t.ni.RQ data on rect.al temperature and 

survival t.1me are aeearJ.bed in t.ha: following paregra;hea 

a) !Y m'54Ql!!it't\t&on of ,at.r;eaosocJ.g 

D.labat.ic byperglycerd.a waa ~uced by at.rept.o• 

aot.ocln (S.lQ~Da) regarded ae a condenaat.ion product. of a 

;lucoaamine and a n.lt.rosow:ea mlecW.e. Rate were injected 

J.nt.raper1t.oneally with etreptozot.oc1n in a e1ngh dose of 

BS ang/ko bOdy weight.. The st.rept.ozot.oc1n was freshly 

dieeolved J.n citrate buffer. ;8 t.s, and was 1nJect.e4 within 

S mlnut.ee of preparat.lon. ?he volume of adlnlntstered 

solution did not. e>G:eed o.s ml. Tb• drug 1s repon.e4 t.o 

aelect.1vely destroy islets of Langemans (~-cella) of 

pancreas. 

G lucoae ( 300 m;l was 4tsso1vecS in a rn1 of saline 

anc! waa fed orally t.o all the rat.s irrespective of t.heir 

weights. Oral feeding was done v1t.h t.he help of 2 ml 

syringe. the nttc(Sle of which was at.t.ached t.o a thin • soft. 

po.lythene tuba, abOut 4 em in length. The controls were 

fed v1t.h the same amount of .saline. The Q1W!oae was fed 
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1 br before the animals were Enq:Osed to cold end heat. 

stress. No food or wa~er was oiven to the animals during 

t.bts period. 

9 Wllta per kg body welght. of 1nsuUn (Boats 

Colr;pany. India Ltd.) was adm1n1at.ered t.o aak.e t.he expert• 

ment.al rats bypoolycemlc. St.ock solut.J.on wa• prepared 

wit.h a eoneent.rat.J.on of .. s ml of insulin in t.en ml of 

normal saline. The 1nject1on for rat. wae nearly o.s rnl. 

The stock was st.ored in refrl-:;erator and away from Ught. • 
'-

lnsulin was 1njeat.ed 1ntraper1t.onea11y t.o t.he SlfP4trimental. 

rats one bout' before exposue t.o cold al'ld heat. stress. 

C12nt.rol rat.s were t.reated wit.b the same amount. of llOI:tf.al 

aa11ne. 

Cold stress was induced by expoe.t.ng the rata in 

deep.freezer (Kelv1nat.or freezer K) rmaint.a1ned at. a 

constant. emb.lent. temperature of •20 c • The de81red t.emp

erat.ure could be at.t.a.t.ned by adjust.1ng t:.he t.hermoat.at. 

control. Air temperature vaa recorded both at. t.he beqinn• 

1ng and end of t.he experilnem with t.he help of e st.andard 

alcohol t.hermoillet.er. The recorded da1:.um was t.M DJean of 

t.be t.wo ob .. nations. Tbe J:"at.a wen shaved. before 4lXPosw:e 

t.o -20 c • The anav 1ng was done in order t.o hasten t.he 

rate of fall of body t.emperat.ure. 
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For exposw:e to lov ....S high I.Uli>J.ent. tempca

tu.res of vary-ing degrees via., 15 c • 25 c ~ 32 c , )S c 

and 38 C t.he rat.s were kepa. 1n a des1ccat.or kept inside 

the SOD incubator (SCiont.ifU.c Squ1pJnento works. Delhi) • 

The t.emperat.UI'e J.neU!e the deeiccator could be obtained 

at. any desired degl'ee by e<Jj uet.J.ng the control knob of 

BOD incubator. The t.emper:ature inside the d.esJ.ee.ator waa 
' read with the help of a mercury t.heraomet.er fitted 1nto it. .. 

% n order t.o effect homogeneit. y in t.he exPC1ment.al 

conditione and t.o avoid err:or dUe to high degree. of varia .... 

b111ty# a separate cont~l group of rats was chosen for 

each experiment. • 

Rectal t.~at.ur:e was reaoftled with the help of 

t.elet.heruoar.et.er (Aplab) using c therrr..t.st.er probe (Yellow 

springs • Oblo USA) • The latter was inserted. about. 6 to 1 

crna deep in t.he reet um of adult. conscJ.ou.s rats and 3 ern 

.t.n t.he young rats. The therm1st.or prObe was held J.n posi

tion by t. ying J.1.\ to t.he tail by moans of adbeetve ta:ptt. 

Tbe cable of t.he probe was encaaed .t.n an iron shleld 

t.hat. helped to prevent. the rat.s frotn chewing t.be cable. 

The other end of the thet'lfdster was eonnected to t.he t.ele

t.hermomet.er for direct. wneaaunment. of the rectal t.~rature. 

Cal.t.brat.t.on of telet.bermotnet.er was made on every alte&"nnt.e 

day with t.he help of an aoc::urat.e rr.ereury t.hemomet.ez:-. 
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1. MEASUREMENt" OF. SURVIVAL TIMB 

The t.J.me o-f death of the anJ.mal during exposure 

to heat. or cold stress was indl.catec! by t.be point. of cessa

tion of &"espiX'at.ioa. 

lp'f9• ~. HYPEiaLY:!?,~A 
- - -

The blood samples .f.n st.rept.ozotoo.f.n treat. eel rat a 

•re colleet.e4 after S days t.o ensure that. pex'llWlnent. tUa• 

bet.es had been prodUced. In .f.naul1n t.reat.ed glw::ose fed 

and insulin t&'l:at.ed plus glucose f~ rats, · t.he glucose 

est.J.Mad.on was canied at. 1. 2 and 3 Ms after the 

treat.mer&. Blood sasnplas wen also c:oJ.lect.ed from strep .. 

t.ozot.ocin and 1nsulJ.n t.roaecl, 9l\M:ose fed and insuUn plus 

glucose fed rata after 30 mln'\&t.es of exposure to cold stress 

(-20 C) end after 60 minutes of exposure t.o heat. stress (36 C). 

Similarly, blOOd was collected from the controls (normc>gly

cem.lc rats) at. room t.omperat.ure and after expoew:e to 

beat. and cold st.ress. The blOOd aemples were collected in 

'V.f.ala contain1f1111 preservative ( socU\811 flucu:14e and pot.as

s1Uin ox.al••> by insez:tinv very t.bin glass capillaries 

1nt.o the inner canthus of rat. The blood 9lucoae was eati• 

mat.e4 1mmedl.e.te1y after c:olloct.f.on of blood. 

Blood glucose vas eat.U.at.eci by t.be rnet:.hod. of 

Sharma and sur ( 1966) • wh.leh is a rnodificat.ion of Asatoor 
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and Kla;s (19'64) Dethod. Th:1a methoCI omits pot.aes1Wit 

oalat.e in alkaline reagent • Optical dens1t. y of t.be solu

t.ion obtained wit.h arseno.pbospbomolybdat.e reaoent. was 

l"etad en t.he Bl1co-color11Det.er. The opt. leal dons1t.y depends 

on t.be teduein; power of the filtrate and gives en est.i·• 

mat.J.on of gl\lCose only. The resultn Obta~ned by thea~ 

mRhode are eimilar to thOse obtained with the glucose 

oxidase method • 

(a) 

1) 

f.rgara1;1on o,f., stoqk eolut1qn &nd,.!fO?;:~ng 

standf!d,!PAutton 

Prsarat&en of laot.ot,liF aodiwn sulmat.e co.EE.!£ 

ttMlp!)ct.e. ,S01$1og 

12 .s o of anhydrous sodl\18 sulphat.e (Analar) and 

s.1. o of cryst.alUne eoppc" sulphate (Analarl was 4J.ssolved 

1n 41st11led wat.er in a volurr.et.ric flask and volume vas made 

to one Ut.re.-

This was prepared by d1ssolv1no 10 ; of SOdium 

t.ungat.at.e J.n 100 ml of d1atilled water :Ln a vol\lnetric flask. 

The c:onoent.rat,1on of t.he solution was 10'.4. 

168 ; of anhydrous sodium sulr,.hat.e (Analar) was 

dissolved ·in 600 m1 of bo1l1~ watGJ;. The tJOlut1on was then 



cool84. Xn e beaker eont.ain.ln; 100 ml of dlst.illed water# 

24 ; of anhydrous sodium calbonat.e (Anal4r) end 12 o of 

Rochelle salt. were dLssolved. To the aboVe J:"eaQent sodium 

bloaz-bonat.e ( 16 g:) was added an4 dissolved. This solution 

was then added into the aoditD sulpbat.e solution and the 

vol\De made up to 1 11tce by using distilled vat.or. The 

oolut.ion •as filt.ezed a.ft.er alloWing to etand foX" 2• hours. 

100 9 of ammcm.ban molyl)dat:.e was diseol"ed in 

1900 ml of dlet.illed lUlt.er. To t.hJ.a 84 ml of concentrated 

sulphuric acid was a&sed drop by drop while st.1rrJ.ng conti

nuously. 12 9 of 41sod1um ort.hoarsenate was d1seolved J.n 

100 rn1 of d.f.st.llle!l we.t.er and 84Sed to t.he above solution. 

The solution was .t.naubat<td at 37 c for 48 hoUrs. 

tt vas prepured by dissolving 100 mg of glucose 

1n 100 ml of saturated benzoic aci4 solution. 

One ml ot st.ock glucose solution was dissolved 

in 100 rnl of isotonic sodl\D sulpbat.e copper sulphate 

eolution. 

b) atemtard curve for qlucose 

A ut of six tubes of eqtaal. heJ.;ht. and internal 
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diameter, o•1 ml (10 ug). o.~ ml (20 ug), 0.3 ml (30 ug), 

o.4 m1 (40 ug) , o.s ml (50 ug) and o.6 ml (60 Ug) of working 

standard was taken. Volume wae made to 2 ml in each tube 

by adding 1 sot.onic copper sulphat.e solution. For blank 

2 ml of isotonic copper sulphate was taken in a separate 

teet t.ube. Alkaline reagent ( 2 ml) was added into eaeh 

tube. Test t.\lbes were pleced in a boiling water bath 

for exactly 10 minutes and cooled sUbsequently by keeping 

under running tap wat.er • Colour was developed by adding 2 ml 

of arseno-molybda.te solution. lt. was mixed thoroughly and 

kept. standing for 10 minutes. Opt.J.c:al density was read in 

Elico-color!met.er at. 540 nm aft.er tJet. ting the blank at. sero. 
' 

The graph was plotted bet ween glucose concentration and 

optical density. 

In a 15 ml centrifuge t.ube containing '7 .• 8 ml of 

1sot.on1c sodi\Jill sulphate copper sulphate solution, 0.1 ml 

of blood was added. The eont.ent.s were mixed by rotat.ion in 

the palms and kept for 5 minutes to ensure eomplet.e dt.ffua .. 

ton of glucose from R!C. The non reduCing substances (gluta,• 

thionic et.c ) resnained in the RBC • o .1 ml of sod1 \In t.ung

stat.e was added and. mixed thoroughly. After few minutes 

t\t)e were cem.rifUqed at 3000 rpm. 

2 ml of centrifugate was taken in e. separate test. 

tube. To this 2 ml of alkaline reagent was added. The test 
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t.vbe was covered with Qlasa balls and suspended J.n boiling 

water bath exactly !or 10 minut.ea., TUbe was t.eken 01& 

and cooled t.o rootn t.emperGt.ure by runnJ.ng t.ap vet.er. 

To all t.he t.est. tubes 2 Jnl. of arsenouo11fbdat.e 

reagent was added and solution was mixed ~11 the effer

vescence ceased. Afte&" allowing to at. and for S mlnutos, 

the opt.J.oal densi~y vas measured. 

8. PROCBDVRE SJ!iPLOlED TO. INOOCB fROST SlTE 

The method employed t.o induce frooe bite wae t:.hat. 

dea1gned by Fuhrman ( 1955) • and Belaeubrattmanyan et. el ( 1963) 

Bor pJ:Od\1C'-1on of t.he cold injury the rats vee 

anaesthetized wJ.t.h eneethet.ic ethe~: and hind l1rrbs were 

immenetl upt.o t.be ankle 1n o freezing m.lxtw:e (ethylene 

Ql,col. water an4 alcohol, in t.h• ratio of 2t1tl end sol.f.d 

ciJ1'bondioxlde) t.o obtain the de.S.red te~ature. The 

&.1Dmel's1on was eont.1nuod for 5 minutes. Freezing waa al.waya 

indlcat.«t by ew!den whlt.entng of t.he ak11h The animals 

ver• returned to the cegea and no .-ernel. dZ'essinq were 

appUed to t.he J.njurec! feet. TJ;le percent ave of cold J.njw:y 

vent est.imat.ed in tour groups of animals cont.z:ol. insulin 

treat.ed, etrept.ozot.oain t.reat.ed and glucose fed. All t.be 

ardmal.s were •xs:oaad t.o cold .l.njury on. the same dey. lfhe 

tfreeaing t.em~tature used waa •10 c tor studies on t.be 

effect:. of insulin and at.rept.ozot.ocift and •23 c fo.- et.UtU.ee 

on the effect. of 9lucose feed1ft9. 
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9 • STATISTICAL iN ALUATION OF THE OKrA 

All t.he data pneeQt:.ed in th1e dissertat.ion have 

been st.at.lat.J.cally cwaluat.ed and given aa mean and st.anda.rc! 

deviation* ealculat.ed by tile following fos:mulae. 

X -X 

n 

• 
• 
• 

s~J.on for all.values of X 

the lmUvJ.dual value in t.be sample 

the mean 

m.lbber of e.nltnale 

~tp!ent. •• t. tep 

Gosset. (pseudonym et.'t.lde~) dwieed a test:. t.o evalu• 

at.e the si;nl ftcance of t.be dlffereftee ltet.ween two meana. 

• 

.... t. • -xl • 
~ • 
s.s1 • 

• 

- E" X • ~--' . 1 

a value Used t.o det.ermine prObabJ.Ut.y 

the aan of cme group of data 

the mean of second group of det.a 

· the at.aodat'd eJ:".cor of t.he mean of 

the first. g~ 

the Gt.andard error of t.ho man 

second qroup 
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Using t.be t. value in a table of tn:.u.dent. • a d\at.~1 .. 

bution one det.ermiftes t.be pf:ObabJ.Ut.y •p •. The d8Qre& ot 

freadoln for obtaining t.he •p• was (N1 + N2•2) Wlhere N1 and 

H2 are the n\lnber of anlraale oae4 1n t.he two 91'0\Q>& under 

teat.. 

A •p• lee• than .• o& is uwal.ly corud.derad to be 

GJ.gnl fieant. 1 t.hla means that there ere less than five ehances 

out. of 100 that. • d1 fferen=e bet. wean t.he t.1110 anoana of the 

1n41cat.ec.i magnit:ude occurred by chenoe. 

It! t.he dat.a f1t i~o tbe · yea •nd rio cateQOry, t.he 

cblsquare t.eat of a1gn1f1cU1Ce la used. ~he calculnt.1on is 

• 

absented ll\lllber of first. group 

expected number of first group 

(~))served n\lllber of second group 

~ed nl.Dbe of ·second group 

The .-pect.ed l'IW1bc is ba..S on ~he null hypothesis 

t.bat. there is no 4.lff.-ence l;)et,ween tbe t.wo oroupa. 



'fhe graph of t.he regnae.ton equat.J.on is the at.rai;ht. 

l.lmt. TM general equation of a ~&"ai;ht. line wJ.t.b Jl as t.he 

Ln<Sapend.ent. variable iss 

b 

• 
• 
• 

-· b 
repreaent. a t.he elope 

the ol'<Une.t.e of~· po1nt. when t.he 

line c.couea the Y ald.a. 

• denotes ~e dependent V8l"#.eble given by 

11n.e. 

The values of • end b wn calcuJ.et.ed by t.he met.hod 

ot leaa aque.ns. tf t.he GJ'I)Ot.hed c\U'Ve is to be et.raight 

line then 1c baa t-o paranwt.o.-s • • and b. The 8\118 of t.he 

~ d•.tat.J.one £1."010 We Une ie to be as errall aa 

poaalble. hence the aerr.S.• at.i ve o£ •h1• ... wl'-h .-espect. to 

a and b equal aero • 'l'hWI we ot;t.aln t.tJO equat.lona for deter• 

lld.n.tn; paramet.u• • and b • 

• 

When N .1.• t.be nanber of obse.rvatJ.on for t.he at.ra1g:bt. 

line a .,. Obt.ain t.he equations • 

• 



RESULTS 
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1) Mul~ rat.a 

ln M~lycem.t.c ~~"•• the bOdy temperature .S.ncr-eeeec! 

with t.1me and levelled off t.o 43.64 t 0.55 aft.er 40 lllinutes 

at. sac (Fig .1). After 6Cit.h minute there vas a fall 1n 

body t.eaperat.ure end at. the end of 90th tntnut.e 1t. was 

43.42 t. 1.01. In tbe glucose fed rate the rise 1n body t.em

perat.ure wae at. a h.lgber rat.e t.han t.he nor:rr.ovlyeemlc controls. 

It. at.ab111~ed & 44.42 + o.ee at. tbe end of •o mtnutea'h . .. . 

There vae no tendency for t.he body t.emperat..ure 1:.0 fall after 

t.he 6oth anlnute. The body t.e~fiPerat.ure aft. or BOth mlnut.e 

was ••·89 1 1•34• Difference J.n t.he body ~emperatu..re bet.ween 

t.he conu-ol and Qlucose fed rat-e was st.at..l.st.J.oal1y s1gnifl• 

cant after tOt.b (.p ~ .ol) as weU aa after 80th m.t.nute tp <.•01) 

of fnCJ)Oaure at. 38 c (Tabl• l,see P• 61) • 

During exposwre t.o high 811lb1ent. t.emperat.w:e of IS c. 

both the control and glucose fed rat.e shoved tendency to 

increase their rectal t.errperat.ure (F .lg.. 2) • There wa• no 
in 

ten4eocy for t.he T:re to fall/ noJ:U.IC91JC•1c youn; tat. a 

as was t.he case w1t.h no~lyc8111i.c adult. tate. Tr-e after 

40th mJ.nut.e of exposure in control and glucooe fed r:ot.s •• 
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I'BD (0) A.IJJUf AATS JfOLLOWIKJ EXPOSURE 
-to Je c. 
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42~0 !0.16 

4~·60!,.0.55 · P• < .01 

ttd~o.es 

... 9~1-19 

··5!!,0 .. 52 

41·5 •1·0 -

p <.•01 

• ... 



4o.os t. o.tJ and 39.90!. o.?e &"espect.lvely. 'fre att.e~r 

SO tri).nutee of a.ponure to JS c J.n control and ;1ueoae fed 

rats was to.eo 1. o.96 and 40.69 1 1.29 r:espect.lvely. Tbe 

&ffererace bet-ween two., nowe1rer, was not. st.at.J.st.1ca1ly eignJ.£1-

cant. after 4ot.b an4 80t.h minute o£ eapoeure (Table a, ... 
p-tJ) • 

ln norttoglycemic l'ats t;he body t.empeJ:~at.\'&re lncftasad 

wJ.t.h t.ime and levelled off t.o 43.St t, 1.s1 eft.er 40 minutes 

at. 39 c. The T re ln et.rept.ozotoc1n t.reat.ed tats after tO 

mlnut.ee of o,q,osura was U .. 7S!. 0.48• Xn eont.rol rate, Tre 

t.ended t.o 6eel1ne aft.er so mlnut.es tr .t.g. 3) • Tbe nct.al 

t.euperature aft.er SOt.h minute of E»CPP&Ue ln control ond 

strept.ozot..oci.Q t.~ed tats was 44.92 t 1.19 and 45.58 1,0.!2 

respec:t.ively. The difference bet-ween tho two waa stat.istl• 

eaUy sion1f1e81'lt. aft.e&" 40th (p <•Ol) ard GOth (P<:•01) 

minute of expoaure t.o se c (T: able 1 # Gee p-tl) • 

In nOl!'IDOglycem.t.c ro-e, t.be body t.eCJperat.ure 1ncreaaec! 

vlt.b ~1• and contJ.nue6 •o so minutes of exposure. After 

that there was a decrease .tn rectal teaperat.\lre (Fig. 4) • 

Reot.al teq,ezrature a&er •Ot.h ll!inut.e J.n contJ:Ol anr! insulin 

tl"eat.ed rat.s was 42.0 ~ o.s7 and 42.o!.. o.76 respectively .• 

The dt.fference was not. ot.at..\at.J.cally s1Qntf1e~ • Rectal 



PIG • 3 RM"B Of INCRBAGB 09 RSCI"AL TEHPBRA.'l'URS 
(Tft) IN lfORJ«)()LYCSMEC (N) AND STREPl'O
ZO'fOCXN TR21'4'SD (SZC) Atlillr RATS I'OLLOW• 
IlfQ EXPOSURE TO 38 C. 
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no. • RAT& Of lNCRSASB OF RECTAL TEMPSilA'l'URS 
(Tft) IN NOruolLYCSMJC (N) AND· INSULIN 
TREAT £1) (I) AWIJl" RATS FOLLOWING EXPOSU RS 
TO HBAT. 
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TABLa 2. 

Insulin 

Noma! 

Glqcose 
feeding 

RltCTAL TEMP~'\TUQB. AT tci'H AND 80fK Kl:mtr:S 01' aPOS'OM TO 38 C IN YOUIG RATS 
J'OLLOWING DiFF&Rilfl TR!"J:ft:EMfS 

.... Slgnlflcance 

6 

6 

5 

s 

58.331 f>-16 

sa.&?+ s .. s, -

48.9 • 6.12 -.,.6 t. &.24 

41.5. 0.39 -
•2.o 1 o.tt 

to.os ~ o.9J 

u.to + o.1e -

-

.0.60 !. 0.96 

40.69 + -1·25 

-

tf8 

• w 



~etperat.w:e after ao t.h minl&e of ec;poe\U'e in cont.rol end 

insulin troat.ed ~re.t.s was 41·5 !. 1·0 end _43.41 !. o.ss. nspeet.

ively (Table 1 « eee p..tl). The difference bet.""" two 

was st.att.at.ieeUy s.tvnificant. (p <. ·01) • 

U) !,oung, ~at.! 

The rate of rise in Tre wae GJ:)out. t.be same in insulin 

t-roated and ~he cont&'Ol rat.s (V1g. 5). The average Tre after 

to th mt.nv.t.e of exposure 1n control and insulin t.w:"ee$ed rats 

wae 41•5 i o.S9 and 42 .o !. 0.91 :-sspect.J:voly (Table 2, see 

p.-43) • The d1 f ference bet.weon t'WO was not st.atistlcally 

slonJ.fS.c:a.nt. • 

on expos~ to 39 c the ror=tal temperature of t.he 

contml as well as experimental an.\rr.alo ~ec:t 11nearl y 

w1tb t.lme (J'io. 6) • The re;,reseion 11ne of t.he ver1at.lona 

of Tre against time, as det.emined by t.he method of loaEst 

equare, yielded a high coeff1c1ent. of con-elation. Tbe 
' 

va.1uea of the constants b ana • and of t.be coeff!eJ.ent. of 

cor.relat.1on aro given in Table a (see p-45) • The elopes 

of.! t.be two 11ne3 waa found to be statJ.st.J.eallp slgnJ.fic:ant., 

w1~h t.he Uae foJ: norftl()tJlycemic anima1s occupy1n; a lover 

poatt.lon .• 



rm. 1 RATE OJ' INCRBASB OJ? :aECrAL TU1PERATURB 
(T n) IN NORMOGLYCEfaC (N) AND INSULIN 
TRSATBD (I) YOUt«i AA'l'S FOLLOWING BXPOSUU 
TO 38 C. 
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.•. ' RA'l'S 01' lMC:HU.)NJE 01' RECTAL TBMPBRATURS 
(T .r:e) 1M NORMooLYCSIUC (N) AND lNSULIN 
TR&Nl'BD PWO GWCOSS I'll) (I + G) A1')tJ1JZ' 
JW'tS POLJ.DWXlG &XPOSURS TO 38 C • THB 
LINES ARE DRAWN lttOJll THB RmRESSION 
BQUATlON ,. y • b + ... 
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#fABLB I• V AWlS 01' THB CONSfANTS a AND b, AND 
COUJ'ICIBNl OF CORRBLATION r, ttf., THB 
RIDRESSXON EQUATION y • b + - fOR 
CONrRO~ (C) AND INSULIN TREATED PLUS 
GLUCOSE P£D ( %40) AllUlJr RNfS SXI?OSBD 
TO AN ANt BNT 'r&K>BRATURB OP 38 C. 
WHSRB X IS THB TIKI. IN lUNUrBS AND y 
%8 'tHS RECtAL TEMPERATURE :tN C. 

e sJ.qniUcance 

c 

p <·05 
l+G 



t6 

Sl'SMN S'tNt'& RCC'rl\L TBJIPEQATUREG AT D:tFifi:;ttBNr AMBIENt 

TE.~ERATURE.3 lN NORf!OOl.llCEMIC HrPOOla'fCEMlC ANti 

HYPERGLYCEMIC RATS 

Tbe steady at.at.e t.en:perat.ureo of 9lucose fee!, st.rep

tozot.ocin tteated anti insulin "r:eateci animals ~sed t.o 

ell'bient. t.emperet.\lfta ctf 15.- 25* J2 and 35 c ore given in Tnbles 

4 ,s ,6 am ' t see J>-47 t.o So ) along w1~ l;a.J.Uee of t.be 

nonaool,cemJ.c controls. The values of Tre wen nat sifJl\l• 

ficent.ly different. in t.he hfPElt'Ql.,cem.t.o rats as conpared t.o 

thoJte of the conti"'ls et all tmte amJ:>le~ t.emperat.ves. However. 

t.he 1nsul.t.n t.reat.ecS animalo had s19Jllf1eant.ly lower bOdy t.em

perat.ur:e as cOttpued t.o cont.I'Ole at all t.he fou:- atrblent. t.enp

erat.uree. 

a) Glucose ~e4 ~~~ 

The rectal t.errpc~ure fell llneac-ly t~1tb · t.J.me J.n 

noOXJQlyc4!1mic ee well as 1n bypergly:emic antmals (FJ.g.1) • 

Tbe regreoa1on Unes of t.he "Blues of cr .:e agaiftR t.1me 

gave hloh coeff.t.ci.ent. of conelat.lon in co~ro1 and treated 

anJ.mals. The "alues of a and b anc.1 of t.he coefficient. 

of correlation ere aboWn in Table s , ... p-su. The differ

ence b$ween the slopes of t.he two 11nes was IJt.&.t.st.leelly 



rm. 1 RATE OF FALL OF RBCrAL TBitPERATURS 
(Tn) IN HOIU'.OGLYCEMIC (JJ) AND 
OWCOSB FSD (G) ADUUl"S RATS BOLLOWUG 
BXl'OSVRE 'tO -20 C • THB LINES AR£ J)QAWN 
PRlM TaB aa:JRD:lstON EQUATIONS f • b-ax. 
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Cont.ml 

Insulin 

Control 

Glucose fetl 

SIBAJ)!' BrA'fB Retl'AL T~URS (T¥"el Ia 'T a OP lS C I'OLLOWXNG 
MRBRSN! TRSla'JI'J3N'.rS 

5 

I 

I 

5 

5 

5 

a.w. 

151 t 9.1, 

110.6!. 8.41 

156.8 :t 15.22 

158.2 ~. 14 ·41 

1'74 .. 2 + 12.50 - . 

176.91,. 15.19 

u .. zs t. o.s, 
l' .ss !. 2 .33 

38 •. 15. 0.65 -,..,s 1 2.59 

3'7 .25 !. 0.43 

37+ , 1. 1.11 

signtUcaace 

NS 



TA8LS 5• Sl'EIWY STAT& R.U:TAL t"&WBRATURB ('tre) AT Ta er 25 C FOLU».JING 
DlFVER.SNT Ta&f4' •;&;t.r S 

CoDU'Ol 

szc 

Cont.rol 

lnsul1D 

cont.rol 

Glucose fed 

H 

6 

6 

6 

6 

5 

5 

17t. + 11.64 -
11).60. 15.47 -
155 ·CO!. 12.65 

159 .GO!. 10.85 

145-~ 12.90 

145·~ 12.28 

37."10 '1 1.49 

11.45!. 1-59 

3'7 .46 !. o.43 

34.13 + 1·13 
. -· .· 

31.55 :t 1.30 

31.10!. 2.03 

NS 

.. 
CD 



TABLB a. SlSAt'Jt Sfla£ A3CTAL TBWERA?URS (Tre) AT lfa Of' 32 C SOLLmlllG 
Dli'I'ERSNr 4fitl'!.ATb:mflS 

-------------------------------------------------------------~-----------------

Cont.J:DJ. 

lnsullA 

Cont.&"'l 

Glucooe feet 

s 
5 

6 

6 

s 
s 

169.61.. 6.90 -
. 169.61 + '6.80 -
112.20 ~ s .. es 

-.~g 1 0.25 

39 .. 46 • o.as -
39 .. 25 + o.sg 

.. -
36.55 t o.s .. 

p <·001 



-
1"A9LB 1• Sl'EN:)Y Sltlr3 ~AL T&~SRATtaE (Tre) "£XllOSBO 4t Ta Oi' 35 C .VOLLOWtra 

DIFI£RENf TR.BATt<:aBS 

cont.zol 

Inaulltl 

Cofltrol 

G1UCOSG fed 

s 
s 

5 

$ 

5 

5 

a.w .. 

161.90 t, s .oa 
162·00 1, 6.28 

180.20!. 13.SO 

182·60 !. t• ·6' 

116.00 1 9.62 

116.20 .. g .60 -

42.85 !t 0.29 

,2.ss ~ o.s.a 

t0.15. 0 .. 35 -
to.as + o •• , -

p <::_.05 

NS 

----------------------·---------------------------------------·------------------

tft 
0 



TA8LB 8. VALUSS O'P THB CONSTANrS a AND b. AND 
COEft'ICtENr Oi CORREl.ATlON • Z' Dl TMB 
Ra:JRESSION EQU~lON y • b • ax J'OR 
CONTROL (C) AND GLUCOSE PED (G) ADJJ8 

c 

G 

. RATS SXPOSBD TO AN AMBIENT 'l'BMPBRATURB 
01' •20 C WHERE • IS THB TIME lN MINUTES 
AND y 1S THB Rs:t' AL TJ.U5PERATURE lN C • 

• 

51 
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alQnJ.fJ.cant., ~he 11ne for glucose fed antmals occupying 

a higher poe.t.tt.on. 

11) Yp119Sf rats 

on. eHpOsure to •10 C. th• Tn fell with time J.n 

curr!Unenr manner 1n both t.he eontco1 end glucose fad 

C"at.a (FitJ. 8) • The averStiJe t.1me tAken for Tre to reach 

21o) c wae 39·11 %. 11 •• 9 mlnut.es in c011trol rate aDS 26.16 '!:_ 

.\.61 in glucose fed rata ('i'able 9, seep-53). The dl.ffer-

ence of 1S.Ol mi~ea was sta.t1st.1cal1y a1gn1flcat* tp ~ .. oou. 

The rectal telllperat.ure fell l1n•arly v1~ t.lrDtt in 

normoglycemlc as well ao 1n diabetic animals (lflg. 9). ,.he 

regrea•t.on linea of the values ot Tre against. time gave high 

coefficient of correlat.ioa in eontJ:Ol and treat.e<l an.t.mels. 

The values of a and b and of tt.he coeff.\clent. of ~relation 

ate shoWn in fJ'eble 10 ' SGe P- Sf). The difference bat• 

ween the slopes of the t.wo 1J.n.es was st.at.1st.ien11y d9n1f1• 

cant. • t.be 1J.aee of stroptozot,CJCin t.l'eated anletale occupying 

a lowtur poalt..lon • 

c) BJfect. of 1nf!!l1n hypgqlv:~ on E•'te of fall, og 

f"!Qtal t!!!P!ratur!, (T ret on, expoeure. t.o •20 c 

~be linear fall l.n T re waa with . ·t.lrne tn llormo-
' 

glycemlc aa wall as in hypogl!Cemlc animals 1a ..-.O'tln 1n 

r lg. J,O. The regression lines gave high coeff.lc1.,. of 



••• 8 RAT& OW BALL 01' RECTAL T&WIRATURB 
(T n) tN NOR)'A)QLJCSMIC (N) AND 
OLVCOSB J?BD (G) YOVNQ ruf'IS FOLLOWltG 
SXPOSVRS TO •20 C • 
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1'10. t RATI OF PALL OF smctAL TSJ(PEtUa'URB 
('1' re) tN NORI'.OGLYCSMIC (N) AND 
STREPTO£O'.l'OCIN TREATSD (S?.C) ADULT 
RATS J'OLLOwltG EXPOS\UU:.: TO •20 C • 
TKB LttmS MB DRAWN FROM THB REGRESSION 
EQUATI.ONS y • b-aa• 
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'10 • 10 RATI OF PALL OF RSC.TAL TSMPBAATURB 
(T 1'8) IN NOtUCJQLYCEMtC (If) MD 
INSULIN T'RSifl'BD (I) .M':ULT AATS 
i'OLttOWltG SXFOSURB TO •20 C • THB 
WNSS ARK DAAWN i'ROM Tfl£ RmR&SSION -
EQUATION y • b-aa-. 
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Youn; rat.s 
(Cati.U'ol) 

olueose fed 

Slgnif.lcance 

6 



TABLB 10. VALUBS OF 'l'H& CONSTANrS a AND b. AND 

-. 

c 

• COUFICIEMl OF CORRBLNl'ION , r %N TH& 
R.iDRBSSlON BQUATlON y • b • U roa 
CON'l'ROL (C) AND STREPTOzctrOCIN TREATED 
(SZC) ADULT RATS EXPOSED TO AN AMBIBN'l' 

TBMPSRATURS OP •20 C WHBRB X .IS -niB 
TIME Itf MINVrES AND y IS "tHB RSCl'AL 
TBI'RBRATURB IN C. 

a 



II 

001:'relat.ion 1n ~1 ycCII.e COI'It.I'Ola and hypogl.ycelc 

animals. Tbe values of a an4 b end of t.he coeff1c1ent. ol 

con:-el.at.ion ue ab.ovn l:n Table 11 ( ... p.56). The line for 

insulin treated animals vas et.eeper than t.hat. foJ: t.he con

trols. aD:1 t.he difference between t.he two alopes was a1Qn.l• 

fic:an•• 

d) !~feet. of aWes~ a ,,.inq elue &gsuUn are•!!D! 
an rat.• .21, fall. of !!SSf1 t.!!JI!£&1£• ST N) OD 

!!eQSW:it_ t.o -2Q .s 
The x.ctal temperat.uzoe ('lee) w.ae l.tnearly relatecS 

to t.llne in controls as well as in glucoH fed plue 1neultn 

treated animele (F19. 11) • '.rbe l'e(lnae1.on lin•• of the 

values of Tre aqalrast. t.ille gave bJ.gb coetflc.lent. of corr ... 

lat.lon in ccmt..col and t.reat.ecl ant.rnale. The veluee o! a and 

b and of the coetUcJ.er& of correlat.1on ar• &~wn in T eble 12. 

(- p.5'7) • The dt.tfenncc baween the elopes of the two 

linea wu at.at.i.at.1c.al1y aS.gnif.lc•r&• The lin• of glUCOH £e4 

plue 1naulJ.n treated 6D1J:.nals OCC:\lPJitd higher pos.lt.J.on ae 

eourpat'ed t.o t.he cont.zola. 

aw CRrr;cAL REAL T~&RA.TUR.B. AT. THE TX~B 01', DF:Kr~ 

f2¥-0llll!G BXP0Sl.l!9f,TO •29 9 

Mean cr!t.leal rectal t4111JPCd\lft (C Tre) ie ~. rect.al 

t...,_rature at. Vhioh 4eat.h occured vae eatiatat..S for cont-rol 

and t.reat.ed animals by t.he follOW1ft9 equot..t.on• 

CTa-e •b•·at. 



1'10 • 11 RAT£ OJ' I'ALL OF RECl'AL TSHPBMTVR& 
(Tft) %H NO!Uo~XiLYCSMlC (N) AND 
INSULIN TREATED PLUS GUJCOSS rm 
(X + 0) ADUI;r RATS FOLIDWIIIJ 
BXVOSU RB TO -10 C • TH.B LtNBS ARB 
DRAWN I'ROM TR& IUDRESSlOH EQUATION, 
y ........ 
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,-ABLB 11. VALUES 0&- THS CONSTANTS a MD b, AND 
COEITIClBNT OF COR.RBJJ(1'10N , ~, IH TH& 
RBJRBSSION BQUATIOH y • b -ex lrOR 
CONTROL (C) AND INSULIN TRIU\TED (1) 
ADUtJr RATS EXPOSED TO AN »a:JIEN't 
TBMPERA.'l'URS 01' -20 C • WHERB X IS 'fH& 
T%1-Z lN MINUTES AND 'I IS THB RECTAL 
TBWBan.rt.ma IN C • 

• 

c . JS •. l.tl7 •.-3909 



'I'ABLB 12• VAWBS OP TH& CO.NSTAttrS a Nm· b; AND 
COUi'lCIEifl" OJ' CORRSlJaiON I .. I Ill THE 
RIGRE3SION EQU~lON y • b -ax POR 
CONl'ROL (C) AND INSULXN TREATED AND 
GLUCOSE l'BD (I + Q) ADUUl' RATS EXPOSED 
'1'0 AN »i.S!Fal" TEMPBRATUR.£ •20 C • WHSRB 
lC IS THS TIME %N MINUrES AND y IS THB 
RECTAL TEWEAATURE IN c. 

a S1gnif1eanee 

c 
P <•OS 

1+0 

,, 



sa 

Wbttre t. io the mean survival t.iloe and a and b 

4h conet.ente !.n t.be tegl'e:Jelon line nl.atln; Tre to 

t.lfae. The values of e TJ:"e fOr norcovlycelllic:" glucose fed. 

at.rept.osotoc1n tzoeat.ect, in&lilin treat.ed and glucose fed 

plus insulin t.reat.ed ~ate are given in Teble 13 (He P•59). 

1) Adult. £~s, 

Meaa S\U'V.1val t.11le under cold Gtreae ( •20 C) was 

12 t 2.00 ln glucose fed rats and 61!. 2.14 tld.maes 1n 

eonttola (Table 14. see p-60). The increase of 10.83 in 

sw:vival t.1me of glw:oae fed rats was stat1sticaUv s1gn1• 

ficar& (p <•001) " Hyperglycemia prod.ueed by glucose feed·· 

in9 therefore. inoreaseo tolerance t.o cold. 

-.n ~~lval t.Uie was 90.22 !. 14 .as minut.ea J.n 

olucon fed rat,s ..-ond to heat &rea& ( 39 C) • on the 

otbu hand. none of Cbe cont..rol r.at.e died &arlng the 150 

tnlmtt.ea of obeowation (Table 15. Gee p-61) • Tbe differ

ence between the tt10 was et.atist.1c:ally eigniftcant. (p <•001). 

J.1) ¥.,og . e\! 
l'"aean survival tJ.mo was 50.16 ~ 11.6? mlnutes 

in glucose fed young rats ~sed to cold stress l•lO C). The 

control rats fNI.'Vived for 66.11 !. 10.40 minutes (Table 16, see . 

P-82) • The csecreaa. in survival tJ.cne of glucose fed rat:.e by 
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'fABLB U. MSAN CRl'llCAL RECTAL TDP&RATURB (C Tn) 
Nt THE 'll: ME OF DENl'li FOt.d..OW INCJ EXPOSURE 
To -ao c. 

Cont. c-ol 

szc 

Cont.rol 

a lucose feeding 

Conti'Ol 

Olueo• plus %nauUn 



Conuol 
. 

szc 

Control 

o lucose ff.d 

·Cont.zol 

Glucose plus 
insulin 

6 

6 

10 

10 

' , 
8 

8 

t50dO+ a.u -

15S.20 !. 1.49 

tst.eo + 3.11 -
196.61 !. 17 ·26 

199.50!. 11.36 

202.00 + 18·85 -

51.10 .. 2·11 --
45.30. 2.91 --
61.1? 1 2·14 

12.co • a.co -
c;o.ss !. a.so 
11.1J • 1·89 -

Slgra1fJ.cance 

p <·(101 

p <-001 



TABLa 11• SURVIVAL 'IDIB IN AWI4' RATS tuRtNG aPOIIIRB TO 38 C 

-----------------------------------····------
Noaaoglycallio 

Insulin 

tlOJ:JrOql JCemic 

Olucose 'feeding 

.·NODDOgl ycemlc 

l ntmlln plus 
Glucose 

1a 
12 

9 

9 

6 

6 

J.o?.eo 1. u.sa 
168.00 !.. 1.2 •• 3 

183.38!.. 11.82 

183.22 + 9-42 -
166.38 + •• 56 -
166.56!. •·•e 

150 m.to 

?1 .. 25 + 11· 13 mt.n - . 

150 mln 

90··22 !,. 14.35 lftin 

.110 mtn 

91·.83 • 18.28 min -

p <·001 

• .... 



Ccmt.rol 

G.lueoae 
feedlng 

II 

6 

6 

to.J-31 2·» 
to. o• ·a.12 -

66.17 !. 10.40 

$0.16 1 11.61 

• w 
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16.01 lnin\lt.es wae .stat1et1enlly .significant. (p < .ool) • 

Thus~ glucose feeding in young .a.nlmale deorcases t.ol.erance 

to cold. 

At an .abient. ~empel"at.ure of as c. t.he me.n survival 

t.lme of c:ont.rol and glucose fed .rat. a ns 112 .&o !. 24 .,o and 

101 .. 80 '! 21·41 ml.rNt.es respectively (Table 17, see p-64) • 

The dl fferenae between tw wao st.at..f.sticall y e1gn1f1c:ant 

(p <(.001). 

~~teen 11urv1va1 t.1me under cold atrees (•20 C) was 

''•11 t 1·9~ 1D: t!Jt.reptozot.oc.ln t.reat.ed r•a &ncS 60.6'7 1. 

1.11 ainut.ea J.Q. oontcol J:at.e (Table 1•, aee p.-60) • The 

deere•• in •nu:v1val t:.ilrte of st.rept.ozotoc1n treated rat.s 

by 13·5 atmates WtilS st.ot.1stlcelly s1gn1f1eant. (p <•001) • 

Tb\ls" stJ:ep~ozotocJ.n 'treated r•t. o showed less tolerance. 

Meen ewrv1val time was '7S .ae !. 13.64 minut.es in 

ftrept.ozot.ocd.n t.reat.ed rat.e exposed t.o heat et.reae ( 38 C) 

and 86 !. 9 .st mJ.nutes 1n controls ('1' able 18, see p--&6) • 

'rhe difference o! 10.11 DJJ.nutee wai1 e1qnif1c:ant. st.atist,i

cally (p <.•05). All the atrept.o:ot.ccJ.n traat.ed rats cUed. 

!n cont.roJ.s f1Ytt out of sevon animals died and the ot.her t.wo 

SUC"Vi:ved durin; the lSO minutes of observation. 

a) t11Vt rat.e 

Mean nrv1val t.J.me under cold et.resa (•20 C) wee 



N 

Nol:fllO\IlJCeie 6 S8.J3 + 5·16 
~ -

1osu11n 6 58.61 + s.w -t.~ 

MOI'1fl091Jeezd.c s 49. 9 + 6.12 -
Glucoae 5 49. 6 t 6.2. 
feedin9 

&udlval t.J.ae 
at. 38 c 

86.11 i 14-.14 IdA 

$8.6'7 + -11.64 ~ 

112 .~o t 2• ·2' :ldn 

101.90 ... - 21.41 mlD 

p ~.001 

p ~-001 



a.w. s~ at 38 c 

, 
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''·10!, 1•11 N.nut.es in com.arola and 4S.JO!_ 2.8?' ld.nut.es 

in lnsu.Uo tl"eat.ed rata (t.rable 14 ~ ...... p.-60). Tbe decrease 

of 12._0 minutes 1n survival t.lme of 1naul1a treated rato 

wae statlst.i.cally s.lgniflcant. (p <..001) • Mypcgl.ycemia 

p.r:odueec! by J.nsul.t.n t.hU& • decreases tolerance to cold • 
• 

Mean 8\&t'Vlval Ucne was 14.2$ !, 11.13 atlnut.es 1n 

lnaulln t.reat.ed rats exposed to heat. stress ( 39 C) • on the 
- -

other band .• none of t.he control rat.s cUed d'uring t.he 150 

aJ.m&es of observation (Table 15. see p-61). The difference 

we• sta.tist.ieelly &lgnificant. (p <.·001) • 

b) 

Mean 8-'t.ar\IJ.val t.J.me of cont.~l and insu.JJ.n treated 

young rata expoae6 to boat. stress (38 C) was 86.1? 114.44 

mlmatea and 58.6? !,. lle64 Jd.nut.es respect..lvoly (Table 1'7 ~ 

... p-&•) • The decrease J.n survival t.J.~ of 1nsul.tn treated 

rat.e by 27 •4 m1nute:J was et.at1st1cally e1gnif1ennt. (p <. .ool). 

~Wi'f:9& OF, ~NS~SfXN·. ,TREAT~t'.r;tl.f, fLUS G,LUCOSE FEEDINg ,Of! 

t:lJ~ :fqL,fiatCS 

M•en eu.rv1val time under. cold stress ( •20 C) was 

11.13 i 1.89 snlnut,es in glucose fad rats tr:eot.ed with insulin 

and 60.38"' 2.so ml.nutca in cont.role t.reat.c4 with eel.S.ne - . -

ttteble 14,- aee p..-60). Tbe 1nct'eaoe of 10.'75 m1nut.es in 

survival t.ime of glueoso fed plus 1neul1n tnat.ed rats was 

statiat.ieal1y .a1gn1fieant (p <•OOl). 
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Mean wrv1vaJ. 'hie was 97.83 !, 19.28 minutes J.n 

1nsul.tn t.r:eat.ed rat.e plus glu.cos fed rate exposed t.o heat 

et.ress ( S8 C) • on t.he ot.het band, none of the controls 

died ttur1nQ the l!O minutes of observation (Table 15) • 

Tbe dlf~crenco bet.weeJ'l t.ho two was stat.1et.J.cally s.lgl\1f1c:ant 

(p < .001). 

StlSf!EPrXftXLrrY I Of NOiUCGLJCEMIC ewcosE, FED, . sra&PTOZOTOCIN 

CZRtt.ATED Am> INSULIN TRSATED AtlltlALS TO_ LOCAL COLU Ii~R~ 

on exposure of t.be Unt>s t.o •23 c • nine out of. t.he 

t.en nol'I'IOglycanio animals and five out of ten t.he glucose 

fed antl'bals dG'Yel.oped frost. bl.t.e. The lower· J.ncJ.dence of 

fro8t bJ.t.e in glucoee fe4 animals e& comp,u:ed to the normo

qlyc-'c cont.:olo was atat1at.J.cllllly significnnt. ('l'eble 19 1 

see p.-68). 

On expooure of animals t.o •19 c t.tu:Qe out of ten 

no~lycecd.e anilnals sustained cold injury. On t..he other 

bend, l.n the case of insulin t:reat.ed and st.rept.ozotocJ.n treat• 

eel en.1r.oals etoht of ten MJ.IDals developed cold J.njw:y 

(Table 20, aee p-69). The <Ufference wee st.atistlc:ally 

81g:nif1cant. • 
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TABI.& 19. IMCXJ:SNCE 01? I'R09rB%'rS IN THB GROUPS OJ' 
CONTROL (C) ANI) GLUCOSE FED (G) ADJ14" 
RATS ON &KPOSURE 01' Lltas TO l?REEZilG 
MIXI'VRE (TEMPER14'URS • 2S Cl. SIGNii'l• 
CANCB OF THE DIPFEULCE SErWBEN THB TWO 
GROUPS \-4AS DEl'ERJaN£1) B!f CHISQVAR£ · 
MErHOD (fiSCHER •a EXAT ..:rESt) • 

T reat.u:ent. do. with 
!roat.bit.e 

c 9 

G 

No • WS.-hout. 
trost.b:l.t.e 

1 

5 

~<. o. o7 
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TABLB 20• INCIDENCE or I'ROS'tBITI XH INSULIN TREATED 
(I) AND 8rRBPTOza.rocXN 'IRENl'SD (SZC) M 
COMPARED TO THB COm'ROL (C) ON EXPOSURS 
OP THE LINS TO i'RBEZING MIXI"URB ('l'BMPBR• 
ATURS •19 C) • SIG.NlFXCANCE Oi' THE Dti'PER
ENCE Bi.TWEBN THE TWO GROUPS \iAS DSl'BR.MINED 
BY CHISUUtu\13 MSI'HOD (ftSCHER 'S EXAT ~Esr) • 

T reat.ment. No. w1t.b 
tr:oet.bit.e 

No. wi~ 
la:ostbi.t.e 

c 
l 

szc 

3 

• 
8 

' a 
2 

p < .o.oss 
p < .0.035 



?0 

was found to be 96.,8 1 7.40 «ng/100 tnl of blood at a 

1\fNtJ:al t.emporatw:e of 27 + 1 c •. It increased to 150.-33 + - . . -
1.33 ~~g/100 fill on exposu.re t.o cold stress \ •20 C) for:' 

30 mLnut.ea (Table 21# sea p .. ?J. end F1g.l2). The change J.n 

blood glueose lovel tJ&s st.at.J.stJ.eally algnifieant, (p L.. .col) • 

A Mean blood glucon level of 96.?8 '!. 1.40 mo/loO ml 

et. a neutral t.•perature of 21 1 1 c fell to 26 !. 2 .26 ~ 

hour aft.er insulin treatment and subsequently rose to 46.67 !. 

13·29 ana 91·6'7 t, 19.66 s t.he end of second and t.h1J:d hour 

reepeotlvely (Teble 22 # SeG p•72). .In ~mnls exposed t.o •20 C 

one hOur eft.u insulin 1nJect.lon t.be craan blood glucose lff'Vel 

rose frcrn 26 1 2•24 t.o 61.09 t 13·39 119 " aft.er exposure to 

cole! for so mJ.nut.ee ('1' able 21 end Ptg. 12) • A.lt.hOu;h, 1n 

insulin t.reet.ed enJ.eals t.be mean blooc! olv:cose level after. 

t.be first. bo\Sr J:"'M at a much higher rate at. •20 C as C:OSl'f;)&:red 

t.o t.hat. at. 2'7 !. 1 e t.he value at t.he encJ of 30 trd.nut.es 

expowre u. cold is ltUCh less Ulan that. of the l10tm'JQ1ycetnie 

rat.e n:posed to the cold • The value at. t.be end of cold 

tncpoeuh ce 150.-33!. 1.,33 and 6"1·09 t, 13·39 m;/1QO tnl. of 

blood .tn nor11100lyeetn1e and hVJ)OolycanJ.e animals respectively. 

The c:Ufferer.:e was h!(Jbly sign1f1cont. (?able 23,, see p-'731. 

A wean blood ol'*Coee level of 9ES. 18 1 ?.to mQ/100 ml 



fiG • 12 BLOOD GLUCOSE LBV&LS IN NORMOGLYCBMJC 
(lC), GLUCOSE I'ED (0), INSULIN TREATED 
(X) OL\k:OSB FED PLUS INSULIN TRSATBD 
(I + G) AND STRBPTOZafOCIN TREAT ED 
(SZC) AtUfJr RNrS S&I'ORS AND AlTER EXPOSURE 
To -ao c. 
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TABLE 11. SUOwtNO J3L001) GLUCOSK LBYSLS IN A1lULT RM'S MJ'ORB AHD M'l'BR. BDOSURS 
TO •20 C YOR JO MIHU:rSS 

stgn1f1e ance 

Nonnogl VCemiC 6 96-18. ?.40 -
szc 6 ,,1.00 + Sl.29 -
lnsuUo 8 26·00. - a.a. 
olucose 6 135 .15 t 10.10 

Glucose plus 6 w.tt • 1s.oa 
lnsuUn . -

150.33 + - 1.33 

S62.60 1 ,2.24 

61.09 + ·- 13·39 

114.17 + - 70 •• 4 

47.10 .. - 12·05 

p 4(·001 

p <·001 

p <·001 

p <·001 

p <• Ol 

... ... 



ti alood Glucose...,.~.. ( At;/100 m1 ) 

3 Hr .. 

---------------------------------------------------------------------------

Insulin 

G1ueoS. f«' 

Glucose f«l 
JOW19 Rt.S 

lnsuUn plus 
gluco• 

• 
s 

6 

6 

s 

6 

96.18 ~ 1.40 

441.00 ~ 11·29 

-
... 

I 

110 ... 2 + - 3.5& 

-

- -
- - -

26.00 + - 2-24 t6.67 ... lJ •29 - 91.67!. 19.66 

131-'75 .. 10.10 - 110·00 + - ,,.,. , •• ~1!. 14.31 

138.12 + a.,, .. -
54 .49 + 15 .oe - -

61.33. - 9 •• 2 "74.11 !. 12.83 



Blood o lucose Levee 

Nol'lf.O:;Jlycete 6 186.31 1 16 •• 8 J.S.t.o17 + 12.81 
. -

p <·001 
szc treatecl 6 188.67 t 16.65 h2 ·60 t .2 .24 

Nor:uo;lycenlc 5 15$.40 + 1.71 15<>.33!. 1.33 -
lnsulift tr•t.ect 5, 1SS.JQ! 3.49 67.09!. 13.39 

p <·001 

Noa::rnoglycemJ.c 5 1t9.20 ~ 2.56 169.66. 1.88 - p <·001 
Glucose fed 6 150.31. 2·04 114.11 + 1.04 ·- -
NOX'IbOQlycemlc 5 165.601 3.59 150.33 + '7.33 .. - p <·001 
Glucose plu , 162.311, 2.62 41.10 + u.os 
1nsul1n -
Notcu- G lueose faed1ng as well as insulin t.roat.cr.ant:. was given C»ne hour bofore eold exposure • ... 

w 



'' 
at. atnat.ral t.emperat.ut"e of 21 + 1 c J.ncreased t.o 135.15 + - . . . -
10.10 m;/100 ml of blood one hour after olucose feecSJ.no 

and eUbaequent.ly £•11 to 110!. 1.?4 and '74.51 ~ 1'·31 JtJg 

at t.he end of second and thlt'd hour t:espect.ively (Table 22, 

eee P•12) • s n an.t.mals exposed to cold one hOW:' aft.er 

glucose feeding the tteotl blood glucose fell fnwn 136 !. 10.10 

t.o 114 .11 !. ? .ou l'tiCJ/100 rnl of blood following 30 minUtes 

ot exposure t.o cold (Table 21 and Fig. 12). The rate of 

fall of biooa glucose at -ao c was · about the sOirle aa 

at. 27 1 1 c • At.. the end of cold exposure ~be value of 

blood Ql.ucose weN 149.66 1 1 .se and 114.17 t. 1 .~ reepect.1• 

vely in QOI\'IrlOQlycemlc and byper~l.ycemic animals. The differ• 

cmce was highly signlflcant. (Table 23) • 

St.reptoaot.ocJ.n t.raated rat.s had a mean blood glucose 

leve.le of 441·00:. 11.29 and. incnasect t.o s•2.ao t 42.24 

q " (Table 21 an4 Pig 12) when exposed to cold ~~t.reas. 

Vhe .tUffereftCe waa stat.J.at.J.cally alqntf.lcant. (p <.•001) • 

d) <j1Eo,se f~J.ng flus .1gsuUn ~reat.~ 

A mean of blOOd glucose level o£ 96 .?8!. '7 .40 

tag/100 ml at. .-J.ent t.etr.perot.ure of 27 t 1 c fell t.o 

&t ••• t. 15.06 one hour a~er glucose feeding and .l.nmal1n 

ta:e&\fnent. at\4 subsequently rose t~ 451.33 t. 9·42 and '14.11!,. 

12.83 at. ~• end of $."11COQI!I and t.hi.l'd hour respectively 

('l' able 22) • In anltnals exposed t.o •20 c one hour after c;~lu• 



co• feec!llng pl\lG 101)\llJ.n treat,toent;. • tbe moan blood glu• 

coae level fell f.rcm 14.•9 *!. 1&·06 to 47 .?o 112.05 mg 

after exposure t:o cold (Table 21 and Fig. 12) • The differ ... 

ence is atet.la.t..cally o1Qnificant.. In glucose !ed plus 

inS\llln -.c-<te.t.ed animalo ~e mean blood glucose level at 

end. of 30 rdnut.e" expotlW:'e t.o cold 1s sl;nJ.flcantly lower 

t.han tbat. .t.n noJ::tnOglycemic rct.s exposed to cold. The values 

at. the end of ca.14 e)q)Oa-e are 1S0.3J t 7 .33 aruS 41.70 1 

12·05 ln notmotalyaemic an4 t.l'eat.ed an.1tnals napect.J.vely. 

'l'l'le difference J.slU.ghly ai.gnificant. (Table 2.3) • 

CHNO~ Itt SLO,qD. G,LUCOSE LEVELS OF NOiUDGL'iC£1-liC I HrPOGLYC£

JUC ~. lftPSilGLYCEKtC,.J}.t1.~Yo~\LS ON rotfOSUl\S
4 

TO 39 C 

ln ltOI'JDOQ1yeam1a rat• ex;pooed t.o beat. st.rea.s ( 39 c 
fot 60 I'J!taut.ea), the mean blood glw::ose level incc-eued to 

140.82:, s0.96 fa. 9&.19 ~ 1 • .to m;/100 ml of blood at 

21 !. 1 C. T.b• 10CI'ease of 44•04 rng in rat:s exposed ~o 

19 C waa tJt.at.1et.J.ca11y s1gn1f1cant (Table 34. see p.-?6 and 

?ig 11). 

The fDCan blood glucose of insulin t.reat.ed animals 

att rl t. 1 c ••• 46.61 !.. 13·29 t~~g end 26 1 2•2• l'DQ one 
/ . 

bOW:' after 1nauUn t.roat.ment.. When the o.nirnale were · 

eJq!Oead to 39 e during t.he second hour of :J.nsuUn edminla• 

t.rat.J.on the meen blcod glucose tooe from 36 :, 2 .24 m;/100 1'111 



HCJ • 13 BLOOD GLUCOSE LSVSLS IN NOR.I«'»LYC&KEC 
(lt) GL'UCOSB fED (G) INSULIN TRSNI'SD (I) 
GLVCOS£ ftD PLUS INSULIN TR.BM'D (Ott%) 
AND STRSPTOzafOCIN TRBNISD (SIC) ADUW 
u:ts 81f018 AND Aft" SA BXPOSURB TO II C: • 
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TA&LB 24 • SHOW.tta 8IDOD GLUCOSB Ll.:.""YELS IN ADUI.lf QAT.S BEFORe AND AftBR &XPOSV'RB 
TO 39 C FOR 60 Mlt'IOX'ES 

• Blood Glucose Levels 

Normoolycemt.c 6 96·18 + 1.40 lf0-.82 * 30.96 p < ·001 - -
szc 6 f&l.OO + 31.29 - 496.36 ... 50.09 - p <·001 
JnaulJ.n ' 26-oat 2·2· t1.26 .. s.a• p <·001 - -
Glucose & 13S.15 + 10.10 - 165 •• , 1 13.49 p <·001 

Glucose plus 6 H.49t J.S.06 
" - SJ.26 + - 6.•s NS 

Insulin 

Notet• Glucose fe~.lng o.s well as 1nsu11n tret.ment. was given one hcUX' before hea~ exposure. 



of blaod t.o 41.26 1 5 ·24 (Fig 13 and Table 24) • Thus U&e 
' 

rete of rise of glucose cme boW fo1low1itg 1neu11n edmin1e

t ration is about the aante at. 21 • i C an4 39 c • -~ 

The mean blood g1uc:ose value of lJS !. 10.10 ftiQ 

one hour following ;l~ose feedlng at. 27 !. 1 c fell t.o 

110.00!. 7.14 mg/100 m1 of blood at the end of second 

hour (Table 22) • tlben t.he animal was exposed t.o as c 

during the second hoW of glucose feeding t.he mean blooc1 

gl\leose of 135 !., 10.10 mq rose t.o 165.45 ·i 13.49 follov1no 

one hour of expoS\ll'G t.o beat (Table 24 and F .lg. 13) ., "rhus 

during the f1J:>st. and second hour of olucoee £ee41~ tbe 

blood glucose !all.e 1ft animals maintained at. 27 t 1 c 

and d.ae& tn animals ~aed to heat. during th1a period. 

27 + 1 c .t.ncrea~ to 496 ·36 +so •09 .._ - --
aft.er exposure t.o 38 c for one hOUI' (Table 24 and F19• 13). 

The difference was statistically significant (p < .oot.) • 

The IDean blood glucose level of animals aft.er one 

and t.wo hour fOllowinq gluaoae feeding plus insulin. treatment. 
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at. 2?! 1 C was 54.49 !. 15•06 atKJ 61·33 1 9.42 tespect.i• 

v ely (Table 22 • see P•72) • When t.be animals were e1q:0oed 

t.o 38 c <luring t.ho 6e0ond hour of glucose feeding pJ.ue 

tnsuUn t.,reat~nt. .. t.bere was no eignJ.f.f.cant. ch:an;e J.n the 

Val\le' of blood glucose. Thus the normal. r1ee of blood 

gl\lr:Oso durin; t.he ~JEJC:ond hour fo1J.ow1no treatment. at. 

2'7 !, 1 c wee not. oboened When the •nJ.mal was mq:oeed to 

39 c during the second hour. 

C,f!Nf.!BS IfJ p!QOD GWCOS,E ,L~ELS OF 1-iORfi.OGLYC,Etv'd:C t:1!? 

fU't;BRGLXCBMlC, XOptG AA'l'S ~N C9Lt?. llXPO~~!!.S ,l:-J.O C) 

The JnCJan blO!:XJ glucose loval. of 102.53 :. 6.17 mg/100 

,rnl of blood tn noi"tlOgl~emic rat.a at. 2'7 ±. 1 c inct"eaeed 

to 139•00!,. 2J.t0 av/100 ml of blood 01\ exposure to •10 C 

for 10 minutes (P1<h 14 and Table 25, eee P•'J9) • The 

chanqe was etat1et1oal,ly e1gn1f1cant4p < .001) • 

Tha Nan blOOd glvcoee level of 138.12 :. e.a1 mo/100 

ani of blood at. t.he end of one hoW:' following glucose feed• 

ing {Table 2a , see p-7~) mae t.o 20S .oc !. 9 .so on e~aure 

t.o cold. (•10 C) for 30 minut-es (Fig. 14 el\4 Table 2S). 

The d.t.ffennce was stct.1st1call.y s.t.gn1f1cant. (p <::: .ool) ~ 



~to • 14 BLOOD GLUCOSS LEVBLS lH NORM)OLYCBMIC (N) 
AND OLUCOSB FSD (G) YOUIG RATS BEPOR.S 
AND AI'IBR SXPOSURS TO •10 C • 
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SHOWtOO BLOOD GLUCOSS LEVELS IN YOUW Rid'S BEFORE AND AF'lSR SXPO!iORE 
\'0 •10 C FOR 30 .MltW'rSS 

-------- --------------------------------·---
· Jlood Glucose LarelJ! S1gnl ficance · 

Before 

-----------------------------------·---··-·------~~~-·-·---··-----------8----·---··-----·---------------

1'l01.'11nfJJycelft1C 

Glucose 
feeding 

8 

9 

102·53!. 6.11 

138 ·12 • 8.37 -
.139 .oo !. 23 .&o 

205.00!. 9.50 

p <.· 01 

p <..Q)l 



eo 

C!WGES lN DLCIOO GLUCOSE LEVELS 011 r;oliUOOL~CEJ«C .A.."m 

H'1"PERGLYCGf-'itC RA'l'S,.pN . .iiq'},T .,illt£·-Q~RE '3S Cl 

The enean blood glucose level of 102.53! 6.1? mg/100 

ml in ttOmoglyeem.tc rata at 21 t. 1 C decreased t.o 19.00 1. 

'7 .o;a. mg/100 ml on exposure to 30 c for 50 minu:.eo (Fig .1$, 

and Table 16. see p•Ell) • The &fferenee \las stet.J.st1cally 

siqnlficent (p (•OOU • 

b) Glucgse fet! _ YS!!UJ rpt.e 

1.'he mean blOOd gl.\lCoee .l.evel of 138·12 !. e.a1 one 

' hwr following glucose feeding at 2? ! 1 c decreased to 

92 .oo ! 12 .07 ~ on oxpoaure to 39 C for 60 minutes. The 

tUfference between the t-wo was st.at.lsttcal.ly s1gn1f1cent 

(trig. lS &nfl Table 26, see P•81) .. 



1'10 • l!t JLOOD GLUCOSE LEVELS XN NORMXaLYCE.IUC (N) 
ANn GLUCOSE FED (0) YOUl!Q RATS BUORS 
AND AFTER EXPOSURE TO JS C., 



140 

PRE EXPOSURE HEAT EXPOSURE (38C) 
.....:<~------..;::>~< > 

60~------------------------~--------~ 0 30 60 90 120 
TIM£ {MIN.) 



TABLB 26• SHOWXlG BLOOO GLUCOSB LSVELS tN YOUIG RATS BBIORB .MD AFJ.'ER BXFOSURB 
TO J8 C FOR 60 JUNWBS 

B1gn1ftcance 

-----------------------------------------------------------------------------

Noetra;lycenic 

Glucose 
feedlftg 

9 

8 

19.00.. 1·01 -
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Glueoae 1noreases tolerance to cold 1n ad\llt rats. 

and decnase• the tolerance .ln young rat. a. I nsul1n and st.re• 

pt.oaotoe1n rec.tuce t.be t.olS"ance t:.o cold. When olu:ose and 

1n.Un an a4m1n1-.wect tooether, tolerance to cold is 

bet.t.er than 1n t.he case of naJ!'Il'IOglycemJ.c rats. Thus, effect. 

of. gl\ICoao domlnat.ea t.bat. of J.neu.Un on cold tolvance, when 

the t.1il0 ue a4ml.niatced sltnultaneously. The 41 fferencea 

b4ttween tbe responses of adult end young animals on exposure 

" oolcl can not. be OJCPlained on t.be basis of r.,latlvely higher 

glueoae load per unlt. body weight in ~ animals when the 

nme ~ of glucoae ( 300 m;) is QJ.ven to both, s1nce higher 

cold t.olvance u eompaa.d. t.o that of the noJ:'11'.09lyaEllld.a an1anals 

was -.s.u obt.Aine4 llhen t.he adult. animals were gi"en a glucose 

load of 600 cog. 

The b.a tolerance of adult ae well ee young animals 

~ were fed with glucose wae lees than t.het. of t.be normogly

cem.t.c cont.rol•• 'l'be same was t..rue in respect. tJf enlrnals adminis• 

t.el'ed inaul.Ln, at.r;ept.oaat.oc:in or insulin pluo glucose. Th• 

cbant;ea in cold .-d heat. tolerance by the d1 fforent. treatment. a 

aA relat.ecl t.o the a1t.ent1ons in the rate of fall or rlse 

of body t.efftperature on exposure to cold or beat. respectively. 

Tb\la, t.he ret.e of ta.ll in bo4y temperat.ure on oold e~aure 

.La le•• .t.r, glucose fed chan in t.he normo;lyc8lnlc controls. on 

the other band, in J.nsulJ.n and st.~oc:in treated an1mals 

and .t.n yo\lftO animals treated wit.h glucose t.be r:ete of fall 

of bOdy t.esrpuat.ure .I.e ROJ:"e ee cosnperocs to normoglycem1c controls. 



'fb• rae of fall of body t.efll)erat.ure was found to be linear 

w1t.b t..ime in t.be adult normoqlycaaic rat.s aa well aa in rat.s 

-..ject,ed t.o different. t.reatat.en.te. 

Tbe aaean rectal tamperat.ure at· wbiah death oecun:ed 

aa caleulat.-.! from t.be regression equation gave d1 ff.erent. 

v al.uoa for d1 fferent. gJ:'OupB of eonttols. ~~ ranged from 

1.3.80 c t.o 1' .st. sinchm t.be f!l¢Per1man.t.s on different. groups 

vue conctuet.ec'l on different. days it is vossible that some 

umont..rolled !ar.J~ots were 1nvol vea in t.he vu:l.at.iona of CT re 

fzom t.J.me t.o t.1me. Eac:b Q:X9erimentnl group had it.$ own con

tAl {I~'*P am1 since the expoSllre t.o cold was carried 0\& 

s11Dult.aneo\Utly on t.he control and experJJnent.al group, any 

effect. of uncont.rolled variable was eUminat.ed. l:t. was obser

ved t.bat fox- each t.reat.~~"r-n't the cr "'• of eJ!);)er.lment.al Qroup 

d14 not. 'V'U'V' s1~n1f1~ent.1y from the control grc.\ll). Thla suggest e 

, t.hat. t.he effect; of dl.ffennt t.reat.&r.ent.e waa atediat.ed t.h:tou;b 

an alt•ntJ.oc ot t.he rate of £all of bOdy t~ature anc! not 

ttue t,o ebanglll .11.1. t.hGt erre. ·ln. youn9 animal.s. t.he rat.e of fall 

ln Tre is eurv 111n....-. ~h1a may be <Sua to t.he f.act t.hat. the 

tertp4rat.ure for col;.t stl'ess was -10 c instead. of •20 c. The 

cr re a a jllt.\Qed from ~ plot c f 1" re against. time ts h!Qher 

(above 20 C) t.han in the case of adult. animal$ ( 13•17 C) • lt 

1R su~1eln~ t.het: tbe resfonee of gluco&e fed yo\1110 anin1a1• 

is opposite to that cf glucose fed adUlt. an1n:ala. 



T'he changes in cold ~olerar¥:e w1tb dt.fferent. treat.

~Mmte ac-e also reflected in t.ha incidence ~£ frosst.bit.e. The 

1ncf.4ence of fmet.b1t.e J.s less 1n glucose fed animals as com

pared to the normoglycetn.f.c controls. alt.hougb Aat.1st.ice.lly 

the reeult.a do not:. fall wlt.hln t.he 5 percent. ptobab.l.Ut.y level. 

The 1ncl4enee of frostbite in insulin and c:Siabetic animals 

(Poe, 196!) J.e eiqol Ucant.l y highe~ than that of the nortnc:»;l Y• 

cemle cont.~ls. lt. is ~sst.ble that. the difference in the 

.S.ncl4enee of f.rostb1te with d1£ferent treatments resulted 

fnm var.l~1ons 1n the rate of fall of t.he llttb temperat.U&"es. 

In rwoJ:'mOgltcemle an.i.ft~s er..posed to neat.. t.be bOdy 

tempc"ature rl5es and 1ave1o off aft:.et' soma tJ.me, 'With fu.ft.her 

expt\t~ t.b4!t b-.2d.y t.eft;)oX"at.ure tends t.o dec:lJ.ne. In experiments 

w1t.h glueose .• inBulin end st.r3pt.oz.oto!:.t.n. t.be rJ.se of temperature 

was not. 11ne•r 1tt!th t.i.me in control as well e.s treated animals. 

In insulin plus 9lut!os., tre:ned anir'..ala aa well as 1n t.he nor1r0 -

;lycattlc controltt ~he rectal t.eupe1.•at.w:e increaaect linearly 

wJ.t.h t1tfHh Tho t;.Tl•lCO!JO £ad aoo insulin t.reat.ed animals did 

not tNJVlve tor a:Jr-3 thlm rd.ne'~y minut.ea, whereas the respect.• 

1ve c:orct.r:ols tHtro sr:.ill &live at. the end of 150 minute& at. 39 C. 

"th1a say be dUe t.o t...'lc lack ot fall o£ body t.euparature after 

!>O ~o 6C· lftl.nUt.ee of mtpOG\lt"e as displayed by t:.he norcroglycemic 

controls.. Althougtl, the at.rept.02.0tocin aniaels had a signJ.fi

cant.ly lover survival t.tme than t.he no.rmoglyeemic controls which 

ahow.S a fall. in body tczrporat:.w:e aft.er 60th Olinute • all the 

animals 1n t.he latter gl!'O\IP did not sw:v1ve for 150 mS.nut.es 



• 
•• waa 1:.he case w.t.t.b cont.rola ln other ._,•rifnent. s. 

Tbla can be explained by the f..... that. the expertment.s 

Ol'l et..r'~&Ot.ocin. .,..e cafti..S out ln the wintu rront.ha 

¥bu.ae all ~• other ecper.lt:o!!nt.a were conduet..S in 

Mll'lnet' ~~~Catha. The 11\sul.t.n plus glueoae t.reated animals 

dl4 not. aun.t.ve for mo&"e than .abQ\& 98 alDut.ea, vhat:'eaa 

U&ell" noJ:'IDOQ1ycemlc controls wen alive at. t.he eJ'IIS of 

dO rnlnutee. ~he cr n 1n. t.be ca• of insulin plus ;lueose 

t.reat.ed animals, aa caleulat.ed fi:'OJD t.he re.Jresaion equat.

.lon ••• •6·2 e. Alt.hoUOh, no clear: fall of body tetTper• 

et.ut'e ln the not:IIOQ1ycemlo cont.rola waa ev1dem;., t.be cat.e 

of dee of body t.~at.ure wu euff.S.cJ.ently low J.n t.he 

noD~Cglycemlc anllna1s so \hat. it. did not. reach t.he ·cr r• 

o! '' C w.t.t.bln 150 lblnut.ea. 

Ae in t.be case of adult rat.e, sunrival t.lme 

at. 38 c is lower in. olucoae. fed end 1nsu11n t.reat.ed 

zoaa •• cotrpa....a t.o t.htd.z- nol'IDOQlycemic cont.mls. HOWttYe:t>, 

unllke .ln t.be adUlt. l"at.s t.he l'eot.al. t.emperat.un at. 40t.h 

ead IOt.h ld.nae ot GlCPOGUn ta not s1gn1fJ.c~ly different. 

ln glucose f.ad and inFNl.ln treated rat.s •• ~to 

t.heu nspectlve eont.a:rols. eon.idertng tbe results of 

~ment.s on edult. and young nt.a, it..' la difficult. t.o 

eay Whet.ber the low ~N.rV1val t.1ftle ln t.he t.zoeated animal• 

la ctue t.o theJ.co earUer at.t.alnment. ot ern or reciuced 

tolerene• of vae vital OJ:llan• to t.olwat.e a hl;h body 

~eperat.ve. 



Except. J.n t.he case of 1nsulln hypoglyc-.la the 

•~feet. of varioue trea~s on tlle.nongulat.ion le •i-
deM. only at. very 1ov and at. vecy h!Qh *llb1ent. t.~at.urea. 

'thus, in r&s t.reat.ed with 1naulln, glucose teedl119 and 

at.rept.ozot.oc1n t.he body t.emper:ature on exposun t.o 

15 c, 25 c ~ 3.2 C ·and 35 C an not. eign1Ucant.1y tU.Cferent 

fi'Oit t.hat ot t.btd.t noJ:IDOglycad.c cont.z.-ola. In t.be caae 

o! insulin treatme•• ~e l:»>dy t.~catuzoea ue lowr 

t.ban t.he nono;l~-.tc controle et. ambiellt. terrperat.w:"ea 

o! 15 c, 25 C " 32 C end 3S C. A h19hU bOdy t.euptrature 

Chan that in the no&'fDOglyctiiiDic an:f.IM.l•' 1a Obt.alaed J.n t.be 

insulin t.reat.e4 an1mals oaly men ~e aatbient. teuoerature 

la 38 c. Tbis su;qest.a that t.be neutnl t.4tl%pUat.ure in 

t.h•se rat. s wu bet. ween J! M4 38 c • Since, the exptU".l• 

crtertte wen carried out in the ~, tbe results a.n 

condatent with t.NI findings of Bhatia et. a1 (1969), ancJ 

llhat.la ( 1911) , t.hat. t.he ne\lt..ral t.ernperat.ure of l2 C 

obt.a1n.S J.n winter daea t.o a higher level durin; the 

.... er. 

As alna4y stated al.t.erat.lone in tolerance t.o themal 

atnt~e w1t.h dlffennt t.nat.ment.a an caused largely by changes 



. 
lat.t.er is rel~ed to the changes ln blood glucose levels 

wit.h aseoel&.S met.aboUc effects 1• more difficult t.o explain. 

Ae re;U'ds t.ho chanqea .t.n t.c>lerance to cold at.reae in adult. 

an.t.mals 1a concemed, tbe avaJ.lablllty of sufftclent glucose 

in t.be blood and of tbe adequate amunt of insul.t.n for ut.J.ll• 

zat.lon of blCIIOd olcoae ~meet. the ext.ra-met.abollc demands for 

subiJU'-.e ln the t.hcmogent.c. t.iaauea may be t.he det.ermlnant 

fact.or. In noZ'IDOglycemlc animals increase in the bloocS olu

COM level brought. about. by at.imulation of neoglw:o;eneels by 

cat.ecbolamlnea may help the t.hel'll'Ogenlc t.ieou.ea t.o Net. their 

-.ra delll8nd for gluco" (Bickford et al, 1960 antS Fuhr:man, 

1947). A ailauler lnc:rease .f.n naoglucooeneais we>ul.d be• expect.iad 

J.n ~ dlabet.J.o animals, but wJ.t.hout. a pxopoftional increase 

in qlucoae ut111mat.J.on in t.he abeence of lneulJ.n (Van lt.ell.te ~ 

lt_,) • 'f'be preeent. exper.t.ent.s -.beefon r41Vealed a ...,b 

greaer rise in blood glucose in d1abet.J.c ant.ma1e as compared 

t.o DO.r'IIJC')gl\fC!emlc rat.a expose<~ t.o cold etnas. This would. alao 

explain the great.er fall in bOdy teuparat.ure 1n the: strept.ozo• 

t.ocln t.ree.t..S an11na1a. 

An iacre...S level of 1n8UUn atJ.mulat.a4 by byper;lf• 

cead.a after 9lucose feedino 1• known to increase t.be nt.e ot 

CJlucoae utlliaat.ton (Blecher, 19HJ Rodbell, 11661 ancS Renold, 

1914). AnY eff~ of ct*eoho1amS.nes 1n t.beae animals expoaed 

to co14 ~o increase neoglueogeneal.s would b• countw act.ed 

by ra1Md level• of blood insulin. For t.hJ.e J:'eaaon no r.t.se 



' 
of blood glucose on cold st.ree& .t.a evident. in anlmala ff.td •1t.h 

c;lucose and e,q:10Hd \0 cold aft.er one hour. The lower rate 

in fall of body t.tl!q)erat.u.re 1n gl~se fed animals as compared 

to the nor~~D;lycemt.c anlmale c::ould then be explained br the 

hiohet' cat.e of utilJ.aat.ion of ;lur::oae by the therrrogen.lc 

t.lsaues. 

ln cont.rast. to the l'esponse o£ the adult. an!IDals to 

cold, t.)le tat.e of .._ fall of body temperature in tbe glueose fad 

young r&s 1a higher than in their norlb091ycemic controls. In 

tbeae an.latals the blood glucose levels rise dur.t.no cold stress 

1nst.ead o! falling as in the case of &4\\l.t. animals (Alain 

Kenrah, 1976). The J.ncreas• ill blood glucose of young rats 

fed vit.b Q1ucose and exposed to cold 1e aboUt twice that. of 

t.he ftOl:rDOcJlycea.lc controls. This suggests a decreaeed glucose 

ut.1Uzat.J.ota 1n glucose fed JOW'lQ rate. Sinc:e. t.he insulin 

aecret1cm 1n t.he young rats is believed to be ae senslt.t:ve 

t.o blood Qlueosa levela aa in adult rats, lt. la possible that. 

a decreased utilisation of glucose 1n glucose fed animals 

~sed to cold may be due t.o some spec1f1c effect of high blooc 

glucose levels in aupressin; shivering in young rata. The 

coftsequl!llt reduction in t.be rate of thermogenesis could t.hen 

eXPlain t.be oreat.ea- lall in the body temperature in glut.'!ose 

fed animals. 

Xt. seems that. 1n mild and moderate degrees of cold 

atnaa, the thermogenic t.1ssues are able t.o meet their increas~ 
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demands for ;lucose end that. J.t. J.a only under eavea:-e degJ:'ee 

of cold etn•a that. ·t.he blood glucose in .u!f1c1ent. qWllltJ.t.lea 

is not. available t.o t.beae t.latnlea. Tbls .ls evident fD)ID tbe 

obaU"V•J.on• t.bat ~ a t.emperature between the neutral temper• 

at.un and 11 c: , t.be not:'lDOglJC8&111C and. the ol\tCOse fed anlmala 

bed the same 4egne of t el.l in body t.eaparat.ure. 

Adld.nit~trat.lon of insulin to t.he non.al animals nsult.a 

1o lnc:reaMd ut.1.11aat1on of glucose by the tissue (J:)ebo&), 1959), 

lncreaaect Qlyco;aneaJ.s (Lai:'Der and v 111arpala4, 195t) and 

l~&:"eaaed 11pogen.a.l• (Mahler et a1, 1961 and Ball et al. 196') • 

ThJ.e reault.a in rapid fall in blOOd glucose, thereby cSecreasintJ 

the avulab111t.y of glucose to t.be ~.t.esues. After a~ one 

how: t.be blood glucoee beglne to rise, and this r1ee is acceler

ated 1f t.he animal. 1a exposed t.o cold, ae seen tn tme present. 

ex;perl.aent.e. The lower avai1ab1Ut.y of glucose to the tissues 

may poaslbl y be responsJ.bla for t.be ttJreater fall of body 

t~ure under cold at.rese in the hypo;lyceJ11S.o ae coupared 

to ncmaoglyoemlc an.t.male. ~he insulin treat.«l e.n.f.Jnals were 

obeenad t.o have a great.or fall in body teaperature as cOIJI)ared . 
t.o nodOQlycemle anlftJala even at. m114 d~ree of cold et.~:eee 

wooeat.in; t.hat dW::'1ft\1 cold el(pOsure anl.mals .ere verr sensitive 

t.o low blood glucose levels. 

Tbe animals whJ.eb weJ:G fed w1t.b 9).ucoae and simult.aft• 

eously admlnletered 1nauUn an4 expoaed to cold bf!~Ulti.S vqy 

INCh like t.;be olucoae fed animals as regards their rat.e of 

fall ot body t.eperat.ure and survival in cold ia concerned. 



However# -.h. v alue• of the blood Qlucoae at 'the end o£ one 

· hov •• on1y al1;htly higher than that. of lnauUn ta-eat.e4 

enllDale, and at. -.he end of ~sur:e t.o cold, it was «Weft lower 

t.han ln the caee of 1nsulln t.reat.ed animals. TheM animals 

muat. thereto" have a higher rate of ut.111aat.ion of glucose 

as coa:pand to the ncmnoglyctDJ.c animals, anrJ t.be low val.uea 

of bl.ood t.rlucose au& be due to a blQher rate ol t.urncwer of 

glucose in blood· 

In no.rmoolycemic adUlt. anlaale mcposed t.o heat. there 

1s a rl• ot blood Qll.aeose aa in the case of cold etr:esa, 

thou.gh of much less magnitude. This rise is likely to be 

mre due t.o reduction in ;lucoae ut..t.llzat.!:on than due to 

et.iJDU1&1on of cat.echolamln• secretion by he~ at.naa, vhen 

the aabJ.ent. tezt'l)eratue 1s changed f%010 27 to 39 c • In t.be 

glucose fed adult anlmals exposed to heat. t.he tall 1n blood 

;lueo•• ci\aring t.he aecontl hour as eeen at neutral teuperat.ure 

waa not. ob.-ned. This suggest. a t.h:at. the increase in glw::oae 

ut.ll.l.s&lon and glycogenaals one hour aft.er glucose feeding, 

when t.'Nt animal 1a ecposecJ to beat stress is of smaller 

maqQJ.t.ueJe t.han When tbG anlmal ie exposed to ne~&ral or low 

allbient t.fml)erat.U&"e. The hiQ'hc rate of rise of bOdy t-emper

ature could be due t.o J.ncreaaad metabolism reeult..l.n; fmm 

;reat.er ..._. of glvcoae u:tilia~:S.on. Ae in the case_ o£ cold 

~~tre.a, the responses of the young animals t.o b .. et.nes 

· were oppoalt.e t.o those ln the case ot adult. animala • Heat. 

exposun caused a a1on1fioaat.. fall in bloocl glucoee in nol."lliO-



g1yc-.o •• well u ;luoon fed JOUDg· an.lmale. The fall in 

bload gluoo .. levttla in glucose fed voung an11118ls exposed t.o 

heat;. 1a of h.l;het magnitude than in the caoe of norazaglycemt.c 

atWnale. A blgber rata of rta• of body temperature undft 

beat. ansa tn glucose fed young enlmle can be explatned 

on tlle aa8UJ'l1)t.1on of a higher zoat.e of olucose ut.J.Use.t.ion 

aeaooJ.at..S with accelerated aetabollea. 

In lnw.lla t.reat.ed adult. anltaals exposed to heat. 

dwrJ.no at~CGnd hour ot J.n-..ltn adlllnletnt.loft. t.he bloo4 glu-
. in • 

co .. lwela zt"eOOVH & a IIJUCb lower rate t.han/t.he aaee of 

an1rnala fQlPOsed t.o neut.&'al ~~rat.ure. SJ.nc:e • t:.be blood 

ol.uco• level.a wen vuy low the glucose v.t.1Uaa~J.on ID\lst have 

b4Mft aubnoDial. lll8pite o£ thJ.e, the body teq>er&ure .l.n 

insulin t.reat.ed ardftlals •• hlghu follov1ng heet. t~treae t.han 

ln ~lycem.lc anlmale. Zn at.rept.ozot.ocln t.hded animals 

alao t.he body t.apu&ue a&u heat tltl."ea• was hl;ber than in 

t.he case of noftl'IOglycetDic animal a, although, oM would expect. 

a 10WC" rae of glucose ut.111aat.~n by tbe t.iaauea. A greater 

fall of body t._,.ratun ~J: cold stress and a greatc 

r.lee of body t.eJrp8hbura undu beet •r••• in stnpto:zot.oein 

t..-e&Ud and . .lnsu.Un t.nated an11D61a as eompal:'ed to normooly. 

cemlc antmala po1-.a t.o tb• poea1b1Ut.y of breakdown of 

t.beJ:IroftQUJ.at.ory cent.ers by !act.«e Which 1nt.el'fere w1t.h glu

con \&1Uaat.10Jh laauUn and atu:ept.~n t.t>oat.ment ,. t.here

fon ndUcea t.he 'tolerance t.o hS.f#\ as well as lov aabierl:. 

tepcatVtta. on t.he other hand the vlucoH fed anf.male have 
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• td.Qhft HJ.uance ~o cold end the lowe~' toler....ce t.o heat. t.han 

t.bat. of t.h• nona;lyeem.f.c contmle. The hJ.ghu body t.eszpca~ures 

of the glucose t.reat.ed anlmale u;posed to cold or heat. et.nss 

ae ~ t.o t.ha of noX'IIJOQlycemt.o an.lmals :i:ndicat.es~ tba1:. 

~h• effect.. 1a due to 1ncre....S pft)duct.ion of metabolic beat. • 

'fh• obMWat.ion the aD!rDal• fed with Qlu::oee and 

adminlateftd insulin nspotld t.o tbeftlal atrose Uke t.l'Mt gluc:oM 

fed animals although the blOOd ;lucose levels are only slightly 

bi;her t.baa t.ho•• 1n8\IU.n tteat.ed antmal• would ~end t.o be 

1ncon81et.ent wtt.b t.be hypotheala th& factors l'educ1nQ olucose 

ut.WsaUon 61st.w:b the t.her:mofttlll.at.ory cent.era. However, 

lt. 18 po•sible t.hat. althou~ in olucose fed and insulin admln1s

t.er.S onliMla t.hca t\ll"DDVer nte o! 91ucoee is h1Qhet t.han in 

the castt of aol."IIC)glyc.tc antmala. 

The above conolue.lon le re;ardtn.g t.be sJ.gnlflcanae 

of chan.gea 1n blood gJ.UCOM of an:lmale subJ~eti t.o 4lffeKGnt. 

t.l'eat.mEftt8 en4 ex;oeed to t.htmnal. .u.sa, and the relaUon 

bet.wHn t.heae ohrll\gH and body t.«nperat.ure are only t.entatJ.v•·• 

st.Ut.U.e• on olucose ut:..f.Uze.t.ion. and on the enapes of th• caa:bo

hydr'at.e metabolic pat.l\Way an neceaaaty ~ conft.cm t!Ut hypo-

t.hH1•• 



SUMW\RY AND CONCWSlONS 
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Responses of rat.e one hoUr aft.er feeding wit.h ;1u• 

coee. t.reat.ment with 1runal1J'h lltrept.Oaat.ocin and Qlucoee ted 

plus insulin. wen~ with those of tlOJ:IriOiiJlycemie 

animals by 

exposin{l them to cold .-naa (•20 C) end heat. 

atnas (38 C). 

b) tneaeur1ng the •univa1 t.Jae and 

a) est.Jaattona o£ blood gl\lCO$e level• Ln col4 .tnd 

beat an••· 
In adtUt.ion auec • .lbillty of rats t.o col4 inJury 

wae det.ermlned. in noi'IIOCJlJCemic. :t.naulln and athJ)t.Ozotoc1n 

t.heted anlmals. 

Tl\e rat.a WU"e elCpOSed to •20 C 11\ deep fnezet:' and 

to vertou.s degree of atrb1ent t.empel'at.UNa ( 15 C: • 25 C , 32 c , 
15 c and 38 C) 1n SOD .t.ncub•or. I' or cold 1nJ~ the Umbe 

of t.he anlmale wee ex.posed t:.o freeaino aS.cu.re w1t.b tempezo

atu:te #env1ng from •21 t.o •19 C • 

a) Thtl rate of fall of T re ut. -20 e was cx.re .in .lnsulln 

and st.rept.osot.oein tr:"eated rata as COJ'ti)S%'«! t.o their ~-

91ycemle cont.rola. lt:. was leas in t;lucose fed as well as 

insulin treated plus glucose fed animals as corapare4 t.o t.heJ.Z" 

no.rmoglycemlc cont.rols. ln cont.rast. t.o t.his glucose fee! J'OUil9 

rat.s fJhoWed greater fa11 1n Tre aa coapared t:.o t.heir 11.0.t1:10gly• 
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When ~· rats were exposed 1;-0 heat. at.ress ( 38 C) 1 

t.he rat.e ol lnarease of body t.qler&w:. vaa more ift glucoee 

fed, olu::o•• fed plus J.nsuUn t.reaed., at.rept.ozot.oc.tn and 

.inaulin t.r:e•ed adult. rat.s •• c~ t:.o tbei~ nori!IOQlveemlc 

cont.zrols. t'be same was t.rue with the inn.Un and qlucoae fed 

VOWIG ~•• 

b) St.rept.ozot.ocin and inaulin ueat.ed rat.a showtld a less 

tolerance t.o •20 c a• c~ to t.heir nol1!l0Ql ycan.l.e contJ:ols. 

Glucose fad and ;luoose ted plus inauUn t.reaed anlmale eunJ.

ved for longer t.J.me as compared to thel.t: eont.¥:Ola• Younv t'at.a 

ted with glucose bad less 8\lnival t.ille t.baft t.hat. of no.aao;ly• 

c.S.C col\t.rOls. 

OWing EDCP08U:C'e to 38 c, etftPt,oaot.oain, insulin t.t'e&\ed j 

glucose fed an4 tn.W.J.n treated plus olucose fed rate bad a 

lowr t.olerance t.ban their Hapect.lve cont.rola. 

c) 'rhwe was J.ncreace 1D lwels of blood Ol\ICOse J.ra 

normogl ycemic am at~ept,oZot.ocin tJ:eat.e4 rats fo11ow1n.Q exposure 

t.o •20 c. In insulin t.rM•tfiK'i e.n:l.raale t.he r!au 01'! blood glucose 

on ccposun of animals uo •20 c dUrtng second lb>UE' following 

insulin admJ.n1et.rat.ion was h.f.Qbu •• co~aplli'M t4 t.bat. at. 

neutral temperature. on the other hal\4., glucose fed e&llt rat.a 

above<! a fal·l in gl\JCOM levels aft.v GJCPOSW. to cold .t.n the 

second !\our o£ glucoee feeding which waa comparable t.o the 

fall a ne..&ra1 ~eftllW&tare. .In glucoH fed plus .t.neuU11 · admin-



1Aen4 '"-*• t.he blood glucose levels follov!na expoSUN to 

cold dud.ng second hoUr' of t.reat.ment. wen t.be - aa • 

neut.%'81 ~rat.w:e. No~lycemic a.riiS olucon fed 10lln9 

rat. a showed a ai;ni ftcar& .t.narGaa .b blood glucose level a 

following expoeun t.o •10 c. Durin; exposun co heat. an• 
of sa c ncmnog1vc-1c Adul-. ... a 8hOWd an 1n0rea• in 

glucose levels. Glucose ted animals exposed t.o beat. !.n t.he 

ncoftd how after 9lucoee feed1QIJ e1'lo1le4 a riee 11u1t.ead o! a 

a fall in blood gluco88 obeeJ:Ved at. neut.raJ. t.eJ11)erature. ln 

collt.raat./ to t.his nomo;l,aernlo and gluco• led young raa shoved 

a fall in ;1uco" lENe18 following heat. exposure. Xnaulln 

t.nated and 1nsu.U.n .plus glucose t.t'eat.etl an!alals exposed t.o 

heat. one tow following t.he t.reet.•nt. displayed a n• ot 

blood glw:oM vhf.ch was coaparable t.o that. at. neutral t..aper• 

at.w:e. 

lac14ence or cold inJUE"Y wu tlDre il'1 nonDgl,cend.c 

rat. a as cosrpared t.o t.he glucose ted animals, 'tfhen the l!IDJ>• 

were expond to fned.ng mlxtw:e at -as c. ln..Un. t.reat.ed 

an&!l at.rept.oaot.oc1n ..-. showed a higher .t.nc1denoe of fmn• 

bit.e t.ban that. ot thfd.r resp4Ct1v• ftODDOglyeemlo cont.m1a When 

-.poa.S at. •lt c. The f0.11ow1n; conclusions can be drawn fzom 

~· abOVe resul'• • 

( 1) The alt.u&.lona in cold tolerance by various t.nat.-

ment.• 1• cauncl t.hrougb t.h•.t.r ttthct on t.be rat.• o! cooUI\9 

of t;M body and not. by chanoe in t.be. orJ.Ucal body t.et~~Puatun 

at wb.lch dea1:h occure. 



OS 

(2) Tbe cbaage• AD heat tolrUar.~Ce by veriOWI t.reat.ll1flmt.e 

ie lu:verly due t.o t.h• alt.erat.iofte .S.n t.he .rate of r.lae ol 

'body teaperature • although, t;.'hen 1• 80IDtl ev14enc• for an 

alt.el"ation in crJ.t.!.cal body t.epvat.un at which death ocoura. 

( 3) Alt.erat.lond in Che ~rae of Cbanqe of body t.811J'C'at.ure 

by different. t.rea\.ment.• seem• ~ be ..U.at.ed ~ Oh~ea 

in olucose ut.1li&at.1on. 

( 4) lneulift an4 tltreptoaot.oein t.reautent. ·~· t.o 

1n!luenc• t.he t.heJ:mal responses of ~· animal through tm• 

dlllt~e of ~he t.hcmoregul.et.ory cem:.n by fall 1n glueo .. 

uttiUaat..ton. 

(5) Glucose and gl\JCOse pl\la 1nsuUn t.~nt tteema t.o 

alt.er t.he &"esponees t.o thcmnal at.reu t.o increased mat.flbolia 

heat. produet.ion aaeoc:J.ated wit.b hifJher ut.1Uaat..ton of gluco ... 
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