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ABSTRAC'I

STUDIES OF 1]]-IÐRr\ÍOPðGLILATOIìY ÞIECIIANISIIÍS Ii{ SI-IEEP

Ðy

GUD II.]AL V]l]tr]IAÏiA GI{AVAN

Experínients r,,'ere cond.lrcted or 4 SuLffoli; erl'es

to detern1ne the dist:ri-brr-tiorr of neriuÏ¡eral- therna]-

receptors orr the skír:. and in. the respirato::}r 'par=ages.

'l.he sheep rl,êr€ fítted rvitkr a carotid loop ancl tracleeo-

tornlt tube, anci rirc-re maintaj.ned. j.n a h.olding room con-

tai-ning a nodifiedr ¡netabolj-s¡n crate pror.icied rviti:r feed

a::-d rr'ate:: trou.¿5hs. lfre teri:perature of the hoJ-ding roonr

rerngecl from 2OoC to 22oC. i'.{easu:-reme::ts r.¿ere ü'}ade of the

tempera'Lure of the blooC in the caroticl artery and in

the ji-rguJ-ar vein du,ring e)iposures to hot aricl cool enrrí-

ronmen-bs, in a cl.j-matic chanriirer, during localized heati-reg

of tire pei'íneal- and fl-ank regions. In ad.d_ition the ear

and lu¡nbar skin te¡n'peratuires tr¡êrê recordecl . It{easurements

lr¡er.e aJ- so made of respiratorl.' freclu.ency ancl Lreart rates.

i,I}.en an adequate erea of fJ-eece (3OOO cffz) r\r¿t-s

sheared. on tÏre thcraco-J-umbar region, a inarkedL decrease

in resoír'atory freqr-rency occurred at an ambient ten:pera-

tr-:.r'e of 2OoC ancl JJI,L reJ-a.tive hurlíclit-rr" Ät ar.bient tempera-

turc+s of 2OoC, heatíng the perineal region of rrnshorn

eï"res to llooC resul'bed in thre initiation of polvpnoea.



Fer:ineal h-eat treat¡uent in a cool envirorurrent (l5oC anci.

lOot) also res:-rfted in an increased. respiratory-frequency

but this íl.rcrease tt'as of lesser magnitude than th-at

obtaíned at 2OoC a¡rbíent tempera-tllre. ,-l.he respj-ratory

resporrses to ineating the perineal region r\rere nraj-ntajned

despite a marke<l fall in ttre temperature of the carotid

blooci. trartia1ly sïrorn sheep no longer panted rvhen the

perineal region rr¡as he¿lted to Ii.OoC. 'l'kre rise in respira-

tory frequency follorvj-ng perineal kreat treatment of

unshorn sheep tra-s attributed to the stinula-tiorr of tr'arm

recelctors l.ocated in t}.e perineal regiorr. the l-orver respi-

ratorl. frequenclr of pa-rtia1ly shorn sheep at 2OoC amÏ¡ient

temperature arrd tTre absence of onset of polypnoea follorving

perineal leeat tre;atntent at all a¡-rbj-ent tempera.tures studiecl

is attributed. to ttre stinmlation of cold receptors located

beneath the fleece "

SLrort terni exposLìre to risíng ani.bient terrlperatu.re

resulted in arz imnredia.te onset of pol1'prroea ín unskrorn

sÏreep, 'nhereas irr partially skrorn sheep, there was a

2O-3O mirrute delay in the onset of polypnoea. I'fter this

de1ay, there rt'as an abrrpt rise ín. respiratory freqr,rency

luhich then approached that of unskrorn sheep.

fn an. atternpt to study t}.e presence of ttrertlal-

receptors in the naso-}:uccal- passagesn tl.e sïreep r{ere

fitted. rr'ith a trvo-r'ay tracheal camrla. A face mask rvith

its oÌl¡n temperature controLLecl air supply T{as placed on



the animal- so as to vary the temperature of tkre aj-r

surrounding tir.e naso-buccal region. l,Íeanrvhile thre ani¡naf

breatTred ambient ai.r (ZOOC) ttrror-rgh the d.istal end. of the

trvo-,1r,'ay camrrla. Circulation of rt,arm air (4OoC) tnrough

tkre na.so-buccal passages at ambient ternperatltres of 2OoC

rva.s accompa-nied b3r am j-tnmediate rise in respiratory

frequency, reflex vasodilatatíon, and increased heart

rates. Conwersely cooling the naso-buccal air to lOoC

after po1ypnoea Ìrad been ful1y establj-shed at an an¡bient

temperature of kOoC resulted. in a marked. depression of

respíratory response " Tl.e cl.anges in respiratory frequert.cy

folJ-orving naso-buccal heating or coo1-j-ng rvas not accornpa-

níed b)' any cleanges in t}.e carotid blood temperatllre. It

rrras therefore concluded that warln and co]-ci receptors are

loeated in the rraso-buccal passages rrrhose stirnuJ.atj-on

r:esults in thre reflex orrset of polypnoea or a depression

in respíratory r:esporrse in a polypnoeíc sheep.
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INîRODUCTTO},I

It Lras J-ong been l<norlrn tkrat the body temperature

of Ïromeotherms under warying degrees of clímatíc stress
is ttre net result of ttre ba1ance bet¡,,¡een Ïreat prod.uction

and treat loss. Tkre balance ís achiewed throug}- chranges in
physical and chemical processes broug'Ïrt about througt. the

actíon of nerrral meckranisms.

One of the major discoweries of t}.ermoregrr1-ation

I{as tlnat' thermar kromeostasis may ]ce dísturbed by lesions

of the brain in tkre hypotkralamic region and this dis-

covery prowed t}l,at the principal mec}-anisms of ma¡rmalian

tenrperature regu1ation are neural. . îÏre hypot}.alamus is
sensj-tiwe to temperature cha-rrges occurring in ítse1f,

since a¡r increase in tr.ypot}.alamic temperatrrre induces

panting and cutarÌeous wasodilatation, rv}-ereas a clecrease

irr temperatrrre initiates skriwering and. vasoconstriction.

ft leas been strown in hrumans, that tl.e mechanism of
temperature regulation is of Ìrypotlr.alamic origin and that
the heat regrrlatíng centres are capable of controlling
body temperature rt¡itkrout afferent serrsory impr-r1 ses. Man

regrrlates tris body temperatu.re remarkably well by en-hanced

sweating rates under l.ot and kmr¡ríd conditions. Thre situa-
tion is somer,'¡lr.at different ín sheep, rvhiclr. do not srveat

as much as humans do, arttr.ough evaporative heat loss d.oes

take place from tl-e skin. rn hot surroundings, tl. e excess

heat ín sheep j-s mainly dissipated by panting.
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Untj-J- recently, there has been some doubt ruhether

the stimulus for the pantj-ng originates from the central

or t}.e periptreral ttrermal. receptors. It is now an esta-

bJ.istred fact tkrat, ín sheep, the onset of panting in

response to a sharp rise in ambient temperature occurs

even in tkre absence of any rise in the temperature of

tl.e blood supplying the brain, thus suggesting that the

stimulus to tlrermal- panting could be of peripheral- origin.

Respiratory rates in sheep can be depressed by skrearj.ng

which su.ggests the exístence of coJ-d receptors beneattr

th.e fJ-eece. Conwersely, panting hras been initiated in a

ram by t?re exposrrre of tkre scrotal. skin to a warm enwiron-

ment and. tkre panting persisted even ttrough there was a zo1

falJ- in deep body ternperature. Simi-1ar1y, heating ttre

marnmary region of fema1e goats induced pamtíng but this

rùas accornllar'tied by a i'ise in rectal temperature. This

suggested the exis'bence of warm recei¡tors in ttre inguirral

region, a1 tiroug}. tTrere is an apparent contradiction betrr¡een

threse later two fi.ndings. One J.eads to the conclusion

that ttr.ere i.s an inwerse relationship betr'¡een body tempera-

ture and respíration rates, whereas tfre other implies a

direct relationshi;c.

Ttre present study was undertal<en to exa¡nine the

dístríbution of peri"p?reral therrnal r:eceptors on tl:.e si<in

of erves. In wierv of tlr.e prevaj-J-ing r-¡.ncertaj-nty about the

roJ-e of respiratory passages in tirernoregrrl-ation, aÍ\
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attempt rvas made to 1oca1íze the distri-bution of tirerrral
receptors in the respiratory passages. Ðxperiments r'{ere

aIso conducted to confirm thre existence of cold receptors
in ttre skín ì¡eneat}. tire f1 eece. The temperature of tLre

blood in the carotid. artery of unanaestLretized. sTreep

Iìras kept under continuous observation in ord.er to see

whether or rrot the changes brought about by local treating
or cooling of certain regions of thre skin and naso-buccal

area were co]]related with various body temperatllres,

respiration rates, and heart rates.



LIÎÐiìATUIìÐ Ìl,EVI.Ðl,if

p¡LEslriil _coNcÐpT oÐ tsopy -lEliEÐgaTU]ìE

Body ternperatrrre can be measured at warious sites

o1'l the a¡rj-:nal body; e.g. oral , rectal anrd axilLary tempera-

tures are often used clinicalJ.y to indicate deep body tempera-

ture, fn classj-ca1 pirysiological studies cotlcerrred rr¡ith }.eat

and tenperature, rectal measurements hawe been tkre favorrred

rnethod for obtaining deep body teraperatrlres in marurnals.

l-Ior,¡ever, recent studíes indicate tlnat, rectal- temperature

j.s inadequate as a measure of deep body ternperatlrre, espe-

cial.I-y during sudclen fluctuations in the lreat content of

tlre bod.y. Benzinger (lgSl) sho¡sed tlnat v¡hen hrrr¡ans trl'ere

subjected to drastic changes of temperature either inter-

nal.ly or external-J.y, tkre temperatu.res ín three different

cranÍ.al- locations, narneJ-y, the anterior ethmoidal- septum,

lì.osemrrl]-errs fossa on the stem of tire interna]. caroti-d

artery, and the tympanic membrane, ran paral-IeJ. to one

another but the rectal- temperature on tlr.e otirer hand very

poorly paralJ-eJ-ed tlre crania1 temperatllres. SimiJ-arJ.y

B1i6h (l95Zu) fotmd that bot}. rectal. arrd bícarotid blood

temperatu.res sta::ted to ríse in slreep rvkren the a¡nbient

temperature was raised. from zOoQ and. lfmg/L absolute

lrumidíty to 4OoC an¿ 45 mC/L absolute hur:ríd.íty. Horuever,

rvhen the h.unidity lvas Ior+ered at tkre end of an experiment

at 4OoC rvittr high hrurnidity, rectal ternperature continued

to ri-se or remained steadt' fo:' 1O minutes rul ile bicaz'otid



blood temperatrrre started. to fal1 ímmediatetry. These

results indicate tlrat changes in the Ïreat content of ttre

body are not imr¡rediately reflected. in the rectal tissue.
T}.e temperature of an¡r tissue is gowerned mainly by the

temperature of the arterial blood. supply and. the rate of
blood florr' -bo it, its loca1 treat prod.uction, and the heat

exchrange v¡ith t}.e surrounding tisstre. Grayson (lgSl)

observed that temperature in tkre rectum may be influenced.

by the rate of blood fl-orr¡ through it.

It is unJ-ikeJ-y that the temperature of any one

location is a" true representation of deep body tempera-

ture, rrhereas tnat of the blood su.oplying trre brain is
likely 'ùo prowide a better measure of ttre ckranges which

affect central tkrermoregulatory mechanisrns. I{owever, it
rvas not unti]. Bligh (lg57u) successful]-y imp].anted t?rerr¡ro-

couples j-n the bicarotid tru¡rlc of ttre calf tlnat it became

possible to record the temperature of ttre blood flor,ríng

to the brain, for pro.longed. periods, in a conscious animal.

rn an atterapt to find reproducible results ind.ica-
ting ttre relationship betrveen the response of sr.veating

and internal amd cutaneous sti-muli, Benzínger and raylor

{lgel) fouira the tympanic membrane of trre ear to be a-

reliable index of deep bod.y temperature. llis non-surgical
technique does not readily lend. itse.l-f to aninal research
becarrse each anima]- tras to be thorouglely trained. to perrnit

tl.is lcind of treatment.
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Hypothal-amic temperature is general.J-y considered

to be a more reliable index of bod.y temperature (Benzinger

and Taylor, 1963). But introd.uction of temperature sensing

elements directly into tlee trypothalamic region may welJ.

procluce a wariable degree of injury and conseçluently affect

the t}.ermoregulatory rnechanisills. In vierv of these limita-

tions, carotid blood temperature Tras gained colsiderable

recognition as an index of awerage body temperaturet

since tkre tetnperature of the arterial blood leawing tkre

heart ca:r be considered as the mean temperature of tkre

circulating b1ood.

HE4!f þlxClgANGÐ__iqi ilO E4:j\Tf S i"f si

PlrysioJ-ogists general.ly refer to rectal and skj-n

temperatu.res as core a¡1d shell ternperatures' respectively.

Heat is produced as a resuJ-t of metabolic activity ín

the body and is conveyed to the skin surface. Depending

on tkre tkrickness of the skín and the ai11bient terrtperattlre,

kreat is lost to the at¡nosphere by way of radiation' corl-

duction, convection and ewaporation at the skin srrrface.

C iqçulatory _q{Ljgs !_mqirt s iq_hçal 9*haL6g

One of the most imr¡ortant functíon of th.e circrrla-

tory system J-s tkre reguJ-ation of kreat transfer frorn tkre

metabolically actj-we tissues to the body surface. Ttre

circulation is ideal]-v suited for this function ín that

the ireat conductiwity and tl'e specific kreat of blood



7

are higl'r..

Forster et a1. (tgl+e) observed ttrat vasod.ilata-
tion in a Ïrunan hand begíns at an ambient temperatu.re

of 22oQ. ïlertzman et a1. (1946) showed th.at r,¡itirin the
hand, tLre rate of circulation in t}.e digits r'ras rela-
tive]-y greater ttrasr ttrat in the metacarjra]- region of
tlre l.and. trictrna et at. (lgyo) trawe sirown that tkre

oweral-I- blood florv to the skin varied. from 0.16 l/*2/
minrrte in a nude resting man at an arabient tenperature
of 28oc to 2.6 L/n:t2/minute in rnen rnrorking in an extremely
hot enwironment.

Peripheral blood florv in ruminants }.as not been
j-nvestigated but certain d.ed.uctions hawe been ma<le from

surface teurperature stuclies. Iïindlay and Beakley (lgs4)

exposed an S.yrskrire calf to an envj-ronmental temirerature

of 12oc. Tkrís temperature was tleen raised slovrly to 2ooc.

The rectal and ear temperatures were neasured repeatedly
at J minute intervals. a, zoc rise in amlci-ent temperature

('ra) frr:m 18oc to 2ooc was accornpanied. by a t3oc rise ín
ear skin temperature (tpS), t:nat is from zzoc to 35oC,

r.¡l.ile tt¡.e rectal teml:erature (.rn) remainec fairly stable
at 38oc " The ratj os of tkrerrnal conductances from ear ro

e'vironment (Tps-'l¿) ared. from core to stre1J- (t*-tBg)
rsere calcrrlated. 'rhre aut?rors observed that a 20Õ rise in
environnrerrtal temperature rvas accompa-nied by a zo-îoLd_

increase in blood flor,s to ilre ea:r. ìrrhittorv (lgsz) made
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a detailed study of tl.e skin teinperatrrres of the extre-
r'¡ities of the ox at a:nbient temperatures ranging fronr

-5oA to 45oC. Betrveen ambient ternperatures of -joC a¡rd.

zooc, large wariations occurred, i-n the skin temperatlrres
of der'rlap, ears and. sk¡.anlc. The sr<in temperature at the
base of t|e tail r,'as relatively greater than at the tip.
i'rhen an inflated cuff was placed. arou'd the forearm at
ambient tenperatures of ooc to zooc, there rvas a o.Joc
to B.3oC fa1]- in skín temperature of shank amd l¡astern
regions. Holvever, skin tempera'Lures on the corresi:onding
regions of the opposite leg d.i-d. not change cturing the
same period. 't'j'hen a¡nbient ternperatures rangecl from 35oc
to 45oc, skin temperatures closely follort¡ed thre ambient
temperature- l'trese ckranges srrggest tkre importance of
circuJ-atory adjustments in thermoreg.ulation.

BJ-axter et at. (lgSg) made a detailed study of
sensible heat loss i-n sheep at anrbient temperatures
rangirrg frol* Boc to 38oc and parti-tíoned the Ïreat losses
d'e to radiation and. convection. Heat losses d'e to
radiation and corrvection i-ncreased rt'ittr d.ecreasing

ambient temperatures at tkre rate of JO and JJ Cat/m2/
24 nr/oç, respectiwely. Tkreir experiments arso d.emons-

t-rated that conwection losses increased. with rrody ¡-llove-

ments during shiwering arrd panr.ting. the tissue condrrc-
tance of heat increased ri'i-th rising ambient temperature.
Ðurireg tire ínitiar stages of shiwering, betrueen amrrient
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temperatlrres of 18oC to 23oC, tire tissue cond-uctance

rr¡as minirnum (zzS cat/mz/24 nr/oc) and j-t then increased

markedly to j1A CaL/rn2/24 nr/oC, wklen shiverj.ng r{as fuJ.J.y

established below ambierrt tenperatures of l BoC. 'Ihese

ciranges in ttre therrnal conduciiwity of tissues between

the initial stages of skriverin6 and ¡o¡tren skriverin3 r{as

fu1ly estal¡lished rirere attributed to changes irr ireat

production resulting from contraction of fascial. muscles

and redistributiorì. of blood to appendages. 'lkrese findings

j-ndi-cate that there are Þ¡íde varíations in blood flors to

dj-fferent s}<in regions.

Ins_ulati-nß effect__gf fleec_g a:nd }- air

þfacFarl-ane gå 3!. (lgSg) observed th,at, in sheep,

a fJ-eece J.engtle of ll crn couJ-d. prodrrce a temperature gra-

dj-ent of &5oC. îÏre temperature at the tip of the rvool

was BToC ruhile stand1ng in ]rot sun, lrrhereas tlr'at of the

skírr su-rface r{as onlv 4zo1.

i3laxter et a1" (lgSg ) studied tlre effects of

environlnental ter:rperatr-rre orr the errerg-y metabo3.j-sm a¡rd

kreat e::cleange of shee.o in the s}-orn condition and luitle

varying leregtFrs of fJ.eece. Ileat production remained

fairJ-y constant in fleeced, sheep (lO-lZ cm fJ-eece) at

anri¡ient temperatu.res of 11oC to 33oC, wl:-ereas in sh.orn

sheep ( t mm fJ-eece ) tlrere 'tr'as a linear increase in heat

production as the arrlbient temperatrrre decreasecl frorn

38oC to 11oC. Tieey cal-cuJ-ated. tire critical tenrperature
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of sleeep rt'ith different fJ-eece 1engths and forlnd that

heav-y fleece depressed the critical temperature of the

animal- . For exarapJ-e, sleeep ruith 1 ¡ru¡r fleece had. a critical-

tempe:"ature of -joC. Since critical temperature is tl-e

temperature belorv rvÌlichr the animal. must increase íts

heat prodrrctj-on to maintaín constant body tenlperatrrre

(erocly, 1941), these wariations in critical temperature

of shorn and r:nshorn sheep clearly demonstrate tÏ¡e effec-

tiweness of fJ- eece as an insul-ating 1a¡rgp.

Sclr¡ríclt-NieJ-sen et- _a_1. . (l gfZ ) found, th"at camels

rr¡ith. iratural fur irave a lorter ruater intake tiran ruhen they

rrere si:.orn. Since r,,'ater expenditure iry tlee anilnal body

íncreases rcitle heat 1oad, their experimerrts prowic.led an

indirect evidence of the effectiweness of ttre ani¡¡ia]. rs

coat under kreat stress.

i:,-wapoFatiwe-_,þeg jÞJo.ss_f ro4r-!åe_"_s_lç-q_SJ+],.L+_ç_q

Panting kras been regarded as ttre primary mec}.anisr.l

on rvhich cattle depended for kreat loss in hot and let¡:lid

environments. r..'Iorste11 and i3rod.y (lgfS) expr"ssed t}.e

opinion that cattle, unlike rllan, do not sr+eat. I{orrrewer,

îìobinson ancl Idlemra (lgSS}, Knapp ancl Robinson (1951+ ) .ttd

l,{cDorr¡eJ-J. S-!. el. (lgilr) cJ-airned tkrat arr effective mecleanisr¡

for moisture waytor:-zation from slcin mrrst also e>lj-st,

since total- heat loss rvas alrt'ays greater ttran that

accounted for by res,oiratory ewaporative loss al-one.

Þstimates of the rate of surface evaporation lvas obtained
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by aereated capsrrles applied to the body srrrface

(i.lcDor,'e11 g.!. 4]-. 1961). t.helr founcl tltat under dry con-

ditions (zoit" relative hunidity), the rate of surface

evaporation increased ¡.yit}f the rise of temperature frorn

3OoC to 45oC ry¡ereas at \Oy'o reLative hu:ridity the surface

evaporation increased betr"¡een antbient temperatu.res of

28.30C to 32.7oc ;,,ltt decreasecl at 35oc. irfclean (lge1\

ilwestigated tkl-e relative efficielLcy of various body

areas for surface ewaporation b¡r fhs aereated capsule

nethod. and for-:¡rd, that the rate of ewaporation rtras hrighest

at the shoulder region, follorved by the necl', trindquarter

ancl cLorsal regíons of th.e trul1k. The evaporation frorn

tlre ventral bod.y surface r,ras signifj-cantLy less tkran that

fronl the dorsal strrface of tite body"

The evid.errce cited a'powe suggests that evaporative

losses through tire skin are associ¿tted rvitkr sweat gland

actiwitlr ancl distribtltioIl over tkre }:ocy sLtrface. Ferguson

arrd Dor,.rlj-ng (lgfy) *.d Doruling (tg¡g) clearly deroons-

trated t}.at tkre sryeat glands in cattle are functional

ancl do respond to thrermal stimul j-. subsequently, ttre

secretory nature of these glands was confírnted by several

rvorlrers (tr.itatay and. Jentiinson, 1g60; Taneja, 1956)'

j,.Íorphological stuCies of the srìIeat glancls ltrere cond-t-rcted

by díffere't v¡orkers (Yamane an¿ Ono n 1936; Irindlay and

Tang, 1g5O; Carter ancl Ðorvling, 1954i i{ay ancl Fiayman,

1956; i{ay , 1g5g) . lda1. ¿rr¿ r{a5r¡¡¿11 (lgSø) conpared the
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sr,'ieat gJ-arrd.s of tkre Bos ltar+r-us and P9g-ig¡!i939 species'

tlrel' found. that Bos in_4i_cus krad much larger and more

nLunerous srveat glands. îkrey a1so observed t}.at the srveat

glands it B"åjÆSqq It¡€rê n:ore srrperficially located

than tkrose in Bos taurus. The follovring table points

out wast d.ifferences iI1 srEeat glal1d actiwity of sheep'

cat tl- e anrd lilo-rl ¡

îÁ.ili,.it 1

Ir CO¡.tPAilfSOi{ O}' T}il} }tr{JÌ'-fl3iDi). Otr StlllÁ.1' GL¿.I{ÐS ANÐ Tl-i.l} }rìATÐ

O}' ST,,¡ITâTII{G Ti{ SI{]DÐP, CATTLI' ÀNÐ þJ/à.I.I.

Species Sr.¡eat ,Sletds(no . /crìi* /
Rate of çweating

(s/mz /nr)

S}.eepa

Cat tleb

Ivianc

2go

i ooo

i50

.t)

588

20co

AJ-though t}.e walues in Table 1 are approximate,

they d.o provide interesting information. Tkre sr'¡eat glands

of sheep are less efficient than those of cattle rokrile

tkrose of the hr-unan are higþly efficient in the r¿obiliza'

tion of ruater and subsecluent ewaporatíve coolirrg.

aBrooh anci Skrort ( i g6o)
brulcoowell 

e__t- +1. þgSA); Nay and l-Iaynran (tgS6)
cKuno ltVSö'
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AJ.J-en (1962) stuclied the srveating rates of Bos

anqiclÆ, Jersey and Bos--iq{Lct}g x Jersey crosses- T}rere

\r¡as almost a linear íncrease in srveating rates rn¡ith rise

in slcin temïrerature from 32.20Õ to 37.7oC in Jerseys,

wirereas Bos indicus did not shorv a correspondirrg increase

until the skin tenrtcerature had. risen to 35oC, after rvlricir

the increase rvas linear. This deJ.ay in the onset of

srveating of Bos indjlsgs indicates tkrat tkre thres}.oJ.cl

stirnulus required for the initiation of the srveating

response \,üas greater than that of tkre Jersey.

'Itre evai¡orative treat 1oss from tkre skin of sleeep

Ïras not been studied as extensiwely. A1 exander and Brook

(1960) measurecì. the evaporative nroisture from the skin

and. respiratory passages of J.aarbs (S to 15 days ol-d) in

a closed-circuít calorimeter. The moisture vaporízation

rsas aporoximately the salne from botlr. cl-annels at ambient

ternperatures belorr, 3OoC but at ambíent temperatures above

3OoC the evaporation increased from both ckrannels, increa-

sj-ng taore rapidly frour the respiratory tract t}-a¡¡ from

ttre s1cin. 1{tren cutaneous evaporation r,'¡as bl-ocked by

increasirrg ambient Ìrumidity, ãt a¡rrbient temperatures

ranging frorn 4ooc to 4toC, respiratory evapora.tion

j-ncreased. Horr¡ever, rvi:en the respiratory ruoi-sture J.oss

rsas minimized by raising the humidity of tire inspired

aj-r al.most to saturation, wh.iJ-e maintaining noriaal

ambient leuni-dity, there rvas litt1e or tto increase in
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evaporatiwe }-eat loss from ttre ski]l and rectal tempera-

ture increased. rapid'ly b)t aborrt zo1 ' Brook a¡rd Skrort

(196O) deterr"ined tlre total ewaporation from ttre skin

by the dessicated capsule mettrod. in varj-ous breeds of sheep

using 4 irieríno mutant sheep rvittrout sweat glands as

controls. There lvas no significant difference (la.z g/

*2/n ) r" re6ards total. ewaporative moisture, at zOoC

arnbient temperature a¡rd a water vapour pressure of 12.J mm

lig, bet.neen tkre e:lperirrental and control 6roup b''rt tkLe

difference at 4OoC ambient temperatrrre and a rvater vapour

pressllre of ZB,1 mn Hg r,ras signif1cant (52.1 e/*z/nt).

This difference rlias ascribed to srr'eating. l'here IVas IIo

significant increase in sweating rate as a result of

furtl.er increase ín ambient teriperatilre '

Tktese fínd.ings and ttrose of .irlexarlder and Brook

(196O) urrd l{napp and Robinsoïr (lgSI+) suggest that, in

slreep, sv.reat can contribute substant]-af l.y to evaporative

cooling until the annbient temperatrrre approaches tlrat of

the body. Once tkre serrsi'ble Treat loss mectlanisms are blocked

by hig.r ambient temperatures, pantin8 apparently becomes

o\aporation from the respiratory surface is not a'

source of heat 1oss, in ma11, at higtrer ambient tempera-

tures. irccor¿ing to ç,azett (1949), respiratory response

in Ïrurnans skrorr'ed no i-nd.ication of clirect coolíng effect

the ¡nore importarrt channel of breat J-oss.

svapo rat íwe heat 1qe-q-,!-qo **-tJ-,r"- r"9-ææ!
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rvith respect to the ascending ambient teBperatrrre.

Therefore, it may be assrr¡ned tkrat tl,e respiratory appa-

ratrrs of humans is not of great physj-ological importasce

as regards temperature regUlatj-oÏ1 at high ambient tempera-

ture. On tkre oth.er hand., in nrminants 1itrce cattle and

sheep, the respiratory frequency increases by J to 10

fold in response to a rise in aml¡ient temperature ' Findlay

(lgfl+) shorved. that, in cattle, tlre respiration rate

increased. r,¡itTr a rise in anrbíent ternperat¿re and finally

reac1- ed. a- maximrrr:i of 11O/minute at ambient temperature

of 37.BoC. BJ-iglr (lg5Zu), r'rorking rt'j-th slreep, for:'d

simi-1ar increases in tkre respiration rates. If a condi-

tion of hígh krumiditlr ro'ras superimposed upon an already

high annbier:-t ten:peratrlre, there ruas a frrrther i1}crease

in respj-ratíon rate.

'fFrere a1rpears to be no general agreemerrt as to ttre

amount of heat lost through waporizatíon fro¡n t]e respira-

tory passage of runinasts, Kibler a1cl Brody (lgSe) estimated

that about 35f" of tkre Treat prod.uced. in cattle rvas dissi-

pated. from tkre respiratory tract of a panting animal-

by va1:orj- zatj on. iríeasurernents made by mask tecirliques

(Mclean, 1g63) shorved. that respiratorS. ewaporative cooling

accou:rted for only 25fo to 35/" ín catt1 e. Lee (lp¡o) m"a-

sured the respiratory rate as r'¡e1l as the respírator¡r

wohune in sheep and estimatecl the rate of evaporation,

assurning tkrat tkre expired aiillt¡as fully saturated at
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body temi:erature. His results indicate that tLre rate of

eva,oorative rnoisture J-oss fron tkre respiratory passages,

d.uring parrting, could. be as higtr as 1 g/m:-nute. lkrapp

and. Robinsoïl (lgS4) caruied, out a comparative stud,y

of ewaporation from the respiratory passages of a

Jersey cow and a Corriedale erve. ì'/leen both animaf s rtlere

subjected to simiJ-ar envirorunental. conditions rangíng

from 3OoC to 45oC, respiratory evaporative treat loss

in the cortr arnounted to about 1/5 to l/g of ttre total

Ïreat loss, rultereas in tkre sheep it amotrnted to about

1/3 of th.e total lreat loss. 'Ihis suggests tlnat the

respiratory cooling meclaamism is of greater importance

j-n sireep than in cattle.

1'here Ïras been sorne doubt as to the ].ocation of

the site of ewaporatiwe kreat .loss in the respiratory

tract. The site of evaporative cooJ.i.ng ruas investígated

bl' Bl.igh (lgSfbj. ile measured t}.e temperature of tkre

blood. in t1-e pulmonary artery (f.,,) and bicaroticl trurnL<

t^ \ .(Tg) and found no differences between Tp-Tgqêven wiren

the cal.f ruas pairting. He tirerefore srrggested the term

I evaporatiwe cooling in the respiratory passages I instead

of tlee rrsual term tevaporative cooling in t} e lungsr.

Ïngrarn and rrrihittoru (lgSZ) observed Lhat large increases

in the respiratory rate rrere associated rvith a sígnificaut

faLL in jugular blood temperatrrre and tlr.us corraborated

B1ígkrts (lgSZa) f:-naings tirat evaporatj-we cooling occtlrs
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i.n tlre upper respiratory "uract.

'fi{E8Ì,igÀì Ð q{ÞÂ To 1 tY-'lÉpq F-IAN r 9l"1 ç

One of tl:.e major discoweries in tkre fíeld of

temperature regulatiorr rvas tirat lvhenever hypothal.arnic

lesions rvere present, tl-ermal homeostasis I{aS eliminated

(ott, 1877j. this rvas fol-J.orved by luleyerrs ('tglS) postuJ-a-

tion of tlre rdual. centrer theory of irypothalamic control.

of kreat 1:rodr-rction amd heat loss. Since t?ren, t} e exis-

tence of t?rernoregulatory centres j-n the krypotiralamrrs

Tras been estal¡lisir-ed for several species of mammals

(Ranson, 19&O). In the cat amd monkey (ttlagoun eù ql" 1938;

Beaton et af-. 1941) I-ocal heating of tkre region between

the optic chi.asrna and the a¡rterior coinmissure r'Jas accom-

panied by wasodilatation, an increase in respiratory rate,

ancl srveating. In ttre oxr heating of a cliscrete region of

the hypothalanus caused. panting and. vasodilatation (ninatay

and Ingran, 1961). fn goats, And.ersson and Persson (lçSZ)

dernonstrated the existence of a di-screte heat loss centre

in the leypotl-alamu.s (preoptic area), electrical stimula-

tion of r^¡hicir results in the initiation of panting and

wasodilatatj-on. Stimulation of these areas for a prolonged

period led. to 1Ooü fall in rectal teill:eratltre. The same

ryorlcer (Ánd.ersson, 1957 ) o1:served. that electrical stimula-

tion in tÏre vicinity of the septr:rn pelJ-ucidum produced

sleivering, peripheral vasoconstriciion, and piloerection.
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until recently it ruas not clear whethrer tLre hrypo-

tTralarnic centres respond to changes in the temperature of

its 0r.rl.L environ¡nent in the intact animal 0r lt'h'ether nervous

excitation of periplteral origín can be a:r adequate stimulus

to actiwate therrsoregr'rlatorlr mec}.anisms' It lì¡as assrrned

that in an intact animal a¡r increase in body temperature

actiwates a coordinated. lreat 10ss rnec?rarrism involwing

panting, cutaneous vasodilatation, and sr,reating (Folkorv

et A-!. 1g4g). Äs early as 1879, SihJ.er demonstrated tttat

the nornral stimu.lus to parrting in the dog ruas errtirely of

reflex natrrre, origirrating fron tlie perípkrery. P.andallt

Ðeering- and Douglrerty ( t g4-8 ) shor"ed that the stimulus to

srreating in nran can be entirely <1ue to peri;oheral ternpera-

trrre stimr:lation. Beakley and Findlay (lgSS) showed tnat,

in the calf , a moderate thermal rise of l OoC in a¡rbient

temperal,rtre, froln zOoC, ca*sed arr increase in respiratiorr

rate. Th.ís rise in respiratio-n rate l{as not accompanied

by any rise in rectal temperature. The lack of rise in

rectal terrrperature d.uring panting sug8ested trrat the

stimulrrs to tl.ermal polypnoea could also be of peripheral

orj-gin. A nr-r¡nber of investigations, aimed at determinj-ng

the extent to r,vhich playsiologíca]- ten:perature regulation

is cerrtral or peripheral , tra.we been undertaken (I'Ierning'way,

1g3B; Forster a¡rd Ferg"uson, 1952; Lim and Grodins, 1955;

Andez.sson et aL. 1956; I\rsco e! q,l. 1961). I{owewer, these

studies Ïrave tended. to indj-cate both a central and a peri-
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pheral t.irerii¡al con'tro1 ntectranÌ-sm inay be involweci'

Inruminanrts,ti:.etnernoSel-}So]]yreceptorsinthe

sl.lin apiùear to play an i-,nporta¡:rt role ín t.hermal panting

,¡bren tjre a:rirnals alîe sub j ected to .heat s'bress . 'iitrerr

calvesi hTere subjected to hígh annbier:,t-bemperatu-res, Bligh

(lg5Z") noted tnat panting star:terJ everr in tl e airsence

of any increase in tire temperature of tire blood supptr-y

.bo tlre braln. l{e observecl (øfign, 1959} a si¡nilar reaction

in sheep. Tirese findings indicate that 'Lh-e tTrerrnal st'imrrhis

to pantirrg corrld be entírely peripheral in origin just as

stj-mul-atiorr of tire tl erlaosellsory -llerve endin.gs in humam

stiin índuce srt'eati-ng (Iie::sla1<e, 1955') '

I,raites iyezj oJ:serwecf tnat at an am-bient terirl¡era-

trrre of 1BoC, kreating tire scroti-rrn of a fu1ly f1 eeced ram

to o-x¡eï' 36oC evolcecl polypnoea r.r'hicln i-r.¡necliately stopperl

rr¡hen tlre s'timr¡1us rqas tsithrdr:al¿n. T.i¡n-zeLL ancl BliStr (1961)

obsei.ved sirsilar l'esporrses rviren the ina:runary regiorr of

goats r,reÍ'e subjected to ireating. Bliglr' (lg6So ) made sorne

ínteresting observatiorrs on the respiratory rates of

sho.r'rr a¡d urrShorn Sþeep' Àt cþaitr-l¡er tem'oeratu't:es of 2OoC,

he four:-d t],¡.at' 'bhe respiratorlr rate in shorrr stìeep \t'as

distinctly lov.reilLTtas:I t::nat in r¡.nshorn sheep. r;\tlen tlre

aml:ieirt ternlrerature t.¡as raised fron 2OoC to 4ZoC, rrr¡icir

I'¡as accomplished. in about JO minutes, the::e r'¡as an imme-

diate rise in -blre respiratory rate of the urrsl¡-orn sÏree1l ,

r!.rlereas no such response occurred in tlne sirorn slreep
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for a period of JO to 4O minutes. Äfter this períod there

T¡¡as a sudden onset of pantíng in the s}.orn sheep and ttre

d.ifferences in respiratory rates of shorn and unshorn

sheep i{ere insignificant from then on. The lower respíra-

tory r ate of shorn sh.eep at a-ïL ambíent temperat¿re of 2OoC

and. the d.elay in tlee onset of pa:rting after t|e tempera-

ture Ïrad reacfre¿ 42oC were observed even in unskrorn sheep

when a,. area of 2JOO 
"rrr2 

rou.r closely shorn on a,.y re¿çio¡-

of tþeir trunk. Tir.e deirression in respi-rator)r rates in

shorn sheep at 2OoC luas attributed to thre presence of cold

receptors ot1 tþe skin and their subsequerrt s'bimulatíon.

lLre d.elay in tt- e oÌ1set of panting at an ax bient tempera-

trrre af 42aC ryas believed to be the carry over effect of

ttre preceeding stimulation of cold receptorsr tirus causing

a ternporary ne1'vo¿s block via the teypothal-anrus on tlre

rlrarm receptor i.mptrl ses ]-eading to indrrctj.on of polypl1oêâ.

1.Tre onset of panting after ttre delay was attributeci to

tl.e rr¡itkrdrarval of tkre aforesaid temporary block betrveen

ïiarm receptor drive and respiratory centres. These findi-ngs

and those of l,Iaites ('t962) sieoro'ed. that t1'ennal polypnoea

corrld 'be induced by peripkreral- l{arm receptors alorre. The

I.Jarnt receptors lvere Concentrated at Speoific areAs over

the body srz:rface, T\rhereas the cold receptors llere uniforrnly

distributecL over tlre exter:ral surface of the body.



MÄTERIALS AbID IqJÙTHODS

Jininals

-l'-ol-urlve]-l-t:r'ainedrad'ultSuffol-l<ewesrveigning

ilet"'qeenso-g5kgrvereLrsedaSeJtperimentalanimals.Selec-

tionoftlreaninalsll/asliia.leont}rel¡asisofobservatiorrs

t..at aLL animals hacf sirníl.ar pulse ."ate, rectal tempera-

ture and resPiration rates'

Manaqe¡nent

'Ihe experímental animals \'rere maintained in a

holding roonr containireg a modifietl metaboJ-is¡n crate

(fig-re 1) provicied. with feecl ancl rvater troughs' After

tl:-e necessary srrrgical- preparations' tTre sireep r!¡ere

i:roughtintottrrelrold-ingrooll1andinaint¿:.inedt.lrere'

e,xcept rvhen subjected to sieo:'t terln thermal treatulents

j.ntkreclimaticcir.amber,fort]recfu::atíorroftheexperi-

inental períod. 'fhe tenperature of the holdi-ng rooil

rangecl from zOoC to 22oC rr¡ith 53 to JJ/o reLatiwe

hurnid.ity. 'lire holding roor:r v¡as rvell ligirted ancl

wentilated.

']ìne aninals il¡ere fecl appro>limately 25O I of collcerr-

trate (s,rplrlernentecl with cobalt-ioclizerl saf t) *td 5OO c

of goorJ qirality ciroi:ped hay in the morning betro;een 8'lO

and 9.O0 a.nr. and ai:orrt 5OO g of hay in the afternoon

6etrr¡een l+.3o a-r-r.d. 5.oo 1".rn. 'idater r{ras provided ad libitum"

Freedorn of rilo.¡ement rvithin the crate arrcl tire rr'a1k to and

frol-¿ thre clj-matic ciramber , a:r o.ut 2j yard.s' \rrâs their
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o11]-y exercise.

The s?reep r¡ere slreared partially or fullyr as

reqi-r.ired. for ttre warious experiments, rvith rOsterr smal-J-

anímal clippers (røoaef az) rvitlr a fj-ne (size 4o) head'

The fleece rùas sheared ewenly so that orrly about 2ltun

of wool fibres remained above t1- e ski-n surface. the

clippers r{ere appJ-ied. trçice weel-.ly, so that a rsllornl

animal trad a standardízed coat I-ength throughout aÍL

experimental period. W}.en re-ínsulation rùas n-ecessary'

the sbreep was cowered rvith a skreep slcin coat tailored

to fit tlre shorn a.:;ea.. The coat r.¡as heJ-d in position

by ti.e aid of leatkrer straps.

Exge{imente_]-

jlxperiments rn¡ere conducted after tlre animals had

fully recovered from surgical procedures and Ïrad adjusted

to the new conditions ín ttre leoJ.ding room. !-or each

experiment, the sireep rsas walked into tlle climatíc

ctranber, rvir.ose temperatrrre and relatiwe h.unidity r,'ias

preset, and. pJ.aced ín a metabolism crate. On ti:e day of

tTre experi;nent the test ani¡nal- ruas not giwen food or rvater

in tkre nrornin6. During each experíment, the skín, carotid

and venor-rs bJ-ood and rectal temperatllres trreï'e recorded"

In some experiments, the tractreal temperatures rrlere al-so

monitored. Respiration and ireart rates were a]-so recorded.

Al]- tlre abowe mentiorred measrrrements $Iere recorded at

intervals of J rainutes. .A.fter the wariou.s measlrremerrts
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rrTere recorded, r,Jfrich did not exceed 3 trours in most experi-

ments, the arrimal rvas provided r,¿ith feed arrd water. 'lhe

experiments were conducted i-n sucl. a rüay t}:at, eactr sireep

r¡as used every fourth day. Tl-ís sc}.eduJ-e permitted suffi-

cient ti-me for the anima1 to recover from carotid a:rd

venous punctures.

P]-arr of experi¡nent

Pre]-iminary, exgeriment s

Experiments were condrrcted to study t}-e effect of

removal of fleece in stages uporr respiratory rates and

vari-ous tissue temperatures at ambient teinperatures of

zOoC and JJ$ reLative hr:mid.ity" An area of about IOOO "*2
(5O * 20 cm) roras closely sl.orn on th.e tieoraco-lrrmbar

region. 'lhe slorn area rüas progressíwely increased upto
.>.

3ooO ctn' (6O x JO cm).

Experimenta]. s ctreçlg]-q

Tkre experimental sctredule h,as been diwided, for

convenj-errce, ínto 3 types of experiments.

Tvpe 1

In tire first type of experínents, tïre mamnrary regionl
"nas kreated by an electric heating pac2 (:5 * 3O crn) to about

4OoC to exanaine ttre d.istribution of warrn recer¡tors on the

naked skin regions of, the body. Tl.e leeat treatment was

carried. out in the c1imatic ckra¡nber at 20/55, 15/55 and

1O/55 (¿ry Trulb temperature, oC/ reLative krurnidJ-ty, %). In

'llencefort}- ca].].ed Tlerineal re¡*íon
2ç . H. jrhdress Co . , Ltd . , Branõford., Ontario, Canad.a
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slibsec,uent experiïrlen.tsr a sl:rorrr area (gOO cnt2) on the

tru¡-li or flanl.- region, I\ras lreated. to aborrt llOoO to deter-

niine tlee effect on respira.tory patterns and variorrs bocly

temperatl-tres. In art attempt to study t}.e role of fleece

in tlrermoregr-rlation durj-ng peri1real heating, arr area of
)

3OOO crrt rr'as closely shorn on thre t]. oraco-lurn'bar region.

Ty¿e_ 2

'Îhe second type of e>cperiments l'üere conducted to

stucly tTre effects of rise and fal1 in anrbient temperature

ort carclio-respiratory activities and various body tenlpera-

tures. the ani¡nal s spent the first JO nrirrutes in thre ctram-

ber preset at 2OoC and JJfo reLatiwe irumidity. ltt tkre end

of JO ririnutes, the c]-a¡nber temperatu-re l{as raised. to {lOoC

ancl maj-ntaj-ned at tkrat level for the dr-rration of the experi-

rrtent. 1'he ciramber temperature rose slorvly at t}.e rate of

O.5oC/minute. Iìelative krurnidity wariecl between 4O an¿ 5O"/L

rt¡hen the cha¡aber temperature ÌüaS rising. After attaj-ning

4Ooc, the relative humid-itJ' of the chranrl¡er remaíned close

to 52d,". -å.fter therrnal polypnoea krad been establj.shecl at

fuOoC arrcl 55f, reLative hr:nídj-ty, tkte cleamber temperatu.re

.was l-owered to 1OoC. There rvas a- 15oC fa1 1 in cktar,rber

temperature during tkre first 1O minutes ãfid â- frrrtþer

1joÇ fall in thre next JO minutes. Tire rela-bive humidity

tr¡âs trot controlled- during fall in cliam'ber temperature and

waried betrr¡een JO ancl 6O".¡t.

In order to study tb-e distri'r¡ution of coJ-d receptors
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or1 tire tLroraco-lumirar region, a cool-ing pad rvas appJ-ied

to a- shorn area (gOO .m2) orl the lumbar or tLroracic region,

after t}-ernal polypnoea irad been estaÌ¡lished at c}.amber

temperature of 4OoC and JJ/. r^eJatiwe Ïrumíd.j-ty. TLre pad

r.Jas perfused rEith a mixtrrre of al cohol and dry ice, so as

to J-or¡er the skin temperature to about 1 OoC.

lxpsl
In tkre final type of experiments, âf attempt rvas

rnade to investigate the distribution of thrermal receptors

in the respj-ratory tract. À face maslç enclosing the naso-

buccal area rvitkr. a continuous controlled air sr-rpply' "i\ras

used. TLre temperatrrre of tlre aj-r supplied to th.e face

maslc could be contro1led independently" For threse experí-

rnents, the ani¡nal s rrere fitted rvitl. modífied- trackreal-

ca¡rur.lae, t'kre pulmonary end of t}.e canula was corrnected to

a polytirene tubing (wo1-1OO cc) to cor,rpensate for t}.e dead

space in tir.e tractrea a:rd tkte naso-brrccal cawity. This was

done in order to prevent tn"e CO2 effect on respiration

rates. lkre aninal-s spent ttre first 30 minutes wearing the

face mask in the cli¡uatj-c cl:.a¡nber r,¡l¡ich rrras preset at 7OoC

and. 55fo reLative huiníclity" A'fter iO minutes, tlee tempera-

ture of tkre naso-buccal aír rvas increased to approxinrately

l+OoC. Thre relative humidity of the rraso-bucca]- air l'¿as not

controllejd and varied betrveer' 75 ar'd- 85'fr. In some experi-

rnents, tkre rlaso-buccal area rr¡as subjected to infra-red

irradiation r:ntiJ. ttre naso-buccal skin temperature reaclred
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4OoC to see rt¡hetirer this region harbors any ttrermal receptors.

An atternpt rr'as al.so made to study the dj-stribution of cold

receptors in the respiratory tract. Dach an-imal spent 12-14

hours at 4OoC aml-:íent ter:perature. Äfter th.er¡nal- poJ.ypnoea

had been established, the naso-buccaJ. air ten:peratu.re rtras

lowered. to iOoC.

Clirnatic chamberl

Test eliÐosures were carried out in a climatic

chamber in rvhictr drv and rr'et bu].b temperatures could be

l:.e1d at a col'l,stant leve1 . lYre climatíc cl¡amber Lras ínternal

d.ímensíons of 2.54 n b:r 1.83 m and 2.54 m h.ig'h. Some of th.e

relevant featrrres of the c}.a¡uber are mentioned beloL'"

Temperature controJ-
I{unidíty control
Air circurlation
Fresh air and extraust
Light control

o to 4ooc t loc
20 to godþ t 2f.
kooo c. ft./min
50 c. f-t. /mín
O to 35OO ft, cd.

itir circu]-atiorr rvithin tlee chamber rvas r¡raintained
-oy tr'io centrifugal- type fans. FJ-exibiJ-ity of air circula-

ti-on could be achiewed by shutting dorvn one fan cornpletely.

Constant temperature was maintained by rodulating the flor'¿

of chil-l-ed g1yco1 solution tlrrough a cooling coil locatecl

rvith.in the cJ.imatic chamber. Tfre glycoJ- clri1ler, g1yco1

circulating pump and, tlre refrigeratj-orr condensing unit

lrere controJ.J-ed automatical-J.y and provided a constant

chilled gJ-ycol supply as requíred by t}.e control system.

lConstructed by Cold.stream Prod.ucts Ltd., hrinnipeg, Canad.a
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A prograinmin¡5 type of temperature co¡troller1 control.led

treating a:rcl cooling and. maintained a predetermined tempera-

ture.

llunidity was prowided by pneumatic rvater sprays

located in the air plenum. The water sprays lqere controlled

frorn thre r'¡et-birlb temperatrrre cam in the recording controller.

Hurnid.ity control was linited. by a OoC wet-bulb tenperature.

Sur gi- c a]. prg ce9!rr_e_s

q"æ-!åg*ls.sp

Ti.e surgical procedure described by Bone et g+-.

(1962) lvas follorr'ed for t1.e preparatíon of carotid loop.

t'Ìre metkrod is brief1y described belorr''.

After a11aesthetising the anrimal withr ideinbutal., the

ríglrt external carotid arter.y was approached through a

10-12.5 cm long incision tkrrotrgkr tkre skin and subcutaneous

tíssue, at a level anterior to the bifurcation of the

Cleid.o-occipitalis arrd Cleido-mastoideus muscles and exten-

ding anteríorl)' along t}.e ventral border of ttre Cleido-

mastoidells muscle to a point 5 cm posterj-or at t}.e ramus

of ttee mandible. Á.pproxirirately 12-14 cç1 of the carotíd

artery was exposed. by blunt dissection along tl-e ventral

border of th.e Cleido-occipitalis muscle. The vagus Írerve

whricla lies on tl. e dorso¡nedial aspect of the artery witkrin

tTre carotid sheatkr was bluntly dissected from tl.e artery

1Brrll"tirr= 1i\, 2OZ & 1Ð 2OO. þYrvironnlental control maryal,
Coldstream Products, i{innipeg, Canada
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rt'itkrout camsing undue darcage to thre nerve. 'Ihe smaller

brancl. es of tire carotid artery r1¡ere clamped, li6ated and

severed.

A second incision about 1O crn 1ong, approximateJ.y

4 cm above arrd. Ìfaralle1 to tire first incision I!¡aS ¡nade

tbroug'tr skin and subcuta-neous tissue, in such a \'ray that

the rrridpoints of tkre first and second incisions were at

ttre satne 1ewe1 . The skin l¡etr+een the two incisions was

freed fron'i the body by bJ-unt dissection resulting in a

iO cru flap of skin conrlected to tire body at botkr er:-ds.

The external carotid artery was tþen broughrt to tl.e sur-

face of tlee body and the tr{¡o free edges of tire first and

second íncisions Ivere sutured ryith ínterrupted sutures of

O to OO ckrromic catgr:t, leaving about 2.5 cnr unstltured

portion at eackr end. Ttre carotid arterlr 1¡¿5 t!.en enclosed

in the f1ap of skin produced bet¡,¡een first and second

incisions arrd the edges of, the flap r.rere then sutured r+ith

interrupted sutures. Tlrus, the skin flap served as a trrbe

for carotid artery. Tire free edges at both ends of t}-e

tube ìrrere t} en apposed and closed rEitle interrupted sutures.

The completed operation resulted in a carotíd loop (fi.gure 2)

of approximately 9 cm long rr'itkr. adequate space lceneath ì.t

for J fingers.

P e rnlanel?.t- _t-rlac kre o t orry

The sheep rüere al-so fitted rvittr stainless steel

tracheotorny tubes (fietA pattern; 11 mm lumen). The trachea
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Í¡as approached by a midwentral- incision aborrt 2.5 cra long

through the skin and subcutaneou.s tissue starting fron

the IV or V ring of ttre tracieea a¡d extending posteriorly.

TLre muscles were separated and kraemorrhag-e TìIas controJ.J.ed.

À circular piece of cartilage from trvo adjoj-ning ríngs

rr¡as removed, rvithout cuttj-ng th.e entire r,¡idtkr of eittrer

ring. T}.e trackreotomy tube rvas introduced into tl e opening

made.

I n d e p-e 44 e rr'b rl a E ! - Þ rt cçêl-c-¿¡' c q-]- a--t i o rr e €-g e m ef¿ 1

'Itre assembly (figure 3) consists of a rvell insulated

lsooden box fitted witl. the foJ-lorr¡íng components.

a" t.trree gallon liquid contaíner made of galvani-zed tin.

b. l OOO watt i-mnersion heating coí1 .

c. Simrnerstatf en.erg'y regrrJ.ator, used for the controJ- of
r.vater temperature.

îulotor driven 4 blade fan v¿i-tÏr 15 cm blades.d.

e. rl,{idgetr centrifugal- purnp? measuríng 18.5 cm x 8.9 cm x
8.2 cnr witb a capacity of 7 gaLJ-ons/mj'rt, powered by a
1/2O h.p. motor, and

f, Automobile type radiator having dimensions of 20.j cm x
19.O ctn x 5.O cm.

Hot air rvas produced by circulating hrot rt¡ater

througtr the radiator. r,fhen cooJ- aj.r r-¡as required, the ruater

in tl.e corrtainer rr¡as replaced by a mixture of dry ice and

a]-col.o]-. 'lhe desired air temÞerature could be obtained br¡

lÀssembled at tire ImpJ-ement shed, An1mal- Science Ðepartment,
,University of ii{arritoba, |tinnj-peg, Carrada.
iElectrotkrermal Ehgineering Ltd., London Ð/, Þregland.
3Ðastern Industries, Hamden, Connecticut, U.S.A'.
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regUlating tire temperature of tkre liquid and the liquid

flow througtr tkre radiator. Ttre inlet and outlet from tlre

circulation cha:nber rvere con11ected to a- face mask' encl-o-

síng t}-e naso-buccal area, tttrough a trvo-rvay valve.

Prenaration of a modified tractreal ca¡rrla

In order to stud.y the distribution of tLrermal

receptors in the respíratory passag-es, t}re Field pattern

trachreotorny tube rvas replaced by a modifj-ed traclreal camrla

r.¡ith a cliaptrragm betrtreen t}-e uproer and lower errds of the

tube. 1l'he modified trac}-eal tube (fig:tlre 4n) I!'as prepared

from the tracl.eal tube molct (f:-gure 4.), similar to t}.e one

described by 'íIaldo and Hoernicke (lg6l j rvith s1i-ght modi-

fications " The mold l'las made in th.e machrine stropl using

¡'orrnd steel rods of appropriate dimensions. the right arrgle

joints l{ere held togetkrer by screrus tl.rough t}re base of a

cold-ro11ed steel bar. ?tre upper surface of tþe upper ri6Ïrt

arrgle joints Irrere grot¡nd off, so as to facilítate easier

insertion of the res¿lting plastic cast into the trac}.ea.

'Ikre plastic cast l.,'as prepared accordi11g to tiee metkrod

described by T.IaJ-d,o and Hoernicke (1961j -

Recorêin$ slä;tems

Carotid blood lemperalÞ-ur-es. An ena¡rel-insuJ-ated

copper-co¡rstantan tirermocouple (:o S .fi.G " )' heat sealed'

at tlre junction kread, trr'as introducecÌ into the carotid artery

tl.rougtr an 18 gallge hypodermic needle and passed dort¡n t}-e

1rDepartment of Anínlal Science, University of Ì'ianitobat
Ifinnipeg, Canada.
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lrrmen of t}- e artery until the thernlojr,rnctio¡r r,øas estirnated.

to Ì:e 1¡ring approxiinat,e]-y J-l cfl froin the bicaroti-d. trunl<.
After insertj-on of tirerruocouple, the leypod.errnic needle was

ruithdraìr¡n aïld the tirerr*ocorrple was held. in position by

adhesive tape rr¡ound around tfre tl.erlrlocouple and the carotid.
1oop. The l-ead wires were connected to a rlriicrograptrl

recorcleri go-l series. ?'tre calibrated. accuracy of ttre

recordíng instrument lvas o.01oc and the response ti¡ne for
frrll scale trave]- of 21 cin cirart was less ttr.an a second.

The tLrernocouples for measr.rring carotid blood teniperatu-res
'r'rrere calibrated oI¡er a temperatr-lre range of JJoc to 45oc

against a standar<i glass a:rcl rnercury therürorfleter rvitir
lcnorun i,I.lls2 calibration to within o.01oc, in a rEel-l stirred
rsater batir' ?his calibration held botkr wleen the tem¡rerattrre

of tire batir r¡ras constant and rvhen it rt'as rising or falling
at the rate of 1oc/min, rr']ricrr is in excess of the highest
rate of rise or fall- of carotid blood. tenl:erature th.at

occurred in any of tl' e experirnents.

Jugtt]-aL bl_qod -tempoqetq:i-eg were measured- ryíth a

thennistor probe (tine constant-o.6 sec) ernbedd.ed in tkre

ti1: of a 22 gauge hypodermic needle, 10 c¡¡r i* lengtìr. The

jugular temperatu.res rvere recorcled by inserting the hypo-
dermic .orobe into th.e jugular vein in the 1eft. r¡idnecic

1'i(ipp tt Zonen, Del_ft, i{ol1and.
)-Nationa1 Bureau of Stanldarcls
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regiorr. T}.e position of the needle in the vein was confir¡-¡led

by a sudden rise in the direct recording thermistor bridge

instnr¡,rent as the needle passed through tiee sl<j-n into tt-e

vein. Th.e needle rvas h.e1d j-n this posi-tion wi.th tl.e he1p

of adhesive tape.

Skin-te_¡¡rire.r?tures lùere measured on the lurnbar region

and the pinna of the J-eft eaî (each site was 1f crn i-n dia-

meter). Tire haír at eackr J.ocatiorr rvas clíp1:ed. amd. the skin

siraved to promote good contact by a rBanjor type ttremnístor

( ti-me constar:rt -O . 8 s ec ) employed for. rneasuring sltin tempera-

ture. 'lìhe flat end of tne probe containing the sensing

eleme]1t ir¡as ireld in close corrtact r,¡itiilbhe sls.in bV adhesive

rubber latex at eachr locatíon

Reqta]- åçIryçfplp'Fgå r,rere measured rr¡it1. a rec-ta1

thermistor probe (time corestant-O"B sec). Tkre portion

i-nsertecl i-nto thre recti,rm lt¡as -lO cm 1orrg.

'Iracþea]. ternperatrrres tvere äreasi.rred. rt¡ith a tubular

tieermistor probe (tinre constant -3,2 sec ). lhe probe r,ras

inserted tlrrough the trac}.eal canula. 'l}.e tip of the probe

containing thre sensirrg eLen¡ent l'¡as J-ying free r,¡ithout

touciring t}.e trac}- eal wal-1.

Air: tempe_{ature_s of the independent aj-r circuJ.a-

tion chamber l,üere measured bv a thermi-stor emi¡edded in

th.e tip of a 5/32" diaoreter siainless steel- tube, 1O crn

in J-engtir ( time constant -3 "7 sec ) .

AlJ. tire aforesaid ttrenuistor probes r^¡ere plugged.

j-nto a direct reading bridge thermj-stor instru¡rent (VSf
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12- cÌtaïLnel teletïrernomet.tl ). Ihe r+hole systern r'"as accrrrate

to r,¡íttrin O.1oC.
)

ne:-p+.rat+-çl¡1.-€3!S-9. were measured by a Physio¿-rap}.ï

Tl- e recorcling cha-rrnel consists essentially of J parts, tl:e

transducer (impeoence pneumograph), tl:e processor (amp1i-

fier), and ttre reproducer (record.er). lkre imped'ence pl1eu-

mographr picks up the ¡nechamical mower.rents of the flank

ttrrougþ needle electrodes fixed on tLre fla-rrk and conwerts

tkre¡n into an electrical signal . 'lhe amplifier enlarges th'e

signal and forward.s it to the recording' pen, rr'hicl-¡ repro-

duces the si-gnal in the forrrl of a grapkric record'

Heart rates r{ere deter.mined from electrocardio8rams

lvittr the aj-d of the Physiograph. 'lVo plate electrodes Ttrere

fasterrecl orr eittrer side of th.e chest by mealls of an elastic

rubber strap. Tkre lirool beneath tl.e pLate electrodes was

closely strorn and good. contact establískred -between elec-

trod.es and. skin by means of electrode paste. 'Iire lead r¡¡ires

tJere coir.nected. to cardiac pre-amplifier rviricir in turn v¡as

forwarded to the recordirrg system of the Physiograpie.

The l. eart and. respiration rates ld'ere recorded for

a contin¡rous period. of 2 mirrutes at J rninute interr¡als.

The graphi-c record.s l.vere later analysed and e>lpressed

as heart ancl respiration tates/m:-nute for each J mlnufes.

iYulloro Springs Instrument
2n a H Intrument con, Inc.

Co . , Yellorv Springs '
llorrston, Texas 77021

Olrio, U.S .-4.

t V.V.5.
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RÐSPOIdSÐS OF UI{SHORN AND SI{Oi.1N SI{I'ÐP

'fhe changes in the respíratory rates of partialJ.y

sllorn and u.nshorn sheep are presented in table 2. The

mearr wal.rres of' the respiratory rates show a gradrral

decrease as t}:.e shorn area lìras .orogressiwely íncreased

from loo0 cm2 to 3OoO "^? The maximum d.epression in

respiratory rates occurred ruhen ar1 area- of JOOO .*2 .t"u.=

c]-osel-]r skrorn.

If the shorn area (3OOO .nlz) rì¡as covered rtrith a

sleeep skín coat (¡ cin wool lengtii) overnig-ht and. during

tlre experiment, tlre respiratory rates reverted to tle.at of

tlre unshorn sheep (taUte 2j. Reexposing the strorn area

resulted in an immediate depression of respiratory rates.

The respiratory rates decreased from a steady rate

of Z)-j1/mr:n:;^te in unsl.or¡r sheep ( I O cm fJ-eece ) to 21'23/

mímrte in fully sl.orn shreep. 1'he depression in respiratory

rate was very simiJ-ar to th.at described by BJ.igh (19'í3ø).

Since tTrere luas practically no difference in the respira-

tory rates of ful1y s}.orn sheep and partíally strorn streep
,.
(3OOO crnz sir.orn), rvieenewer tl:e effect of fleece orr respira-

tory responses were studied, under various test conditions'

the latter lJere used"

'ltre warious tissrre temperatures and heart rates

of partiaLLy shorn and unshrorn sheep are presented j-n table 3.
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'llÄljl,,Ð 3

I'fiLAi'{* '/ÀLUES oi¡ vAitrous ljoDy rfssuE 'rDi.fplür/\1'ulÌEs (oc) -|LI'[D
HÐAJTT I¿¡.TES ( P N.It I.iIT\TUTI' ) O¡' LN\TSiIO i{'I JL]'TÐ T'AIJìTLA"LLY

sI{oIiN (3òoo "^2) sul¡op Ät ¡u,.iBfltn'r' T:lt¡,rperr.a-
Tutrut o3' 2ooc ¿i,ru 55% nnyarrvri liuÌ,{rDr'ty

Unsirorn PartiaJ-ly
s}.orn

Carotid blood tem.oerature

Jugular blood teilperature

Lumbar skin temperature

RectaJ- temperature

Heart rate

Mean

38 .51

38.44

38.17

39 .28

7o

+q ¡l

O"O¿t

o.07

o "27

o. og

1.40

iviea:r

38.61

38.51

1) á,"i

39.46

7O

ts.ü.
o. 05

U. UO

s.43

o.10

2.OA

*Mean of 3 experiments on eacb. of 4 sh.eep
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There r.{ere rro marked diff.erences in the carotid anci jug-ular

bloocl te¡nì¡eratll.res of unshorn and partialJ-y shorn sheep.

The skin temlrerature at tlae lunbar regíon j-n unsl:orr

sireep rr'as about 2.11oC and I "34oC lor.¡er ,bTran the rectal-

and caroti d blooci ternperatìrre, respectiveJ-y. I-Iowewer, the

l.umbar siiin temT¡eratrrre of pa:.tierlly sl o-r'n sh-eep r.øas

rirarkedly lov¿er (¿l.5oC) ttran that of gnshorn sheep.

Eïì'¡'itcT oil HiiA.frNG,tcìì prìliI-rDliL ìì.tG.IOt,i

Ti-re períneal hea"t treat¡.i:ent .:,¡as carried out in

tire clinat:i-c chambe:. at 20/55, 15/55 an<1 1O/55 (¿ty j¡ultr

ternpe::ature, oö/ reLatiwe hr-urrid-ity, fr) on unsirorn ancl

lrartiaJ-J.y sirorn streei¡ (3OOO .m2). 'ilire cardio-respirator.y

actiwiti-es amd va-riou.s ti ssue tem;:erature res,oonses l{ere

recorcled' '|ir.e irerineal sirin rras heated. to about 4ooc a-t

a rate of O .5oC/minute.

$S-Fpongqq a!_?_ooC'j5ø

t-he bel.aviour of tire cardio-respíratory activities

and caro.i;j-cl blood te:nperatures j:efore and after ireating

the perineal region of unsirorn and partially srrorn sheep

are illustraïed in figr-rre 5" l.he irnnediate effect of h.ea-

ting tilre lrerineal si-.in of ful 1y f1 eececl s.hee1: rras an

increase j-n tree respiratory rate. Frior to heating, the

il'ìea.n ilerineal sl<in ternperatl'tres a:rd respi_::atorv raies
1.rere jO"BOot arrd l1/ni::nute, respectivell," Ihe respiratory

response started al.mos'b inrnediatel_rr folloi.¡ing perineal
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heating. Betr,¡een períneal- teurperatures of JloC and J8oC,

tkre respiratory rate increa.sed rapidJ-y at tire rate of

8 respiratío:ns/oC rise in perineal- sl<in temperatltre.

Peak walues (96 respirations/mj.nute) rvere attained. 2O

minutes after tire perineal. sliin temperatures Trad reached

39oC, From then on there r,/ere sJ-ight fluctuations j-n

respíratory rates dnring t}.e remainder of tkre experirnen-

taL period. In partia].]-y shorn sheepr on].1r ¿ sma]-]. rj-se

in respj-ratory rates occurred after a delay of about

20-25 minutes. it'he pea1.. (32 respirations/mín:ute) Aia not

exceed the resÌ:iratorl' rate of unstrorn sheep prior to

perineal. h.eat treatruent.

Tl.e mean treart rates of urrsirorn sheep rr¡ere 71 beats/

minute before perineal heat treatment and increased to

84 beats/mínut,e fo11-or,¿ing perineal. heati-ng. Itre ::ise in

ireart rates cJ.oseJ.y paral.leled tl.e rise i-n perinea1 sl.;ín

temperature and leweJ.led off at perineal. skin teizrperature

of 38oC. 'fhe heart rates of partial.ly shorn sheep foJ.lol.ued.

those of unskrorn streep in aJ-J. experim.ents.

Tl.e mea¡r carotid blood temperature before perineal

heat treatrnent in r;nshorn sheep rvas 38.51oC (tigr-rre j).

Fo11oi,¡j-n¡3 períneal- leeating', there rvas a grad.ual d.ecJ.ine

ín carotid bl-ood. ten:¡rerature to a mj-nimrrm of JB. 15oC . Tl.e

decline r^ras more pronottnced during the inj-tial. stages of

perineal- heatíng:, when thr.e perineal skin temperature vJas

rising from 32oC to 39oC. i¡rom then onruard.s there lùere

slight waríations duríng' the ren:ainder of the ex¡rerimental
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period. Tire marked fa1J- in carotid ternperatr-rre during
j-nitial. stages of perineal Treating was associated with

a rapid rise j-n respiratory rates during t}.e same period.

Partíal.J-y s}.orn sheep a1 so skrorued a decJ.ine in carotid

bJ-ood ten:peratLrí'e. 'Iire decJ-ine r.¡as of lesser magnitude

than that of unstrorn sheep and extended over a J-onger

períod of t j-me.

Jugrrlar b1ood, ternperature (figr.rt* 6) shoruecl a

st.arp d.ecline of O.3OoC after perinea1 ïreat treatment in

rrnsl.orn sleeep, Ìt'hi-cir is sornerufra'b similar to the faJ-1 of'

carotid bl-ood temperatttr.êo Partial-l-y shorn skreep a1 so

shov¡ed a declíne foJ-J.orr'ing perinea1 ireat treatlrrent b¡ut

the decJ.ine r{as inore gradual- and extended over tire

entire experimental period.

'Ihe ].urnbar skin temperature of both unshorn and

parti-alJ-y s}-orn sheep slaowed. a grad.ual- clecJ-j-ne (figure 6).

'I}.e meam decline in unskrorn and partialJ-y shorn sheep

being 1oC amd ZoC, respectiveJ.y.

Responses at 1 5?C/554

t'kre resi¡iratory rates increased at ambient

temperature cf 150C foJ-J-or,¡ing perinea1 ireatirrg- of unsÏrorn

shee¡: (figure 7) but the responses differed fror¡ those

in sleeep exposed to zOoC ambient temperature in that

there rvas a delay of 1J minutes before tTre onset of

panti.ng. '1ì1:.e respir:atory rates increased rapidly after

this delay and reactrecl. a maxj-nlu¡r. of '/6/mì.nute. In partia1J-y

slrorn skreep, t?rere ruas a, smal-J- ri-se in respirat,otT, rates
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fol]-olr¡ing perineal heating but this did. not exceed. t]r.'at

of tlnshorn sb.eep before perineal heat treatr:ent. .rhe

Ïreart rates of nlsliorn sheep rose from a pretreat¡r¿ent

1eve1 of J2 øeats/mínute to BJ Ìeeats/minute follorving
perín-eal lieat treaturent. 'Iiris ríse rvas rapicl ancl reachreci

a lewel of 84 beat s/rnínut e elreïl before peri-nea1 skirr
ternperature krad reached 39oc. fn irartially skrorn sheep,

tlle rise in lr.eart rate r.ras gradual. ani.d aÞproxinrated. that
of u¡rshrorn stieep about an irour after peri-nea.l Treating

trad conulrenced.

A decline in carotici blood tem¡lerature, similar
to tnat of t}.e 2OoC ambierrt ternperature exl:erj-ntent,

occurred foll.ov¡íng irerin.eal- Ïreat treatmen.t at 150c, but
the decliile r.iras Ìnore ilronou:1ced. and extended. o\¡er a periocl
of 8o n:im-rtes" rn partiaLLy strorn sheep ihere v¡as a sharp
fal1 in carotict blood ternperature after a 1o ¡ninute clela1,,

and ttre temperature remained fairly steacl¡r rvith only
urinor ff.uctuations.

Jug*lar trlood ternperatures al so d.eclined g-ra-

clual-ly by O.35oC ín both. u¡rshor-n ancl partial.J-y s}:.orn

sheep (ri-gure 8). The decline .^,ras more p'ono*,.ced during
initial sta-ges of perineal Ìreat treatment in unshorn
sheep rvkrereas, in partial.l-y skrorn sheep, tkre decline
occrrrred during later stages.

1'tre h,rrnbar str<ín temperature r.Jas almost the same

before an:,d after perinear h.eating iir unshorn sheep

(figure 8) irut tl.e ea¿r skin temperature rose from lgoc
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before treating to 26oc folIov¿j-rrg heating. T}.e increase

occurred inrärediatell' follor'¡ing perineal treating' and.

extended over a period of 60 minutes. The lumbar skin
temperature declined follolving leeat treatment in partialry

shorn anitr.als but ear skin temperatr-rre increased by Boc.

The ri-se in ear skin temperaturre closely para].leled that
of rrnshorn sheep.

Le-epo.¡qeS .eJ.f q

1l'Ïre respirator.y resporr-se of unsirorn sÌ:.eep before

and after perineal heating is il-lustratecÌ in figure j.

lLre rrrean respiratory rate at looc of unsho:.n sleeep rr¡hicl:

r''âs 2J respitat-jons/nrinrlte l¡efore perineal heat treat¡nenr

increased to 63 respirations/nrinute fo11owíng perineal

heating. Tt.e respj-rator'y resporrses at looc d.iffered- from

those at 150c ambient temperature in the foJ.lort,ing respects:
Àt lOoC ambient tem-perature (.) a sJ-igletly lor,¡er mean rare
r'¡as obserwed before perineal heat treatment, (t ) tire

onset of polypnoea due to perineal heating rvas d.elayed

for a period of Jo rninutes a¡rd (.) ttre respiratory res-
por'r.ses obtained follorr'ing perineal heat treatment lyere

of lesser fila$rlitude. Tn partially shrorn sTreep, ttrere lre::e

rto differences in respiratory freqrrency before and after
perineal kreat treatment. lleart rates, h.o,rt,ever, increased
both in urrshorn and partially skrorn srreep follori'ing
perineal- heat1ng.

There was a progressj-we d.ecline in cerotid. blood
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temperature fo]-lorr¡in.g perineal. ireating of unsl:-orn sheep.

Ttre maxímun: fa11 of O.2OoÇr occurreci immediately fo]-]-oTr¡j-ng

perineal heat treatment. rt is interesting to note that
the carotid blood. temperature declined before the on_ser

of panti'g in u-rrslrorn sheep. ïn partially shorn sheep,

rsl:ich did not srrorr' a''y respiratory respol.Lses, tkre carotid
blood tenrperature al-so declined skrar,oly (O. ZOOC ) .

Jr'gular Ì¡lood ternperature of unslrorn and partially
shorn siree;: (figure 1o) closely parallelecr eackr otir.er
before and after perineal Lreat treatnren.l, 

"

-ê. concise account of the changes ín tl.e ternperature
of the blood and. skin, and, card.io_respirarory respollses
at warious ambient conditions before amd. during perineal
l:eat treatment of u¡rshorn amd partía11y shorn sheep are
given ir¿ tables 4 a:rd- J respectiwely. rn general , perineal
l.eating resrtlted in thre ini-tiation of polypnoea in r-rnsrrorn

shreep, whereas i'partially shorn sheep no sucbr responses
r{ere oJrserved. lrrit}r a d.ecrease in a¡nbient temperature fro¡n
zaoa to looc, unshorn srreep sr¡ol,¡ed a delay in tlre initia-
tion of poJ.yprroea and a decrease in the magnitud.e of
respiratory response, fo1l0wing peri'eal heat treatment.

Perineal heat treatnent resulted in a marrced rise
ir' respíratory frequency, ear skin ter.iperature a:rd heart
beats of unshorn sheep at all ambient ternperatuïes, rrrhereas

ín partially shorn sheep tLre ear str--in temperature amd heart
beats al so increased but luas 'ot accompaïl.ied by a similar
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rise in respi-ratory frequency. 'rhe carotid blood. terirpera-
tures decli'ed bot?r in unsh.or¡r and partiall.y shorn skreep

at all anbie't temperatures but thre raagnitude of decline
rúas greater in uns}.orn sheep than in shorn sheep. rhe
onset of polypnoea in unskrorn sfreep as a result of
perineal Ïreating, in spite of a d.ecline in caroticl blood.

temperatutrer ínclicates tlre presence of thermal receï¡tors
in tkre perineal. region.

EFtrÐC.f O¡- i_IEA'I.Ii,[c .iHÐ ti.L.A.¡]Ii iìi]GIoi{

Ðxperiments 'rt¡ere condrrcted to see u.h.ether flank
leeating, at a' anbient tenperature of 2ooc had any effect
on respiratory patter's and. various ti-ssue ternperatures.

"An area of airo't 9oo "*2 (jo * 3o cm) rìras closely sreorn

and heated to 4ooc. tfre results are presented. in figure 11.
No marked rise in respiratory rate occurred follor,¿ing flank
heating' Pri-or to hreat treatment t}.e respiratory rate ranged.

from 2B-3o respiratíons/rninute a'd reached a maxÍm'n¡ of
only jf /mínute fo11olving hea-b treat¡r¡ent" Trire rise in ear
ski-n temperature of 4oc d.uri-ng flank rreati-ngn indicated.
a condition of wasodilatation. Ttre rise in tkre ear skin
temperatu.re r¡as accompa.nied. by a slight fal1 (o.r5oc) i'
caroti-d blood ternperature.

sliol{.T 1t'Erìi''f itxposu}).it ro Rfsr¡üG AtfiJrrìî..IT ?nlïpÐFu\-tur¿Ð

Eacl':- sh-eep spent ttre first jo mi'utes in ttre
climatic cieanirber preset at zooc ana 55/" relative le'',i-dity"
T}.e cha¡-rber teniperatrrre rn'as then raised. to about 4ooc ancl



ni
+

o"
¡

rt
 É

 Ê
) 

1,
.

O
 B

 B
O

\
o 

Ê
.

g,
 Þ

 P
.-

lo
 

or
F

l 
lo

ot
tr

y
{p

ot
t

o(
0F

t
E

 F
'tJ

 t{
)

sr
 

t¿
o

Þ
lìJ

 T
 o

ã'
ts

P
 

cf
@

O
.+ É
oo

c+
 

uÞ
â

È
f 

F
¡''

4
oo

 
È

'
P

@
lJ

+
op

o 
if+

ct
'

lå
o 

F
.F

.
Þ

 <
Þ

t+
 5

 F
.o

q
O

ct
d 

P
 rt

'c
+

tr
Þ

 o
 F

o 
(n

(D
B

 o
'

@
F

t 
rn

O
H

Þ
tN

p 
p

}.
 

ry
Þ

Þ
ro

 ã
'

P
X

o
h'

rJ
 h

'o
o 

t-
¡.

h'
þ'

rl 
þ 

P
.

(D
F

¡.
 

Þ
pã

p
rF

O
 Þ

 O
Þ

 È
F

b
(+

É
+

'J
C

IO
É

o 
pã

pO
F

JU
)

(+
Þ

 o
 ts

5 
t+

O
oo

ts
.B

H
Â

T
A

H
Ê

 
¡-

e 
|4

Ë
r+

O ts
du

¡
€ 

ts
s

po
oo

co
 þ

fo
 o

A
H

É
v

P
F

\J
 

c+
Ë

ïJ
 c

T
 O

\J
F

.F
5 

O
F

. 
(Þ

 li
J 

Þ
oo

o
P

"t
lJ

 þJ

.G
ß

)

I

F
]-

an
k 

sk
in

te
m

pe
ra

tu
re

 (
oc

 )
G

¡Þ oo oo ffi
*T o o o o o o

C
ar

ot
id

 b
l-o

od
te

m
pe

ra
tu

re
 (

oc
 )

ú'
¡ 

o,
 

(d
F

ep
os

to ry
--

:r
o o o 

--
,

o o o
-Þ

8

Þ
à

Þ
r. o âo È
lo

P
.

H

o o o o o o 0 o o o o o o o o o o o

R
es

pl
ra

to
ry

 
ra

te
(b

re
at

hs
 /

m
in

)
ÌJ

(,
è

oo
o

r*
**

lÊ
ffi

ã 
o 

Þ
F

'3
 o

Þ
 q

Ë
 

o 
Þ

cf
åo 3 

o 
Þ

r
Y

oÞ io
 

Þ

fo
Þ

'o
o o o o o o o o o o o o o o o o o

E
ar

 s
ki

n
te

m
pe

ra
tu

re
 (

"C
 )

l\r
l\t

Þ
xt

È
qÌ

9v
c,

oo
o

ìé o

oÞ oÞ oÞ oÞ oÞ oÞ oÞ oÞ oÞ oÞ oÞ oÞ oÞ o oÞ
-o

>
II ræ

1l
-# \C
O

oo

\n o\



57

r,raintained at th.at 1evel for !o minutes. Ttre clra¡¿ber
temperature rose at the rate of o.Joc/minute. Relatiwe

humidity was rrot controlled r'¿iren tlre cl- amber temperature

was rísireg' and varied. between 40 and 5o%. A.fter attaining
4OoC, ttte reJ.ative irunídity of the c}.amber remained

cJ-ose to 521".

}'igure 12 giwes the mearr. ckranges in the respira-

tory rates, treart rates and carotid blood tempe::ature ,of
unskrorn and partially sÏrorn skreep, under tkre above cond.i-

tions. The mean- respíratory rate of unshorn sleeep was

j1/rnínu-te at 2ooc and, progressiwely íncreased reaching

a maximr.rm of 11o/nintzte at 4ooc. rn partially strorn sleeep

the respi-ratory rate r'ras 2'l to zT/rninute at 2oot and con-

tinued to be rrrithín this rarrge for a1¡out 4J r.rínutes, after
th-e ambient temperature begal to rise. i,fter this de1ay,

tlrere rvas a¡" abrupt rise and tkre resi:iratory rate ttren

ap,oroached that ( t i O respirat j-onsr/mínute ) of r-rnstrorn sheep.

T}.e carotid blood temperature of unsleorn sheeT¡

waried betrueen 38.43oc and J8.53oc at zooc ambient temr¡era-

ture and increased o*ly after the onset of polyp'oea.

conversely, the rise in carotid blood temperature in
partj-al-J-y shorn sheep preceded the respiratory rise.

'Îhe skin temperatures (figure 13) at ttre lumbar

region of uns}.orn sheep increased by only ioc during trre

rise in ambient temperature and. l,¡ere zoc lorver t}.an ttre

anrbient temperature during tl.e fina]. stages of tire experj_-
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mental period. 1'tre lumbar skin temperature of partially

sl.orn sheep, Ïrotvever, closely paralleled the rise in

aml¡ient tenperatltre, and in soì1le experimerrts almost equalled

ttre ambient temperature. Polypnoea l{as initiated at lumbar

skin temperatures of 38oC in partially sirorn streepn artd.,

almost at tkre sa-me point of th.e experirirental period, al1

abrupt rise ín carotid blood temperature occurred. l'Ïre eap

skin tem¡rerature of bot}. unshorn and partially strorn sheep

rose markedly along rvithr t}.e rise in aml¡j-ent temperature

from zca'c to 400c 
"

Tllere rsas a slight (O.t5oC) rise in jugr:lar bJ-ood.

temperature of unslrorxr skreep, follor'ling the rise in

amirj-ent tenlperattlre, and it paralleled the rise in carotid

blood ternperatlrre. Ttre rise in jugrrlar blood tein-oerature

of partially skrorn skreep I'¡as tnore prorlourrced and reached

a maximum of 3B.8OoC during the fína1 stages of the

experíment.

Ð¡'!'EC'I OF ÐirCIìltASIì IN +tltll3IlÐid'f TÐ¡iPElì-4.'fU-iìE

In tiris seríes of experiments t}.e controls of the

cJ.imatic chamber were set to 4OoC and. JJfc relatiwe humidity.

After enwj-ronmental equilibrium was established thre shee¡>

I4/as introduced into tle chamber and a 2 hour acclimation

period al-lowed" ,{fter panting rvas fulJ.y estabJ-ished, the

ch.amber temperature r,Jas J.or¡ered to lOoC and r¡aintained at

t}:at lewel for 60 minutes. îhe cl.arnber temperature declined

by 15oC in the first 1O rninutes and.'by arr additional. 15oC
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in t}.e next JO minutes.

t'kre nean changes in ttre cardio-respiratory acti-

vities and varj-ous tissue tem¡leratl¡.res of r:.nshorn a¡rd

partialJ-y sl.orn sheep rvhen the cl.amber temperature rl¡as

lorsered from 4ooo to iooc are shorrrr in figrrre 14. There

Ir'ere J-arge variations in respiratory rate (lOZ-11)/mj.n:ute)

of partj-aLIy sl-orn sh.eep at ambíent temperatures of /tOoC.

l{hen the ambient temperature rrras lor,lered, tTrere was a

fall in t}.e respiratory rate rsithin tkre fírst 1o r¿inures,

rhe respiratory rate contj-nued to declíne until the ambient

temperature Ïrad reaclred 1ooü. Tkrereafter j-'¿ 1evelled off

shorving only slight f1uctuations. rn unshorn sheepn hor,-ever,

there rvas a delay of about 10 minutes before arrv declj-ne

lr'Ias apparent in respiratory rate and t1.e rate of decline
It¡as more gradua]. arrd extended over a longer period of tinre.

ltre declj-ne in respiratory rate continued. even after the

ambient temperature trad. reackrecì. looc and approact.ed. 33-36

respirati-onsr/minute during tl. e final JO mínutes of the

experiment.

The depression in respiratory rate folJ.orr¡ing the

fall in ambient terrperatllre was accompan-ied by a decline

in carotid blood temperature of both r-lns}-orn and partiaLLy

sïrorn sheep. l{or'r'ewerr t}re decline in carotid b1ood. teinpera-

ture r1¡as more pronounced in partially skrorn slreep (figure 14)

1l'he J-umT-¡ar skin temperature (figrre 15) of par-

tially shrorn sLreep at an ambien-b te¡nperature of 4ooc r+as
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1oC higleer tham that of tlre urrshorn sileep. As the a¡tbient

temperat.ure declined., the lrrmbar skin 'Lemperature of par-

tially shorn sireep declíned sirarply allcl this rt'as accompa-

nied.byasimilardropinrespiratoryfreqrrency..I-he

decline in lunl:ar skin tenrperature and respiratory rate

rfas almost complete at an atnbient temperature of i()oC.

ÈIor.¡ever, u¡.,shorï1 s6eep s]:.or,;ed onLy a 1oC decline ín lurnbar

skin tenperature.

Tkre jugu1ar blood teinperatrrre of partially shorn

sireep r",,as at a" slightly Ìrígher level (3g.S3"C ) ttran ttrrat

of tlre '¿lshorn sheep (3A.75"C) .t 4OoC arirbien'b temperature'

1fl¿err. tl:e ambj-ent temperature '{as lorr'ered to 1OoC, the

jugrrlar: blood tempe::atll:res of bothr unshorrt and partially

sirorn streep declined markedlY.

EF¡.OC1'S OF LOCj\LIZ¡1I) CCOLIi\IG OF 'rliÐ î]ìLTII( .tltrGION

shror.t term exposlrres to varyj-ng ambient tetnpera-

tures indicated that a fall in ambient ternperatllre u¡as

accompafried by a simultaneous fall in respiratory fre-

quellcy and. lrÏnbar skin ternperature of partially shorn

slreep bu-b a clelayed respiratory depression and absence

of arry cirange in tire lurnbar skin tenrperature of l¡.nshorn

streep. iV-}ren ttre ambient temperatllre l'¡as raised. from zOoC

to 4OoO, polypnoea r4ras ind.uced in 'ns?rorrr 
sheep even in

the absence of any changes in t'he carotid blood terrpera-

ture. In partially sirorrr sheepn polypnoea was preceded by

a slight rise in caroticl blood tetnperature ancl a rnarked
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inc::ease in lulnbar skín temperature. Since it was not

clear rr¡Ïretkrer tl.e orrset of polyprroea in partíaLLy shrorn

sheep ruas due to a slight rise in carotid blood. ternpera-

ture or to a rise in lumbar skin temperatrlre, an area of

appro;i1mat,eLy 9OO cmz (:O;ç 30 crn) on ttre trunj< region
lras coo'! ed to about looc, after ther¡nal polypnoea had.

been establish,ed, to see if any changes occur in the

respiratory rates and carotj-d blood. ternperature. Ttre

pattern of mearr respiratory rates anrd carotid blood

temperature are ilJ.ustrated in figure 16. Upon cooJ-ing

t}.e lumbar region, there rvas an iiruledíate drop in the

resiriratory frequency frorn 1oB -11J/tni-n.r:-te to Vo-45/minute.

The declj-:ne rr¡as complete at a lumbar skin ternperature

of 1OoC, fluctuated sligletly for about JO minutes, ancl

again approached a 1ewe1 oî 9a/mtnute even though. the

Lrlnbar skirr temperatu.re r,ras maintained at 1ooc. rt ryas

interesting to note that these ckranges ín respiratory

rates, brorrgh.t al¡out by lumbar coolingn were not accom-

panied by any marked changes in the carotid blood te¡:rpera-

ture throughout ttre experimental- period.

INDÐr="ÐiTIDD}IT Ì{ASO BUCC:I.L ,T.I]:I. CITIOULA'TIoI{ j,.XPEÌTI}{]I}T.]]S

trffect._of L?ising nego-buccal 4.i_r t_en¡perature

Ðx'periments rvere condrrcted in whri-ckr tl.e air in the

face mask rvas raised. to 4ooc but the a:nbient temperature

in tlre cl.amber was naintained. at 2ooc ana 55f. relative
humidity. 'r?re typica]. ci.anges in respiration and heart
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6Z

r.a-tes and carotid blood temperatures in ulsh.orn and par-
iia11¡r shorn sheep are ilresentecl in figrrre 17. Follort,ing
ttre increase in the ternperature of tire naso-buccal aír,
in unshorn sheep, the respiration rates increased. al,nost

imrnediately fron a pretreatrnent range of 30-3z/mínttte
to a maxim'¡n of Bo/minute at ttre end- o î 60-65 minutes

and leve1led off t]-ereafter. Fartially skrorn slreep

sleorued only sma11 respiratorlr suslfonses, tkre maxirnum rise
beíng 34/mj'nute. The o*set of polypnoea in unshorn srreep

rvas accompanied by a slight decline (o,t50c) in carotid.
blood ternperature rvlrereas Ín partialry slrorn sheep the
decJ-ine was irrore pronounced (o.z5oc)"

I{híle trrere was a decline i_n carotid blood terrrpera-

tu.re, the temperat're of tt.e jugular blood (fig._rre 1g)

increased slightly (o.t5oc) ln botir unshorn and partiat]-y
shorrr sheep. TLre ear skin temperature íncreased. stead.ilv
from a mearr of 24.5oc to a o'eal-r of 2)"ooc in unsl-¡.orn

slreep. A símilar increase occurred. in partiaLLy shorn

sheep but rras of a 1-esser magnj-tude.

It was not clear fro¡n índ.epend.ent naso-buccal.

circul,atíon studies r'¡krether tLre ínitiation of polyprloea

ï^¿as due to tlr.ermal stimulation of trre naso-buccar region
or tire anteríor trackreal region. rn order to localize
t'Le tkrermorecepto:: site, experíments rrere conducted. on

unsl:-orn and partially shorn skreep, where only the naso-

buccal region rvas treated to about 4ooc wtrile tÌre ckranber
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7o

temperatilre remaíned at zOoC' Tkre cirarrges in respiratory

rate aï1d car.otid 'lrloocL temperature foll-or.'¡ing infra-red

heating of the naso-brrccal region are presented in figrrre

19. lLre ¡iruzzle temperature varied- frorn 32.OoC to 34.5"C

prior to inf::a-red heating and lfTlen this area rsas hreated

to 4OoC, r*irich. rvas accornplished tn 5 minutes, tktere r'.'as

a gradual rise ín respíratory r^ates r"¡hicir reached a

maximrrm of 6O/minute in r¡¡s} orn sheep. Partially strorn

sheep gave only s¡nal1 respiratoT"lz ¡ssponses rvh.ícþ t¡ere

of no physiological signi_fican:.ce. In both unslrorn amd

partia1llr shorn sheep, there rtas a moderate rise in

heart rates. The caroti<i blood. temperature of unshorn

and partially s}.orn sh.ee¡: remaineci almost steady througle-

out the experiraental 1reriod.

Effect of lorveri¡ráljhe ]raso-iirrccal ai-r temperature

'lhe naso-brrccal air temperature rùas lor'¡ered to

about iOoC after thermal po]-yonoea Lrad. been establisired

at an ambient tern,oeratu::e of 4OoC and lJfo relative htuni-

d.ity. lire a¡nbient temperature 1{as maintained a-t 4OoC

,dr-Lrin6 the naso-brrccal cooling. At arnbíent temperatures

of /tOoC, the resl:irator-v rates vaníed. betlveen 1Oj and 111 /

i:rinr:.te in botir rrnshorn an-C, partially shorn sheep (tigure 20).

I¡o1lot¡ing rlaso-blt-ccal coo]-ing, there rt'as a tnoderate

decline of 30-4O resirirations,/ninute. 'lhe c'epressed res-

i:iratorl' rates ryere naintaínecl for a period of óO-7O mínutes

and sleorred a sJ.ight rise during the later stages of tTre
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experiment in botkr unshorn and partially shorn sheepr ever.l

thoug-l:. the mask temperature was maintained at l OoC . TTre

Ïreart rat-es of unshorrr sheep l{ere in tkre rarrge of 98-1Oi

oeats/mínute before lorvering tkre naso-bì¡ccal air tempera-

ture and decreased. to 84 beats/minute following naso-brrccal

cooJ.ing. Tkre decline continued for about 35-40 minutes

after rvtrich it remained fairly steady at 8J beats /minute.

lkre heart rates of partially slaorn sheep also declined

follorving naso-buccal cooling 'but the decline rrras complete

within 15-2O minutes after cooling.

lùhile tire cardio-respiratory actj-vitíes res,oonded

to changes in naso-buccal- air ternperattrrer tire carotid

blood temperature showed no marhed changes througlrout the

experirnent ín both r:nst.orn and pantial-ly shorn sheep. Tkre

jugrrlar irl-ood temperature (figtrre 21) on tlre other hand,

shor,,¡ed a ¡narkecl decline in unshorn and partíaIly shorrz

skreep follov¡ing naso-buccal cooling. The decline in jur¿ular

blood temperatir.re tras expected, beeause tb.e jugular vein

drains tire naso-buccal and tractreal regions, tu}.ose tempera-

trrres rìIere markedJ-y lowered by naso-buccal coolíng. Th-e

teinperature of, tl.e skin on tl.e lu:rbar regi-on did not show

any marked cleanges follor¡ing rraso-brrccal cooJ.i.ng in botkl

unstrorn and partíaLLy shorn sleeep.
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DISCUSSIOilt

Tt was observed trrat remowal of am adequate area
of fleece (3ooo 

"*2 or more) ¡v crose sfrearing o' the
thoraco-lumbar region resulted in a d.epression of respira-
tor.y rates. 1'he respi-ratory responses to this shearing
are in general agreement r^rith tkrose reported. by Klemm

(t962), Þyal (tgeS) .rrd Bliskr (tgASa). B:.ish (tgeSa)
ol:served th.at ttre trunlc skin temperatures of a closelv
sirorn sheep l{ere about B-1ooc lorver th.an that of unsilorn
sireep at an arnbient tempera.ture of 2ooc and this red.uctior-l

in trunk skin tenperature rr¡as not acconrpanried by an5,

change in tire tenrperature of the blood supplyíng tkre brain.
!'urth.er, the respíratory rate rewerted to that of unslrorn

sheep r'¿h.en the skrorn area rsas covered rvitlr an i-nsr¡lating
coat. ijle ttrerefore suggested that flre respiratory depre-
ssion rtras brought about lcy stinrulation of cutaneous cold
receptors in the trunk regiorr wkrich rr/ere stimulated. when

tkre skin temperature rras lov¡ered. fn t}.e present stud.y,

the lumbar skin temperature d.ropped frorn 37oC to 31oC

w-hen ;lrL area. of abo*t zooo cm2 oïr tire thoraco-l'rrmbar region
'was closely slrorn brrt this r,ras 'rot accomparríed. by respira_
tory depression. 'l'Ïre depression occurred. only l,/hen arr area
of JOOO crnz or more .hras c]-ose]-y shorn, at
ture of 2OoC. Hor.,rever, ru6en a shrorn a1. ea

on tkre thoraco-].umbar srrrface was cooled

an

of

to

ambient tempera-

onJ.y )OO cmz

al:out l OoC in
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a polypnoeic arrimal , a depression in respiratory response

occurred- Thus thre respi-ratory depression appea-'s to
depend on tr*'o factors: (u) trre extent of area sleeared.,

and (¡) the intensity of cold receptor stimulation. rt
is quite possible, trreref,ore, ttrat altkrough cold. recep-
tors are stirnulated rt'hen a'area of 2ooo 

"rnz is closelv
sltorn, additional coId, recel:tor recruitment is necessa-'y
for the cold receptor driwe to be effecti-ve in ind.ucing
respiratory depression. lrrris additional cold receptor
recruitment is achiewed. only rr¡lten an ad.ditional iooo cm2

is closeJ.y s}.orn.

RIISPON'SES TO LOC/LLTZED i.Ii,Yt.ITNG

Heating th,e períneal region caused. a rapid increase
in respiratory frequency of 

'nsrr.or¡r skreep, and this rise
triras accompanied, by a O.3OoC fa1l in carotid blood tempera-
ture. I{aites (1952) observed. a si¡niIar rapid rise in res-
piratory frequency rvkren tire scrota]- slcin of rams l*as heated
to over 36oc despite a zoc fal1 in deep body temperature.
Li-nzeLL and Bligh. (lgel) also o'r¡tained a rise in respira_
tory frequency r,.'iren hot air (h5"c) was passed. over trre
Tnamma'y 61ands of goats, trut this rise i-n respiratory
frequency r.ras a-cco'npanied by a rise in deep body ternpera-

ture. subjectinã flank skin to similar treatment d.id not
result in the initiatio'' of polypnoea. é.s regards the
ini-tiation of polyonoea, ttrese results are in agreement

witlr trrose of 1vaj-tes (l9oz) .trd Linzelt a¡d i3ligh (196t)
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suggesti11g that the inguinal skirr Lrarbors l{arm receptors

and tLtat the stir¡-rulation of these receptors induces refle>;

po]-ypno ea.

i\io r,rarked rj-se in respiratory rate occurred ín

partially sTrorn sþeep, fol]-or,ring perineal þeatilg, blft

t}.e fal1 in tTre carotid blood temperature ldas rrot as pro-

nouncecl as in r:.nsllorn sheep. The greater decline in tÏre caro-

tici blood temperature of unshorn sheep is due to a contbi-

nation of respir:atory e\raporative coolin6' and perípkreral

vasociilatation, I,.'ktereas in partiaLLy shorn sl.eep the declj-ne

is of lesser magnitucle since it is due to periphreral vaso-

cLil^atation al-one" -A.pparently t} e onl¡r d.ifference in resportses,

i:etrseen urlshorn arrd partial-ly shorrr sh.eep follorving peri-

neal kreating, rl,ras t1.e abserrce of respiratory rj-se in tlre

latter. .Îhe inability of a partially shori-I sneep to pant

follorvj-ng perineal heating could be dtre to a persistent

colct receptor stimulation origínating from tl:e skreared area-

on the back region. Fusco et a]" (1961) macle continuor-rs

measurements of kreat production in the dog after localízed

Treating of ttre krypothal-ar'rus at enwíron¡lentaf tenperatures

of l4oC, Z6oC arra 29oC. Lt all e11vironmeretal temperatures

krypotllatamlc kreating caused 1.OoC to 1'3oC fal.1- in deep

bod.y temperatLtlle. lleat bala:rce dr-rrin,g hypothalaniic leea-

ting r+as achieved th.roughr vigorous panting at 29oC and

by a 35lo re1,uction in Treat prod-uction at 14oC. Benzinger

g-!. gt. (lgøS) described experirrtents in whiclr lorvering of
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th"e skin teinperature of krumans, from zzoc to 1goc, resulted.
in an immediate increase in oxygen co¡rsllrllption inclicating
increased äletabolic activity. rt may be presumed from tkre

present study of partially strorn skreep, that wherr the cold
receptors of tkre lumbar sk-in region ï/ere stimulated ttre

animals i-ncreased their l.eat prod.uction in an atten:pt to
achiewe ttrermal- bala¡rce. l*his vi-ew is substantiated bl. tl.e
observation that partially shorn animals exposed to 1 5oc

and- i ooc ambient temperature shiwered markedly, but when

the perineal skin rsas }.eated tkre sÏ:.iwering ceased., resul-
ting in decreased heat prod.uction. The d.ecreased ireat p--o-

duction coupled r'¡ithr íncreased perip].eral vasodila.tation
resulted in a fa].]. of carotid. blood. temperature.

1-kre results a1 so d.emonstrate that ttre chareges

in t}.e pattern of respi-ration of unsl.orn streep, after
perineal h.eating, a1 so depend on tl.e ambient temperature

to whríckr they are subjected. For instance, vrhen the ambient

terrrperatu.re r{as lort'ered. from zooc to 1ooc, the pattern of
respiratory freqllency strorvs trEo d.istinct features: (r ) a-

depression irr respiratory freque'rcy before perineal Ïreat
treatment a'd (z) a d.e1ay in t}.e onset of polypnoea follorving
perj"neal heat treatment.

rngram a'd r,ihittow (1962) rrave shorrrrr that the
nitude of respiratory respo''se, w}- en the trypotLralamus

heated, depended on both ttre temperature to whi-c}. the

mag-

I,rraS

hrypothalamus was kreated and the environmental tenlperarure
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to rvtriclr tfre anirnal rvas subjected. In ttreir experirnents,

smal.l respiratory resporrses rr¡ere observed untiJ- t}.e Ïrypo-

tlralamic temperature reacled. 41 .50C at art. environnrental

temperatrrre of OoC. Ä greater respiratory resporrse occurred

at a Ïrypothal-a¡rÍc temperature .of 4O.5oC and environmental-

temperature of l5oC. I{owewer, at an envj.ronmental- tempera-

ture of JOoC, tkre response rvas naxímal- al thoug'h the hypo-

tlralamus lvas heated to only 39.5oC. T}.e perJ-neal skin, in

the present stud.y, r,ras heated to 4OoC at, alJ. ambient

teml:eratures (eOoC, 15oC amd. iOoC) *rA invariaLrJ.y in al1

experiments there rvas a progressive decJ-ine in the carotici

bJ-ood tenperature.

J3tr-igh (lge,Z) observed ttrat cold saline Ínfusion

into tTre thoracic or abdominal vena cava caused a subs-

tantial depression of respiratory rates and tre suggested

tlre possibJ-e existence of coJ-d sensitiwe receptors betr,ueen

the point of infusion in ttre vena cava arrd tÏre J.eft side

of the treart. T}.e respiratory depression in the present

investigatj.on r.¡as not due to stímulation of ttrese receptors,

since jugu.l.ar blood temperature before i¡erineal heat

treatment trr,as about O.1oC Ïligkrer at am a¡nl¡ient temperature

of lOoC tl.an at an ambient temperature of 2OoC.

Bl-axter et a]-" (lgSg) found the crj-tical tempera-

ture of sheep rt'j-thr 12 c¡n f1 eece to be O.3oC. Tkre unsl.orn

sheep in ttre present experiments trad a fJ- eece of 1O cm

1ong and tl-us the critica1. temperature of these shteep
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1./ou1d. be expected to be in the vicinit)'of OoC. ft:rt}.er,

ttre fJ.eeced sheep did not striver r{fien exposed to i5oC and

l OoC ambient ternperature. f t is urrl j-lcely, tkrerefore, ttrat

the respiratory depressiorl t{as due to a ctrang.e in the

critical temperature of tl.e anima1, since the fJ-eece

length at ambient temperatures of 2OoC an.d lOoC remained

wirtual.J-y the same.

'f}. e d.ecrease in ttre magnitude of respiratory

frequency of uns}.orn sheep at lor'¡er ambient ternperatures

before and after perineal- Treating was not dependent upon

tl:.e temperature cjf the blood supply to tkre brain. It is

suggested, ttrerefore, t}:at ttre respiratory depression

coulcl be drre to stimulation of cold receptors ire tlee na.so-

brrccal or anterior tracheal region. I-Iensel ancl zotterman

(1951'o) studied. the frequerecy of electrical disch.arges from

ísoJ"ated tk:.ermoreceptive fibres in t}-e tong'ue of the cat,

in response to cold stimulai;ion. rn tbrej-r experiments the

receptor tenperature was lowered in J slrccessiwe steps of

zo) eackr. ¿.t each step ttre frequency of elec.brical dis-

ckrarges responded with. a transitory rise and then settled.

at a ners elevated 1ewe1. rt is quite possible that, in the

present study, ttrere r,,ras a ríse in the frequency of elec-

trical disctrarges fron: tkre naso-buccal cold receptors

lvlren the ambient tenpez'atu-re r,,ras lorsered. from zooc to 1ooc,

th.us resultíng in depressed respiratory frequency.

ff tire r¡,'arm receptors in the perinea1 region are
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sti¡nulated. r+lei1e tl.e colcl receptor drive is persisting, a

situation may be attained lvtrerein tlre thermoregrrlatory

centres maJr receiwe conflicting messages from both co].d

and. Lùarm receptors. An interference of this nature could

cause a delay in the onset of polypnoea at lotr'er ambient

temperatllres.

À progressíwe increase ín tl.e skin teraperatrrre

of tlre ear after perineal Treating must }'ave been can-lsed

by 1oca1 periodic increase in blood flow because similar

increases lùere 11ot observed in lumbar skin temperature

of bot}- strorn arrd unslrorn sfieep. The reflex j"ncrease ín.

blood florv to the ea.T is acconlpanied by a similar increase

in Ìreart rate. T}.ese circulatory adjustments follolving

perineal- þeating lv-ere obserwed botir. in unshorn and par-

tia11y srrorn sþ.eep at environmental temperatures .of i 5oC

a:ed iOoC. The rise in ear skin temperature a¡rd treart rates

1trêr€ al so obserwed rvhen f]-ank skin r'vas l.eated but this

r,ras of a lesser magnitude. Ilerslake and. Cooper (ig¡O)

observed reflex vasodilatation in tire fingers of tire frand

in resporrse to heating skín areas remote from tLre ha¡rd

itse1f. .Ihe same arrtlrors (Cooper and Herslake, 1955) for-rnd-

tlnat the reflex increase in blood flolv is preceded by a

refJ.ex increase in heart rate. i'hey corrcluded tJaat tiris

reflex vasodílatation resulting frotn indirect kreating rvas

due to the excítation of cutameous tkrerrnal receptors. 'Ilrus

tire rise in tkre ea'r skin teinperatrrre of both unsirorn arrd
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partiallysirornsheepintlrepresentstrrdycouldbedtre

to stimulation of tire cutaneolts Iíarru receptors.

IlESpot{SlìS To tì.F\PfD Cl.i¿\i{G.,ÐS Ii{ A¡ÍBI0NT TÐ}fPÐiìATUt{.E

'ILre rapid rise in tire respíratory frequency of

unshorn sireep ruhickr occurred in respolr.se to a rise irr

ambient tenperatllre' r{as rrot related to ciranges in the

tempe::ature of ttre blood. ín tlae carotid artery. But often

the tenlreraturre of the blood. in the carotid arterry and

jugrrlar vein irrcreased after polypnoea Ìrad. been inítiated.

1'h.e present observations confirrn the sìl8gestiorr of 131igh

(lgSZ.) and "tlaites (lgíz) and Findlav and' Ingratn (19øt)

that tite sti¡nu1us for the initiatiorr of po11'pnoea co'uld

be entj-rely of peripireral orj-gin'

1'Lre respiratolly Lespollses of partiaLLy shorn skreep

to risj-:ng ainbíent temperatrrre are in general agreeaerrt

r,¡j-th those reported by BJ-i¿;h (lgeSU) ' 'À persistent del-ay

of 2O-3O minutes in t}:e onset of pol-ypnoea, foll.oruing a

rise in ambient temperature from zOoC to {OoC, occurred.

in all partially shorn sheep. 'Il- e reslriratory rates the11

rose rapíd1y after th.e lurabar skin teinperatrrre trad attailled

39oC and approactred that of unshorn slreep' Bligh (geSa)

obsenred that the respiratory depression in shorn sheep

at ZOoC a¡nlcient teinperature rùas due to the eJ(posi-tre of

col-d receptors oïl- tlre skreared surface. Besides causing

respiratory depression, the cold. receptor stimrrlus at the

sa¡ne time causes a temporary build up of tblockíng factorr
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in or betrseen ti:e thermoregrrlatory and respir:atory Cefltres.

?kre tbl0ckíng factorr prevents ttre lsar¡n receptor drive

frorn acting upon the respiratory centre amcl camses a

temporary d.elay in the onset of pol-yp11oea. This seems to

have been tÏre case in the present strrd.y. since the skin

ternperatrlre of partíaLLy shorn skleep closely paral-J.eled

the rise ín room temperature rtttriC?r coun'teraCts or CauSeS

the withdrawal of cold receptor d.river â0 immediate cessa-

tion of shiveringn a¡-cl an abrupt rise in r:espíratory

frequency results"

It has alread_y l¡een demonstrated that polyprroea

car¡ occur without a¡y ehange in hypotlala¡iric teml:erature

(fiinAfay and Ing'ram, 1961) amd tkre temperature of the

blood supply to tkre brain (stité-l'r-, 1957c)' !'indlay and

Irrgram (gel ) also observed that if tlre body temperature

trfas raised to abowe lOoC by infra-red. irradiation, the

kriglrer respiratorlr rates lvere maintained everr after

irradiation l.ad ceased. In the present experimerrts tkrere

ï/as a O"!oC rise in carotíd. blood tetnper:ature during

terminal stages of tLre exl:erirnent in all sheep. ft would

thus appear that or.rce tl.e colc1 receptor driwe is r,¡ith-

d"ra.run or overcollle, th.e higl".er respiratory frequency is

¡naintaíned by tire trypothala¡ric t?rermoregrrlatory certtres'

,|}rerapídfallinrespiratoryratesofpartially

s}-orn sheep, when t]rle antbient tempei'ature is lo'tr'ered

from 4OoC to 1OoC, is attributed to a similar fa1l in
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the lumbar slsin ternperature. Thís in turrr is probably

transmitted to the blood. 1tr.e delayed respiratory decJ.ine

ín rrnshorn streep cou].d be due to a slorver decline i.n th.e

ter"rperature of the blood supply to the brain. llre present

study al.so indj-cates that continuorrs stimuJ-ation of the

coJ.d receptors in a polypnoeic sheep did not result in

continuous depressj.on of respiratory freqrrency. Tiris

phenornenon may be due to tlr.e fact t-tvat the temperature

of the 'olood supply to the brain remained comparatiwely

at a leigkrer leve1 , at llOoC a:nbient temperatu.re' a:rd clid.

not slror,¡ marked changes foJ-J-owing col.d receptor sti¡mrJ.a-

tion. It ís, t}-erefore, suggested tirat 'Ehe rise in

respi-ratory frequency in response to a rise in aml5ient

temperature leas tv¡o componerrts, nameJ-y, peripheral and

central . The períp}.eral- control depends on the stj-inula-

tion of peripÏreral ri/arm receptors rvirich serves as an

inrnedi-ate defensive meckranisn rr¡Ïrereas hypothalamic col't-

trol ta-lces over at a later stage rstren the env1ronmental

conditions continue to be adwerse.

THÐ.Iì¡IAL SENSI'II'\rTTY O1,''t'i-IE UPIrllR RitSpIllÀTOilY'IP.ACT

.J}he respj-ratory behaviour of r¡.nshorn sireep r,¡lren

tkre naso-'l¡uccal air was heated sirggests tiee existence of

rrarrn reeeptors in this region. Siirler ( t SSO) cond.ucted

experiments to study the role of respiratory passages in

the initiation of pantj-ng in dogs. l{e found that -Drea-

thing r,.rarm amd moist aír did not result in panting.
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Beak1ey amd. Find.lay (lgSS) suggested. ttrat, in bovines,

tirere may be therrnal receptors in the respiratorry tract.

Nisbet (lgyS) coafírmed this wierv by demo'stratíng thre

existence of many serrsory nerve endings in tkre bovine

m:¿zzAe. Bl-ígh (lgfg) obserwed that heating t}.e naso-

buccal. passage of tTre bovine on11r provides a feebJ-e

stimulus to parrting. In tlre present e:rperiments, heatitrg

the naso-buccal region results in an increase of respira-

tory rateso but the magnitucle of response is about 25/"

less ttran lr'herr t?re naso-buccal air is heated" Threse results

support tÏ:e vierr¡ of Richet (1898) tfrat initiation of polyp-

noea results fro¡:r stimulatj-on of cutaneous nerve endinS's

of th.e naso-buccaJ- regiorr.

'f}.e irumidity of tkre inspired air duz'ing inde.cen-

dent fraso-brrccal air circulation studies corrld not be

controlled a-"rd re¡nained higle during these experinents.

Conseqrrently, tkre rise in respiratory freqrrency x{as

markedJ.y greater. These obserwations confir¡n BJ-igtrrs

("tg63a) finaJ-ngs tnat- the respiratory resporrse of skreep

to a híg1. ambierrt temperature is greater rvhen ttre hrrmidj-ty

J.s hj-gh" ft is qui-te lj-kel-y that there is eitl.er an

enh.ancement of thre impr-rlse freqrrency of tiee rvarm recep-

tors rvlr.en the hurnídity of the inspired air is raised, or

a modifj-cation in the response of pressure or touckr

receptors in the mucous memìlraile of tire 11aso-bgccal and

trac}-eal region rshen the wapour pressure of the inspíred
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ain ís a1 tered. It is reasonable to asstJme tlr.at' altirorlgh

some degree of receptor specifícity existsr ti e possibi-

J-ity cannot be ignored tlnat some fiþres transmit J.rrfor-

mation relating to more ttran one type of crrtaneou.S sertsa-

tion. i-iunt a-nd Mclntyre (196O) observed. tlnat tLre responses

of touch units to mechanical sti¡nulus carr be influenced

by adequate heating of the str<in.

In tlle present experiments' tkre temperature of the

blood. supply to tkre brain declined in :respollse to naso-

buccal leeating and tire charrges in ear and sl<in temperature

r.¡ere similar to those of perineal heating. !-urtitermoret

partially s}-orn sleeep showed no marl--ed respiratory res-

porrses and yet threir caro'bid l¡1ood and ear slcin tempera-

tures declined. just as j-n u¡rsleorn siaeep. It is, thereforet

suggested that initiation of polypnoea is of reflex nature

ancl is due to thre stimulation of warm receptors located

in ttre naso-bgccal region. Tl. e specific nature of tlrese

receptors remains r:nknoltrr. i-Ioruever, judging from their

abiJ-ity to J-ncrease respiratory rate, }.eart rate, and tÏre

vasomotor reflexes elicj-ted in the ear' it is presurned

tTrat they are simiJ.ar to tTrose located in thre perineal

regiore. Tire specifj-city of clttaneous sensory meckranis¡ns

llas been a probleìn of great colltroversy. Hensel et aI"

(lg6O) can:tioned, tkrat t?re concept of, I specific t serrsorJr

fibres or: receptors leas trvo qr:ite different aspects'

name'ly, the specific sensation obtained by stimuJ-ati-on
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of the receptor and t}- e response of a receptor to a specific

stimulus. Since certain cutal.reous and other receptors

respond. to thermal as 1t'ê11 as ottrer stimuli (Herrsel a¡rd

Zotterman, 1)J1ai Lele and 1,Jedde1l, 1959 ) tne classifica-

tion of seïtsory nerve endirrgs as thermoreceptors seems to

be arbj.trary.

Naso-buccal cooling, in ttre present study, resulted

in a marked depressiorl of respiratory frequency and the

depressiort l1¡as transient even thougkr the cold stimulus

rîias maintained. 'I}.e transient depression whickr occurred

in all animals srrggests the existence of receptors sen-si-

tive to col-d. in the naso-buccal passage. Tlrese res¿l ts

are ín agreement icith those of Kleiber and lle6an (lySS)

wl- o also observed tirat breating col-d air at a temperature

of /+oc to 15oc at a¡rl¡ient teinperatu.res of jToc to 37oC

caused a marked. decrease in tkre respiratory rate of corvs.

HenseJ. amd. Zotterman (l95la) record.ed- the actj.on

potentials in the lingreal- rterve of cats and dogs during

coolíng of ttre tongrre surface. 'Ikreir experíments suggest

that the frequency of cold. imprrlses remain fairly ulctranged

as long as the temperatr:re of tkre tongrre surface j-s main-

tained at a constant lor'¿er temperatrrre. In the present

inwestigation, the trâshs¿l air temperature remained

fa1rly constant at 19oC. After cooling hrad comrnenced,

the cold recei:tor driwe must irawe persísted. 'Ihe inairility

of tlne coJ.d receptor dríve to main'baín th.e depressed
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respiratory activity, at an ambiellt temperature of 4OoC,

drrring tr.aso-buccal cooling, and' the a'bsense of any decline

in the tenperature of the blood, supply to thre brain, wkrich

r,ras aborrt O"35oC hj-gtrer t1- an at an ambient tempei'ature of

2OoC, suggests that brain temperature assltmes a mrrch greater

sígnificance at hig'Lrer bod.y tem;Oeratures. Holmes, i{ervman

and 1,lolstencroft (lgfi) cle*onsttate6 t'nat, besídes the

kr.ypothalarnus, t- eating of structures in tire hind 'brain

also causes a rise in respiratoty rates' 'Ikrus a rise in

the te¡nperatll.re of t}.e Ì:lood to tire brain co'uld influence

respiration rates bjr i¡= effect olL more t}.an orre centre '
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'Itre present str:d¡r þ¿5 shotrr'n tirat localized

kreating (perineal or rraso-buccal) and. cooJ.ing (tumOar

skin or naso-i:uccal) "f fully fleeced. sheep can ini-tiate

therrnoregr.rlatory responses. T}.e declj-rre in the carotid

blood temperature foJ.lor¿ing perineal and naso-buccal.

kreating, the depression in respiratory tate after polyp-

iloea Lracl been established during th.oraco-lrrmirar and naso-

buccal. cooling, amd the absence of a-r-ry rise in carotid

blood tenrpera'Lure before tÏre onset of po11'pnoea' ro¡hen

the a.,nt¡ient temperature t'üas raised from 2OoC to kOoC,

clearly emphasises tt.e contributíon of peripheral therrnal

dri-ves in maintaíning therr¡lal balance.

lYre respiratory a-t d tissue temperatur-e resi)onses

of unsl.orn and partialJ-y shorrr sheepn ruhen t}.e ambient

temperature ís raísed fron ZOOC to 4ooC, an^e simj-lar to

tlrose reportecl by Blj-gh (lg6}Aj. He expl.ained that tkre

depression of respíratory frequency, in shorn skreep, 4t

2OoC ambient 'Lemperatu.re' r.¡as cl¡le to stirnula'uion of the

colci receptors orì bhe trunk skirr region aird ¿rt the same

time t}.ere could be a l-¡ui..lcl up of rblocliíng factorr in

or between the thermo::e¡¿rrlatory arrd respiratory centres'

?lr.e Iblociring factorl someTrol"' ppeverlbs the rvarr¡ receptor

drj-ve froin actirrg u1Jon 'Ll.re respiratory centre. l}.is results

in a delayeä onset of poJ-;rpn-oea ryhen the a:rrbient tei:rpera-
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tu-re is raised to 4OoC. i{kren tlr.e co]-d receptor clriwe is

rr'ititd.rar{rr by rising annbient temperatures, tiee intensity

of the r-blocicing factorr tends to rj.ecline producing aI1

abrupt opset of poly.onoea. 'Ihe reduction in the j-nten-

sity of t.[is rl¡loc1cing fac tor I is governed by (.) tjre

duration of colcl exposure (¡) tÌre degree of inbensity

abtained by the rblociçing factorr during cold exlfosure

a¡rcl (.) may clepend al so on tÏre j-ntensity of the ln¡arm

receptor stímu16s. 'I''hre intensit)' of ttre r-b-! ocJçing factor I

deternines only the cltrration of the resl:i¡:att:ry delay

ancl not tTre degree of depression. Tirus, \ì7he1a the inten-

sit¡r of the tblocking factor r iras declined to zeTo, t1e

rro=.tnal l.¿arm receptor d,rj-ve reaches the res¡lirator'y ç"tt¡."

carrsing at: abrupt onset of polyprroea.

Basecl on tne responses of peripheral tr'arm and

colcl recepto:: stimulatiol, a ¡nodel similar to tire orae

proposed b1r Bli3i: (19ø3U), r,¡ittr sligl.t rnodifications,

but r^¡hich is consis-bent rsith his interpretation, is

presented in figure 22.

Sti¡i¡ulation of ttre l,¡arm receptors by perineal

or naso-buccal- Ìreating results irr t}.e onset of po11'¡:noea,

increaseci kreart rate: cÊssation of shive::ing and ;oeripheral

vasodilatatír¡n (tt irrdicated by marked ¡ise in ear skin

ternperatu.res at 150t and 1Ooü a¡ni¡ient tem¡.rerat,rre ) . l'Ítren

tlre anbient ternperatu.re lvas lortered frorn 2OoO to 1OoC,

there was a dela1r in the orrset of polypnoea fol-lorving peri-

nea.1 hreating and a decrease in t}.e rnagnitucle of respiratory
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freqrrency during polypnoea. f t is suggested that th.ese

responses at lorver a¡nbierrt teml:eratu.re l{ere brougkrt about

?.ly stilnulatiota of cold receptors in tlre naso-buccal cavit¡r.

1'he d-uration of co1-d exposure before perírreal kreat treatment

and the intensj-ty of lr,artn receptor stj-rnuli.:s \'t'ere identical

at all ambient ternlreratures (zooc, 15oC and loo0) and yet

the delay in the onset of polypnoea increased rvith decrea-

sing a¡rbient temperature. lYrus, orrly thre intensit)' of the

co.1.d recet:tor driwe from tÏ:.e naso-bucca-l region must leawe

treen varieri. 'rhe present obse¡:vations sirorr¡ Lhat tiri's is

actually tire case since there is a pr.ogl'essive depression

in tlee respíratory frecluencl¡ of, r.rrts?rorn sheep, before

perineal- ]reat treatment, at lower a¡nbient ten.treratures.

On the other l-and., close sleearing of JOOO crn2 or

r1lore o1?. the t-frcr¿¡-co-l-ur¡bar region caused a marked de*r.¡ression

of respiratory freq"crency at alJ. anibient tenperattlres.

Sr-rbseqllent r,rarln receptor stimulation díd not sieorv any

marked respiratory responses but resrrlted in increased

lneart rate and pe::ipheral vasodilatation. 'Ikrusr the deJ.ay

in thre onset of pol,yplloea of unshorn sheep and a subse-

qrrent decrease j-n the magrritude of respiratory frequenc¡'

fol]-ol,,'ing perineal heat treatment at lolr'er anni¡ient bempera-

tures (l5oc and lOoC) could be dr:.e to a lcuild up of a

rblocking factorr, similar to the orre described by Bligh

(lçSSt>) " Sj-nce tiie on].y variajf,le riras t1.e intensj-tlr of tl.e

coJ.cl rec elrtor d::ive , tr'ltic,lt appears to increase lr'i tir decrease
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j.n aml¡ient temperatllre, it is sllgsested that the inten-
si-ty of the coJ.d receptor drj-ve determines not onJ-y the

1ewe1 attaíned. by the tbJ-ocking factorr but also its

release upon r{arm receptor stinulation. In ¡rartially

shorn sheep, tleere is a greater recruitment of cold

receptor d.riwe orginating both fronl the t¡:¡ik su.rface

and t}.e naso-buccal region. 1.tlis increases t}- e intensity

of the tblocking factorr and it does not decliner even

after rrlarm receptor sti¡¡rula'tion. The intensity of t}.e

ttrlocking factorr is furtÏrer increased rslren the amÌ¡ient

temperature is lorr'ered to 1OoC. 'fhe decrease in tire respira-

tory rate of partiall-y sÏtorn sleeep with decrease in ar¿bient

tenrperature follorving lüarm receptor stimulation supports

tiri s vi e1,'r .

It is interesti.ng to note tTrat the perineal.

heating of unshorn amd partially shorn sheep results in

reflex vasoctílatation as indicated b:r marked rise in ear

striin temperature an.cl j-ncreased heart rate. It is, thereforet

suggested tirat the bJ-ock j-nterferes only r,yitI. the respira-

tíon centre in partía11-y sl.orn amd rrnshorn sheep. Heat

loss from tiee si<in surface is not interfered rvith"
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1. Four Suffolk erres l{ere used as experj-mental

animal-s to study the distribution of peripkreral tirermal

receptors on tlee skin and in t}.e respiratory IJassages.

2. The effect of close shearing of the fleece

Lrpon the respiratory freqr,reTrcy of er'¡es at alnbient tem-

peratrrre of 2OoC and 55/o reLatiwe Lrumid.ity is described.

3. Re¡noval of an adequate area of fl eece(JOOO cmz

or more) on 'b1re tl:roraco-lumlcar regicn reslrltecl j-n a

cleirression of res¡>iratory resportse. llhe resl:íratory

depression in lrarr!ial-ly shorn sireep ruas attributecl -bo

tire exposrlre of col d ::ecelttors locateC belreath tire ff eece.

4" Iíeasi-r.reineirt.s have been liracLe of tire cardio-

respi::atory actívities, ear ancl lumbar skin tentperatllres'

and teinperatrrre of the blood in tlre carotiri a::telry t:ln

jrr¡3ul ar vein of l:artj-a7-Ly sli.om and unshorn sheep drrring

perineal heating a'b a¡nbierrt Len¡:e::atures o-î 20/15, 15/55

and 1O/55 (¿"y bulb temperatu-re, oC/ rel-ati've humídity, ii)

5. Perineal l.eati-ng resulted j-n a r¿a::lierl ríse j-rr

reslri::atory and heart rates of unsìtorn sheep, wlte:ieasn ire

i:artiaJ.l¡r sirorn s,r,eep, the heart rates increased rqithout

being accorÌ1Þai1íed by a siinilar rise in resi:iratory rates.

6. r,vith decrease in annbient 'bemperatui'e fro¡n 2ûoC

to 1OoC, tlrere lr'as a dec¡:ea.se in reslritatorTr rest:orese of

urrshorrr. sl:ee¡: during perineal treat treatment, suggesting
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tir-at 'bhe rnagni-tucle of respirator)¡ resìloiase during perireea]-

heat treaf,;lent depends irai''tly on, t1e ertvirorrrnenbal tempera-

ture to r'¡h:i.cir tne sheei: is exposed.

7 " The carotj-cL blood" tempe::ature cteclínecl follotvíng

.oerineal heat 'breat¡aent at all- annbient temperati-rres stutlied

botir in urrshorn and partially shorrr shee,o, but 'bire magni-

tude oÍ' d.ecline ri/as greater in r-:lshol'n t-¡an in partíal]y

shoi rr sileep "

8" 'fhe ríse in respirato::y rates follorr'ing peri-

neal heati-ng of urrshorn sheep at al-l- arnl¡ieut tetnperatulles,

inspite of a decline in carotirl blood temperati-rre amC the

absence of sinilar res]?otlses rluring flanlc heating, is

attribu'ler1 to t-he s-b:imrrlation of rt'arn ::ece1:tors in .bire

perineal region.

9. Experiinen'bs involving si o;:t te:'ui exifost-lres

1,o rising anirlo:Lent 'bemlf,eratu.re resi:Lted in arr imrirediate

initiatioït of polypnoea in ullshorl-I sheep. In partially

shorn sheep, ttrere rvas a ZA-JO rnírru'be delal' In tþe onset

of polyprr.oea. The delay in the onset of poJ.yplloea iÏl

parti- aLLy shlorr. sireep du:ring rising ambient temperaturest

the sn-rall resiliratory respo:rses obtained follort'ing ¡reri-

rrea1- teeat treatlnent of partially shorre sleee¡:, and a

variable deirressj-on of respiratory respollses ruherr tjre

lr¡-lirar skin ( gOO 
",n2 ) 

temperatllre \ùas reduced to l OoC

at 4OoC aml¡i ent t enperati-lre , i s at trj-i:ui ed to il:re expo -

sure of cold receptors Cistrii:uted on the s|'.in be11eath
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the fleece.

1o.I)xperimentsl¡itkraface¡rrasllj.n.;r'hictrtlre

tenperatu::e of tire air in the face mask lt¡as raised to

4OoC rvhile the a¡nlrient temperature ín the chamber ¡vas

¡:raintained at 2OoCr Têsulted j-n a marked increase in

resl:iratory frequenc]' and- a s1i6ht d'ec]-ine ín caroiid

lrlood. temperature of ur¡'shorn sheep " Pa]f|laally shorn

sireep sirorr¡ed orrly srnall respiratory resîlorlses'

11 " Localizecl infra-i'ed irra,liatio}l of the naso-

buccal allea of r-rrrsi.rorrr sireep al so ::esulted in air increased

res Ði::atorY rate .

12. it is sllgges'ted tlnat the init j-ation of

poJ-;rpnoea clurin¡; infra-i'eC irradiatior:' of the naso-

buccalregiorranclfoliorvingriseintlretemperatureof

the air in tire face ¡lasll i-s clrre to stiinulatior'¡- of \'Iarln

recepto::s in 'bhe ullper respiratory tract "

13. Cooling tire rlaso-buccal aír in tire face

masj< to lOoC after -t¡erinal po1-1'pnoea irad been estal1líshed

at an arnbient tem,oerature of 4OoC resr¡ltecl in a moderate

decline of JO-4O respirations/minute. '1'1is decline ruas

attributed to tlre stii'qulatj-on of col-ct recep'bors located

in tire uppe-r: TesPiratorY tr:act.
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