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dogs was studied with thmlu or 'lﬂuﬂltnrl (the het jimstions

of thermocouples - manufactured by ELLAB Ltd. Copenhagen). The highest

intra-abdominal temperature was found in the lumen of the duocdenum,
followed in turn by temperatures within the lumen of the ileum, large
intestine and the stomach, as woll as temperatures in the liver, hepatie
and portal veins., With the sxception of the rectus, temperatures within
the gastro intestinal tract, the liver and its associated vessels were
found at least ﬂ.}“l: highsr than that of aartic blood.

The effect of mild haemorrhage and environmental cooling on the

pattorn of distridbution as well as the values of the organ-aorta temp-

erature differentials within the "core area” was studied. This caused

A ripe in the organ-acrte temperature differentials of various reglons
of the g.i.t. with the exneption of the reotum in which it caused a fall
It had no noticeable effect on the values of those of the liver, portal
and hepatio veins.

Environmental cooling caused a rise in the valusas of the organ-
sorta temperature differentiads of all regions of the gastro-intestinal
traot, the liver, portal and hepatic veins.

1ba blockade of adrenergic influences with bretylium tosylate in
{he warm environmment caused noticeable but transient falls in the values

of the organ-aorta tempersture differentials of moat regions of the

gastro intsstinal trect (execept the rectum in which a rise was obtained),
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the liver to envi
togylate,

The effects of the blockads of cholinergic mechanisns with atropine
sulphate and vegotomy were also studied. Atropine sulphate caused a
distinet fall in the temperature differentials betwasn {l@ various

regions of the gastro-intestinal tract and the aorta, It also caused

s fall i{n that of a liver, but no change in thome of the hepatic and

portal veina. These reactions were alsc trunsient. The response of

the stomach to environmental cooling was snhanced while t hose of the
other reglons of the g.i.t, wore reduced by atropine sulphate. The
respaonse of the liver, hepatic and portal veins to environsental cool=-
ing were also reduced.

Cervical vagotomy im the warm environment caused a rise in the

temporature differentials of almost all regiona of the gastro-intestinal

tract, and hepatic vein. It caused no significant alteration in the

temperature differentials of the liver and portal vein, The response

of the stomach and reotum to environmental cooling after abdominal

vagotosy wore enhanced while that of the large intestine was reduced.

The response of the ileum was abolished and that of the duodenum was

reversad.

Simultaneous adainistration of atropine sulphate and bretylium

tosylate in the warm environment caused a fall in the tomperature diff=-

erentials of the upper regions of the gastro intestinal trmot but &
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large intestine and were |

ii4.

rise in that of the of the stomach, ileum and
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ﬁiifﬁt of the duodenum was abolis~
i e
bed by these drugs. The response of the reotum was enhanced.
Gut sterilization with neomycin sulphate did not cause & materdal

alteration in the valuss of the temperature differentisis of the various

regions of the gut, as well as those of the liver and its associated

vessela. The response of the rectum and large intesiins to environmen-

tal cooling after gut sterilization were slightly roduced while those
of the other reglons of the gut as well as those of the liver and its

associated vessels, were either unaltered or enhanced.

The importance of these findings in the maintenance and regulation
of the temperature of the "core srea" is discussed.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



TEMPERATURE DISTRIBUTION WITHIN THE "CORE AREA"
(a) Temperature Distribution Within the Thorar
(b) Temperature Distribution Within the Abdcwen
THE ROLE OF THE VISCERA IN HEAT PRODUCTION

THE RESPONSE OF THE "CORE" TEMPERATURE TO CHANGZS IN

EIVIRONMENTAL TEMPERATURE
ANTRODUCTICN
Introdustion
1« The "Thermometer”
2. The Applicators
Je The Operational Prooedurs
ke The Ambient Temperature

EXPERDGNTAL KESULTS
PART 1

Temperature Distridution in the "Core Area" of Dogs
(1) The Gastro-intestinal Treot

(41) The Portal Vein

(144) The Ldver

(iv) The Hepatio Vein

(1) Gastro-intestinal Trast
(11) Hepatioc Portal Vein
Figures
(441) Liver

(4¥) Hepatio Vein

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

&8 @ o P -

Ered8&

JIRFHF



| —
L —

THE "CORE TEMPERATURE"
TEMPERATURE DISTRIBUTION WITHIN THE "CORE AREA"
(a) Temperature Distribution Within the Thorax
(b) Temperature Distribution Within the Abdcmen
THE ROLE OF THE VISCERA IN HEAT PRODUCTION

THE RESPONSE OF THE "COHE® TEMPERATURE TO CHANGZS IN
ENVIRONMENTAL TEMFERATURE

INTRODUCTION
APPARATUS AND METHOD
Introduotion
1. The "Thermomoter”
2+ The Applicators
3« The Operational Prooedure
Le The Ambient Temperature

BIPERIMENTAL ERESULTS
PART 1
Tesperature Distridution in the "Core Area™ of Dogs
(1) The Castro~intestinal Traot
(14) The Portal Vein
(144) The ldver
(iv) The Hepatio Vein

(1) Gastro-intestinal Tract

(11) Hepatic Portal Vein
Figures

(144) Ildver

(4v) Hepatio Vein

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

PACE

o o F =

19

JIRSSPF



(1) The Castro-intestinal Treot
Tables
(44) Hepatis Portal Vein
Tables and Figures
(444) ILdver
(iv) Hopatio Vein
Tables and Pigures

PART 11

—

(NERGIC MECHANTISMS IN THE DETETMINATION AND EEGU
0F THE TEMPERATURE AND THE ORCAN=AORTA TEV ERATURE DIFFERENTIA

AL M '-I"

The Effeot of Atropine Sulphate on the blood pressure

1, THE EFFECT OF ATROPINE SULPHATR ON "CORE" TEMPERATURES

(1)

A.

(i1)

A.

(14

Figures
The Castro=intestinal Tract

Response to the Injection of Atropine Sulphate in
the Warm Envirorment

Tablea

Hesponse %0 Environmentel Cooling after Atropine
Tables and Figuros

Hopatio Portal Vein

Respouse to the Injection of Atropine Sulphate in
ths warn eavironment

Response to Environmental Cooling after Atropine
Sulphate

Teables and Figures

Idver

Response to the Injeotion of Atropine Sulphate 4in
the warm envirvoment

Rasponse to envirommentel cooling after Atropine
Sulphate

Tables and Figures

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

69
62

SE&EESF

A w

S 84

90
91
95

95

95



(h) eaaewti! L' g o’

A. Rosponse to the injection of Atropine Sulphste in the

warm enviromment 101
B, Ressponse to environmental cooling after Atropine
Sulphate ' 101
A1, VACOTOMY

A, The Effect of Cervical Vagotomy on the Temperature
Distribution in the "Core Area” of the Dog 102
Figure s 103
(1) The GCastro-intestinal Traot 104
(11) The Hepatic Portal Vein 104
Plgare 105
(444) Liver and Hepatic Vein 106

B. The Response of ths "Core Arer” to environmental
cooling after Abdominal Vagotowy

(1) The Castro-ints stinal Tract 106
Figures 107

(11) Hepatio Portal Vein 113
(114) Idver and Hepatis Vain 113

PART III

Tableg and Figures 114

Core Temperatures ani Adrenergie Influences 119
Effects of Breiylius ca blood pressure 120

(1) The Gastro-intestinal Traot
A. Response to Bretylium tosmylate injeotion in the

¥ArR environment 122
Tables and Pigures 133

B. lssponse to envirommental oooling after Bretylium
tonylate 127
Tables and Figures 128

(41) Hepatio Portal Vein

A. Response to Bretylium tosylate injeotion in the
vars environsent 133

Tables and Figures 15

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



=

IN THE

(1)

A.

(41)
A.
B.

(111)
1"

PR v

Tables and Figures

Besponse to Envirommental Cooling after Bretylium
PART IV

EFFECT OF ADRENERCIC AND CHOLINERGIC BLOCKADE ON TEMPERATURES

"CORE AREA" OF THE DOG.

Effesoct of Bretylium and Atropine on the Blood Pressure
The Castro-Intestinal Tract

Response to the Simultansous Injoetions Bretylium
Toaylate and Atropine Sulphate (Warm Enviromment)
Response to Environmental Cooling after Bretylium

and Atropine

Tables and Figures

The Hepatic Portal Vein.

Response to the Simultansous Injection of Bretylium
Tosylate and Atropine Sulphate

Tables and Figures

Response to Enviroamental Cooling after Bretylium
and Atropins

The Liver and Hepatic Vein

Re sponse to the Simultansous Injeotion of Bretylium
Toasylate and Atropine Sulphate

Sssponse to Environmental Cooling after Bretylium
and Atropine

Tables and Figures

ROLE OF BACTERIAL MECHANISMS IN THE DETERMINATION OF
GASTRO-INTESTINAL TEMPERATURES

(1)

The Castro=Intestinal Tract
Mh " “ d MHCAN DIGITAL HEALTH REPOSITORY PROJECT

m

138
139
11

145
1456

145

147
14,8

155
15

163

170
170
m



AFRICAN DIGITAL HEALTH REPOSITORY PROJECT a

%_—- — | Sk - 1




. = :
g - \

o

- e 0 Uy

i M meratny mEgers_gwi o dds he g

R

R

— ¢

B i and muww eisis magsiad sas o w il iy

(.
.-.I-..l--l- "
LS -
- — &
- I - 1
1 h- : L

AFRICAN DIGITAL HEALTH RY PROJECT

e e | =N




I I-:'*'I' phy lit‘.llﬂﬂ‘ nf hut and tesperature regulation was immm&ﬁ;g,_
M dugﬂhing the "body temperature". This term "body tempermture®,
F seeks to define thn tempersture at which, like most biologlocal zystems,

e v

'Ilh animal body maintsins & thermal balance beivesn heat production end
i" hn; loas. The first accepted value for the "body tesperature” was
;pﬂn by Je« Davy in 1845, from his studies on the thermotopogmphy of
the skin. This tesperature messured in the mouth of human subjects
_|_I.'rl the value of "body tempurnture" as 98.4°F. Sinoe this report,
‘many more temporutures have Uoen measured in many other sites and they
El-ﬁ all been variously described as the "body temporaturc". From some
l!f'thl more recent work, it has become incrvasingly evident that the
torm "body temperuturs” does not in mctual fact, refer to the tempern-
Eip ni.‘ the whole body, nor does it refer to the average body “’?‘““

?}N. It 1s therefore considored n misnomer (Baszett 1949). Burton

-Eg'!mh {1555] referred to & moeting held in Copenhagen in which

'!11: was sgreed that the term "body tunpﬂntur- wan mislonding when

'.q! hug_ on measurement at any one locality". "It was: wl@t 3
it wes E'tt.r to measure the temperature nt the seleoted cir‘h qu‘b 4
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111n
1 h-r " A
‘15 that of "oore® <nd Mchell
: _'-' . ﬁl""bﬂh' tisguss are those whose temperatures &re
L L8 iiﬁhﬁl' a relatively narrow range (Leithesd & Tind 1964) very-
4ng net more than sbout 1.5°C and erv imuns to changes in onvironssntal
‘temperature (Niclsen and Nielson 1962). The "zhell® tiszsues, on ihe
other hand, are those whose temperatures vary quite widely with enviren—

A

mental temperatures (Leithesd & Lind 1964). Bassett (1949) felt that
‘™ihe conceéption that a man has an intérmal mass of t1ssues meintained
&t 37°C, surroundsd by a thin laysr with a steep temperature gradient
such that the surface temperature is 55“c is common but insccurate™,

: Brxperimental dnta show that thera 185 no such conataney of tezpereture
within the core area. Davy (1839) and Claude Dornard (1856) showed
dePinite thermal groacdisnts between the liver and the rectus of lapbs
and dogs respectively. In view of these gradients therefore, even the
ooncept of the corw 4nd ahell, though useful, ocan be seen as an over-
#i=plification (Purton and Bdholz 1955; Leithead and Lind 196k and
Brogelmas & Trowmn 1965).

:' ' One might then wonder what oxactly i3 the anatomicsl boundary of
%"uﬁn’ ‘area” and whethor the temperatures measured there are 'H.'uﬁ' \

‘or not, If they are not constant, {1t wmight be interos Al =
ow if they do bear any uuhluht-'rihﬁﬂuhtp-:w..,
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compri ___._.__-. ﬂmﬂ } texperatures l-'ﬂ mﬁ t"\

‘.- ! g! Hrnljhl tmmhm This plr'hl]'-‘l will inulu&! Jﬁﬁ'
dm,,ﬁm as those found in the hesd and neck, thorax und abdominal

cavity {hithnd..i Lind 1964). These same suthors canasidered the "shell®

as comprising the auperficial tissuss of theo arens mentioned above, as
woll as the superficial end deep tissuss of the limba,

It 48 difficult hopover, to give n formal definition of the extent
of the "core area" or the "shell” on a strictly snatomical basis; know-
dng fully well that the boundarles so described, are liable fto changes
‘with the heat content of the bedy. It is lmowm for instance that on
exposing the body to a oool ecuvironment, there 1a cutaneous vasocon=-
striotion which brings sbout a reduction in the blood flow through the
shell, Thiz reduces the thorsal gradient between the siin and the envi-
ronzent and thereby !‘noreases the insulation of the core area"from the
snvironsent, In this cape,the shell apponrs to incresse in thicknoss
®hile the core contreots (Spurr, Horvath, Hamilton and Hutt 1956;

i Asghoff & Wever 1958; Brogelran and Zrown 1965). The converse is also
$rus, thai when there is vasodilatation in tho shell, as oocurs on exp-
. osure 0 a warm enyironment, the lnorease in the blood flow to the shell

b Moo RYE] Y——
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* . . TEMPERATURS DISTRTBUTION WITHIN THE PCORE AREA"
l'lr . Tesperatures have beon messured &n: the "core area® for upwards

of two and a balfl coenturles. One of the earliesi reports on this wms
written by Borelli io 1680. Uszing & sizple therzosster, Borelli showed
that thers was not much difference between the tezperatures of the heart
of the stag snd thoss of Iits liver, lungs and bowel. Since thiz report
however; several other obszervations have been mads, which reveal the
axistencs of a definite thormal gradient within the deopor body tissuss.

(Davy 1839; Claude Bernard 1876; Horvath et al 1950; Grayson and Mendsl

e bl —

I 4956). This gradient might be quite small in the norsother=mic subjects,
in normal elrousstances, but it could be =uoh increansod undsr conditionn
of body cooling 45 wos found by Libelli and Poggl (1946); Haterlus and
Mataon (194,8), snd Stupfel & Saveringhaus (1956). Only & few gystematio
r ‘mesgurensnts of the tesperature distribution in the "core area® mee
obtainchle. Host of the available work report on measuresents takmn

|
ﬂ' 'ﬁﬁnﬂ; two or three sites at a time, It is tharefore Aiffloult to

from the -a-,mm:..m- handicap howsver, an attempt will be made
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suah Pt tomperatures found tn the brstn ur -qﬁ: ; mm
M'&uu found in thorsoclo strustures. ‘Thesd, on thy other

-ﬁt pnlh‘lly lower than the tesporstures of abdomirad m
1.} |-
= Thia pl.thm of temperature distribution mey be due to the fast

[
N ’ﬁ;li the ndlt-h:l.;hly motaboliaing structures found in the "ocore area",
are Iﬂ‘ul'hﬂ in the abdomen. These inolude the 1iver, kidnay and gas-
Mﬁlﬂlﬂl tract. Desides high metebolic notivitias, these sbdom-
4nal liru&tun: are known fo bo more insulated fros environmental infl-
uenoes than thorsoi{c structures. The thorecic structirms, Pfor instanca,

8re in constant {ntimate contsot with the respiratory air, witlch is

{nvariably cooler than they are and so constitutes a cooling factor.

It is homver the goneral concensus that there ia no constangy of

temporature within tho "core area". The pattarn of temparature digtri-
bution 4n husmsn subjeots appocrs to be different from the gensral
pattarn in aoimals. Por instancs, tasperatures in human pelvia have
often beén foun’ to bo higher than those in the upper portions of the
. abdoaing) osvity, say below the liver (Ipsen 1926); whereas the oconverse
s 48 fowd in lower animnls., Lomax (1966) found that the highest intra-
&Mominal tempsratures in the rat were recorded &t'a point closs to the

';;;; b are sisflar, in thet the highest int
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lere this highest temperature .
'bn 'hllt il.tn thu roctus es is. “mntm the 'mﬂ;.ntw
L,p ,-ml -.1&59)-. In lower anizsls homayer it may octcur anyshare jﬂahlr U
mm the :'I.nhltim from the duodem= to the colon (T4o 1899 and Grayson
ﬁ_u 1966) .
. In giving a more detailod desoription of temperature distribution
and therzal relations in the®core areal reference will not be made to
sbsolute tomperatures. This iz because thesze have varied quite widely
in the reports considervd. It 1a therelore belleved that a better
ploture can bo built from a congldaration of the various thermal rela-

tions rather than absolute tomperutures.

> TEMPERATURE DISTRIDUTION WITHIN THE THORAX

Relationship botweon right strial end venn caves temperatures
In the dog, right strial blood temperature has been reported similar

o the temperatures of* blood in the venn cavae emptying intc it. Benja-
=i and Horvath (1949) found no difference sxceoding 0.1°F between right
8trial end guperdor vens ocaval tomperatures, This, for all praotiocal

| purposes, oan be considervd nogligible.

B w

w9 situstion in human subjects i3 however Aifferent. m.ﬁ"m .
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0 bo expected, since the uu:Ly 3ifference between the atrial ua : 'ﬁ

e WA L .'E-"_ .

h _. ‘hloud is that the ventricle contains in nﬂﬂltlm,‘hlnﬁl

"Huhl:r;{nu inhu it through the Thebesian veins and luminal "I"'llﬂlhn
14 The a7 > »

.Ml, under ]ﬂUliﬂlﬂﬂiuﬂ conditions, probably reprecents only a s=zall

%ﬂuﬂm uf the goronary inflow, which sy not af'lect the ventricular
élw'lﬂtuﬂ noticeably.

The relationship botweon the coronary sinus snd the right ventri-
ole, in the dog, has been controversial. Benjamin and Horvath (1949)
for instance, found the blood tempermture to be similar, while Horvath,
!'i:;ltl and Hutt (1949) on the othar hand found the coronary ainus blood
B ﬂ-Ebi' hotter than the risht ventriocle.

RBsletionship botwsen the hiurt, lunss and the sortic tesperstures
It £s to be oxpootod that Blood Plowing through the lungs might

tond o 1ooms hist by evaporation} in which case left atrial and

ventriowlar snd probably sortis tesperatures might be slightly lower

. than the tesjarature of blood in the right sids of the heart.
~ CiFtstis and Looals (1932) however, showed,evidence that the lsed
Mﬂhnl in the two ventricles are similar. Nather, Nahas and

1(1953) o the sther hand found slight differences, but even
N = . - P . )

—

.
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Thia Lnttontes tht not such Best could hae bese lost in he mgas

.-"_-'::-':r"-: 808, Irvine end Kinnsar (1966) conoluled that since rig:i %
tenpe tEl'l %28 found equal to mortic tespersture, there ic s pul‘!,b—
__ ‘b‘*q{_'l.':lnnd M,_hﬂ’ active process, in the lungas, as n‘.ll l‘g

- 4n the myocardiun; thus compensating for the best lost in the lungs.

. %m of blood by the myocardial muscles had already been shown

| by Neil et al (1961).

| . Christie and Loomls (1932) sugpestsd that the tezperature of the

| lung is similar to both right and left ventricles. Thizs was however
” not found in the monkey, in which Grayson et sl (1966) found the tre-
chaal bifurcation 0.5°C oooler than mortic blood.

r SEMPRRATURS DISIRIBUTION WITHIN THE ARDQIEN

Ihe temperature of the liver, and its sss00iated vossels

*  The liver han loug been regardsd as the hottest organ in the
abdomen. (Masusawa 1940, Chimvies and Plslkas, quoted by Federov
& Bhur 1942, and Grayson & Mendel 1956). MNoru recent observations,,
Wh! thoze which iMolude measurezents from the hepatic vein and
M dlusen of various mglons of ‘the gastro=-intestinal truct, have sade

Mﬁpﬂliﬁ the ldver can no longer be regardsd az the hottest organ

s M) wATRALS N
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hmu acousulation of venous blood, which is normally hﬁ"ﬁl‘ﬁ_ir

*— rial blood (Pedsrov and Shur 1942). While this i3 true of

Lh W:ﬂlﬂmﬂﬂ.p betwsen the liver and the arterisl Ylood (Cavasine,

. Hiroh, Musller and Rolly 1894), it certalnly has not been found tre
for the relatisnship Detween the liver and the bepatic vein.

" ‘There are considerable variations in the valuas given by differ-
|| ent workers for the liver-sortz relstionaliip. These values nlali"i,j'
! show specios veariationas., Por instance, In the lasb, Dayy (1839)
found that the liver wns 0_5“{: potter than the left vontrleulear blood.

ledzel (1933) found & differerice of 0.2°C between the 1iver end nortic

blood in ansszthetizod dogs, while Srayson et al (1966) records® a

ﬁ.juﬂ difference in snaesthetized nonkey. In an attenmpt to explain
tiis speoies variations, Grof (1959) mado reference to the view points
‘expresssd by Kisiber (1941) end Waymount, Pleld and Fleiber (1942),
I that the liver =etaboliss boars an inverse relntionalip % boldy sise.
h In other words, 1% alght be expected that the Jiver 4w ssalier anised g

ﬁuht produce more heat, ac & rerult of highor metabolis utiﬂ’h'.hl,

5,28

8 the established spesies varfations, intra-species
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exiztence in himen subjects.
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The protagonists of the existence of thermsl gredientr explstn
‘ehis on the Besta of streanlined portal flow into the liver. By stream-

: Lmﬁ"ﬂﬂrﬁﬂ Tlow is meant e pattern of Clow whare, for example, the

- splenio vein empties preferentislly into elither the left liver lobe
(Bartlett, Coper and Long 1914; Himsworth s:d Glyan 1944 snd More and
Bidenbough 1951) or the right 1iver lobe (Jergstrend and Ziasmn 1955;
Wannagut 1955). Although podels of such streamlining have been built
by Barnott and Cochrane (1956) modern trends do not support its exiat-
onde in man (Popper end Schaffner 1957). This perhaps explains why

Grayson end Kinnear (1962) 414 not obtain thermal gredient between the

. Mnh‘i and deep layers of the 1iver in West African adults.
" One other reason which parhaps oxplalins the varistion &n the values

e . - Fh

nﬁﬂiﬁq& in the same aspeoles, might be found in the proportion of blood

eontributed by the portal wein and the hepatic ertery. Though it 4s

generally accepted that the portal vedn and hepatic artery contribute
;km Z% respestively, (Crindlsy, Werrick und Mans 1951, 1t han
'h-ﬁﬁiﬁ‘ﬁl{:‘fﬂthtr of then alone eould sontribute sbout 908, Tn :

y causs varistion in liver temperature. =

ol
h‘ﬁ BET. am- - 'J _Hr
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Eéi’u hotter than sortic blood thamnthtﬂuiﬂs :
In contrast to Koseka {1930) ﬁn found dog hepatic wite
Wd'.llm in tesperature to portal vein. In the e2t, however,
; :; fook and Otto (1841) found portal vein hotter than hepatic

- nwriﬂ blood.

. The relationship botween the liver and the portal vein han baen

-1

'1'

fiii !I:_:mh'ﬂ'l'ﬂrlill. for it ip generally accapted that the liver 1s not
much hotter than the portal vein (Grayson end ¥endel 1956; Jitariu,
Xook and Otto 1941).

o It 18 alao genemlly accopted that hepatic venous blood L3 hotter
than the portal vein. The figures glven howover show & wlde varistion;

‘ranging from 0.05%C to shout 0.5°C. (€. Bernard 1856; Kosaks 1530 and

I Pederov and Shur 1942). Phisz difference demonstrates the hoat product=-
10:: of the lirnr, whloh might vary iswediately af'ter digestion
(C. Zornard 1856).
Q' liver and reetal tempermture
Cavazzani (1894); Clauds Bernard (1856);: Jacobson [15‘?\‘1-)'1 Lefevre
(4991); Marshark (1939) and Horveth ot al (1950) have shom that &n

E’l’l‘iﬁiﬁiﬂ.tﬁ 1dver is hotter than the rectum. The values eiven ‘

o authors howsver, show not only species variations but also -
-spacies varistions. Por inatance in ths dog, values uﬁﬂng“

0.7 to 2.0°C hava been Published (Nornard 1856; 1

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



.

Py Tl b
- 1wl == .F.
" b o r S ’j' !

e r,m
'.-ru“l' - &7 _.-I"'

—-i p

T

A R N,
: il, on '.'ht nthur In.nﬂ, lm glmr-l narllmt on the nh_ n=. 8
RS .. 3 the liver end rvotzl temperatures in hl.-ul aub Jecta.

-

| l:l,. Gurm and Kinnear (1962) found the livar of West lrriun

lﬁﬂtl B.ﬂ}nﬂ hotter than tha rectum, there have been figures lhinh

lhﬂ'l thl opposite relationship. The valuss of the differences in this

4l e

os3se renge from 0.19°- 0,6°C; liver beins cooler then the rectum (Graf

et &l 1955; Graf 1959). This situstion {s perhaps due to the fact that
:: :_I!lviu temperature in man is often found higher than temperature taken
| further up tke abdominal cavity - especlally below the liver (Ipsen
1926). Craf (1955_'} however, explained this on the basis of the diff-
erences between the blood supply of the rectum and the liver. He felt
thlt owiong to the poor blood supply te the rectal mucosa, It 1s better
.!!Il.!uﬂ.ltld,_l.nd 8o botter able to conserve heat than the liver shich has
8 massivwe blood aupply.

- rature Distribution Along The Gastro-Intsstinal Tract
What can easily be deduced from the awvailable work on thermal

ahﬁnu within the gastro-intostinal tract is thet there ia nnplhul
I‘&“M. for the exiatence of & thermal gradient along the gut. '.!_hl




Bt d o s -

" Oesophagexl temperature cannot be zaid to be hozogenous aince the-

~ roal grdlents have been observed along its length (Cranston, Cerbrandy

© 4nd 8del1 1954; Mislsen md Mielson 1962). This thersal gradfent is

| ‘such that the temperatures Inecrease fro: the oral pharynx to the cardisc
| 'ond of tho stomach. Cranston et al, (195() showed that amporebire
Teoorded fro= a point 25028 from the lips of human subjeota, wma about
0.37°C"1ower than that recorded from s depth of 50cms down the oesoph-
8gus, At a distance of 4Tcas from the 1ips oesophagenl temperature was
| Towmd'0.09 + 0.015°C hotter than siblinqual temperature in man, Batine

kov (1939) gave = valus of 0.1 o 0.4 as the oosophageal - oral temp-
eratury differentisl. Tho thermal gradiont found along the oesophagus
18 prodably dus to the influences of such structures &s Lha truchea and
desconding aorta, which 1i¢ in olose proxizity to it.

~ The 4in™lusnos of the trnohes was azply dewmonstrated by Cranston
ﬂ il (1951.;) who showed that osacphagenl temperature, recorded Pron a

potnt shere the trachea was in close proximity to the ocesophagus, fell !

'hnﬂmh were mado to broath oold air but rose while breathing

5
=
¥ v . B m—
L] ‘
—— I

ORsoplgenl temperature, which has beon suggsted as &
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ﬂit&'m T neas oA ot on hwum@g
portion of the ocesophagus. = v
ric and Tntestinsl Tesperstures

|_ . There 15 no clear relationship between gastric and cesophageal

.~ tempereture. Batinkov (1939), for instance found that oesophageal and
gastric tesperatures were sin{ler except where there was gastric dist-
ontion, {n which case gastric tempersturs was lowsr. On the other hand
Revutski (1955) observed that the empty stomach had & lower temparature
than the ossophagus,

The conflioting observat!ons reported are probably due in part, ‘to
differences in "thercometer:" and mothods of measurement, aa well &s in
siton of measurement, within the stomach, T£ 13 Imown for instancs that
there exists a thersa) yradient within the stomach, This gastrio thormal
ﬂlﬂnnt has besn shown by Foged (1933) and Masek (1946), who found the
oardiag end of the stomach %o be coolar than the corpyus and the fundic
. ond respectively. The gradlent may not be very such, probebly about
| m"o {l’&;ud 1933). . The observed gradient may perhaps be ocaused by
B8 prosesse of gus bubbles in the ckrdiac end of the stomsch (Masek

194¢), sa w1l as other contonts of the stomach (Mead and Donmarits

‘obgarved in the values of gastric temperature «nﬂ&.
ed by gotting the thersometer in either the gas t
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';51’”3..,.,,_ peraoxis has boer uhé. to be mﬁlﬂ@
m stomech gl’uﬂ. mdnuunrih 19&9): thus lﬂmﬁ.ﬂé H—'— .:F
? ... : o 'hloqd. is cooler than the stosmach. Easula, Chars snd ﬁgm

m}) on tht nthlr hend, attrivuted the riss in gaastric temperature

I Oavity. The lstter obmervetion is in sccord with the findings of

thlz obsarved on body surface cooling to reflex hypersomia, They
!TEEI!'! of courne, that the arterisl blood is warser than the gaatrio

Nedzel (1934) who found mortic blood in ansesthetized dogs 0.1% botter
than gastrio temporature,

Duodenal temperature was found by Ned=el (193%) to be 0.5% cocler
‘than sortio blood in anaesthetized dog., This is in confliot with the
I."I.ml.tn;l of Revutakl (1955), who observed upper intsstinal temperaturss
l'.';ﬁ_ € hotter than oesophagenl temperature and the findings of Crayson
8t a1 (1966) who: found jefunal temperature 0.20% hotter than aortio
¥lood 4n the monkey.

E, Not mueh i3 known sbout the relationshlp botmwen the intestines
un the stomaolh, Upper intestinal tesperaturss recordsd from the

&uodenun sl Jejunus, have howsysr been roported lower then gastric
Sempurature (Hopburn et a1 1932 and Batinkov 1939). The d1Cferences
|_- ; N ] 1 . 4




o .-.-.-i_u*t\"‘t:

3 for quite a time been taken as a relishble iniax of body
mature, Rvidenos, however, is almady mnmmmm
d use as an index. XNany othor sitos which have been Hﬂiﬂh
Tagarded 63 mors relinble hays been suggested. Thess inolude s lower
{;' L oosophagenl tesparatiure (Cransten ot sl 4954; Cooper and Kemyon 1957),

o

N
&l

abdominal cavity at a point below the liver and close to the diaphragm.
(Lomax 1966), femoral artery (Bichne ot al 1949), and volded urine
during thersal balance (Kitching 1943).

Cne of' the critioama agalinst the use of tha rootal tempocature
&5 an index of the "core temperature™ 1o the exlatence of a thormal
I;'M‘I;I.lat flong it's length, Roctal temperuture has been found to

ingresse as ths "thersometer" is moved insards (ros the anal orifice.
E’l depth at which the highest vemporatury ocours veries, but in man
At 13 betwoon 25 aud 4 ina (Benediot and Slack 1911; Need and Bonmar-
| :_l'g-a__ ;!?_hﬂ}. In lower animals, it is also quite variable, Deeper ins-
ﬁ ertlona give lower yalues of rectal tempersture, probably becauss of

® prvzsnce of s rioh venoua plexus arowsd the area of the reotun,

\from the akin of the buttooks and external genitalis flowlng .
u&h‘*ﬂom might congtitute a uﬁulin; factor {lrlml l:nﬁ Dam:

v .|’q. "
"‘l" .
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' d any other zite in the "oore area”. Even shen it ¢ :
'ﬁ‘- M!ﬂh- the differences are never constant snd sre nﬁm
variations (Speslmsn 1946; Libell4 snd Poggl 1946; Hefsrius snd Maison

1948; Stupfel ant! Severinghaus 1955; Grayson mnd Iinnear 1962; Orayson

) ot ‘Al 4966). Tt therofore follows that the rwotel temperature doas
not represent the temperature of any other organ in the *tore areaj and
certainly not the hypothelazus, which iz regarded as being the cenire
for temperature regulation (Pusco, Humwl and Hardy 1959).

Local faotora, such as the presence of sasges of fasces (Mead
and Bomnarito 1949), muscular sotivity of the a. levator ani (Renbourn
and Taylor 1956; Bilroth 18562), and looal vasomotor changes brought
about by environments) $emnorsture changos (Grayson 49513 Grayson et
&1 1966), or by postural changes (¥esd and Bonmaritoc 1949; Cranston
et ll"l?ﬁ},liue beer shown to influence the reotal temperature. HNHence
1t oan be ssen ‘hat the rectun cannol be ccnsidered ' a rolinble index
of "oore temparatire",

ﬁ  relationship between tho rectal, the bardiag and aortio blood -

- = "
' 'llth the lﬁopﬂm of a few workers, it is commonly lﬁﬂphﬂ.._ thlt
"_w:ﬂ;uﬂ is higher tht.n tmil'lt'lll.'ll ﬂmﬁ rm m

[ o

) chasbora of the heart, Valoss obtxingd for uu a:l.-m__,“_'“ P

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



5 s | 1 o ol ]
ETer. e - .
'II'... - L. II - |
II
o
. = " ' 2
I-r‘-'q'l.a. 11 m i . -h “r-nllla'
s aempd s el gl bar i .

Ilf.lp"i 1;,,*1 ..II. . '1933}- . . : . e Y - N

| I 2N el e o} S .
~ ences oduld also be as much a3 0.2°C (Tichns ot a1 1251). Harmer and

'L!.i;_.. — e . i
ﬁl situation in husan subjscts 13 quite slellarac? e A fer-
B s & J
b Harris (1920) and Grayson ot al (1966) however showed that rectal tem-
h porature in human subjects 2z well aa zonkey, oould be lower than asortic
tomperaturv. Crayson and co-workers got & difference of U.}nﬂ.

Zhe rectus and the other resions of the gastro-intestinal tract,

It 15 generally acecepted that pasirie tomperature, partiscularly
in husan subjeots, s lower than ithe rectal temporature. Valuns heve
boen found to vary fro= 0.07 + 0.054° to 0.5%. (Poged 1933
Hoohrein and Schleichsr 1948 and Graf 1959). The &irectien of the
difference could however be reversed, as wis found by Spealman (4945)
who observed gastrio temperature 0.8°C nigher than rectmm,

Not much s Jnown about the relationship of the restal temperature
o Intestinal temperatures. H. Tto (1899) showsd evidence that duod-
S0Al tamversture was higher than reotal tespersture. Crayson et al
(9966) aizc showsd yojunal tezperature 0,5°% hottar than rectsl tomp-

3 in the monkey. This wns however, not found by Hoochrein and
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| - 1'“!61-1#! it 1a adaitted thut metabolic activity ccours in the

' -m%}, especially in the liver, whish gould generute quite & lot of
k- hent, it is generally thought that when compsred to the zusclen, the
l[ " wisceral heat produotion is alight.

That the liver produces botweon 12 and 18% of the total hest of
the body at rest iz however widaly acoepted. BEvidonces for this bave

"h_a_-p furnished by Kosaks (1930); Lehmen {1953); Behnke (1958), Dosekun
| ot 81 (1960) and Grayson and Kinnear (1962),

The role of the gastro-intestinal tract, on the other hand, 13

88111 & subJect of controversy. BSosme authors consldar this as very

‘ alight., A figure of 7.6% of total heat production is quoted by

Isfh-.n (1953). Considorin 1§ the great length of the gastro-intestinal

tract and the high metaboliec activitias of both the muasoular and the

Suo0sal ooat, as well as such heat producing processas as, tha trans-

gqrt of fcod substances across mesbranos during absorption, the aotive

:&i‘pﬂn activities masociatod with the cell turnover of the mucoss
y EL T

m hhu tenlc sotivities of the musoular wall, one cannct help. :l'ﬂl‘l.ng

988 s flgure might be low. Greyson et al (1966) adduced evidency
hat ! Yalue could, indsed bo as high an AOX of the total heat pro-
Hon 4n the resting body, o
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30 response of the core tespersture to changes in environmontel temp—

*ﬁbun has for sometime beon a subject for controversy. The result

il t‘imt gven tu date nothing vory dafinite is imown about this responze.
'ﬂant'lfonrl: has arisen largely out of the variations in methods of
experizent as well os "thormometers” used. MNore than these, thare

'Hvl been variations in the methods of analysis of the results obtained.
loitluthura basad the interprotetion of their resulta elther on
absolute temperature changes, or on the rates at whioh these changes
ocour, A few othars used the temperature differentials between the
various structures and the sorts. Interpretations of some have Creg-

uently been conflioting.

E effeot of body murfaoe cooling on the core tempermtures,

.Euq.‘!‘.na the body surface of hunin subjeots, Masuda, Ohars and Katsure
(1953) and Grayson (1950) produced increases in gastric end rectal

_#hpintm,n raspoctively whille Nedsel (15‘34]: Yodarov and Shur [ﬁlﬂj
aad Gmyson et al (1966) working on pentobarbitone ansesthotized dogi
ﬂlgu.-nh_fl gbserved & continuous fall in gastrlo, duodenal, leunll,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



35 ofhars (Fomingmy 1908 GoLoSAGRY Samparstare, on oxposiry to
e, .0 Mg e i
‘B?' riss. Environmentsl surwing has lso bosn Bhow ’“‘o* _1
ﬁﬂu & goneral rise in the “eore™ tempsratures of he n:a:."tqr'“‘“ .r
(Grayson et al 1966). Stupfel snd Ssveringhsus (1956) on the other

hand, did not observe any chango in rectel and solonic teaperaturas
in ansesthetized dogs. This may probably be due to differences in
‘the dspth of anmasthesla.

Nechanisas involved in the rvsponss of the "oore" tempeimtire to
environmentsl coolinz,

— e

I‘E!EEEE changes

. In.explaining the chonges that ocour in "pore temparatures” on

; hody surface ovoling, Sors suthors sssuzed that this is brought about

malnly by blood flow changos (Creyson ot al 1966). There 1s however

no genemal sgreessnt on what changes do ooour in responees to environ-
mental cooling. Masuda et el (1953) end Grayson (1950 & and B) have

r suggested Llat the rize in gastric snd reotal tomperatures observed

during envirunmental cooling, is due to hypersesia. Gastro intestinal

YAsooonstriotion on the other hand, hag been sugpestsd to follow body
Sirface oooling (Greyson 1966). Grayson (1949 however showed that
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The participstion of the viscers in thersozenssis during oty ocsling
 bAs been very comtroversial. Except for the ret, whers definite mons

B
_—

- shivering thermogenesis has Been demonstrated (Davis snd lxyer 19545 |
‘i mﬂi‘l‘"‘l?ﬂ), 4t s sti1] the gomoral opinion that, heat production

in Hiﬁaﬂlﬁ to environmontal cooling Is mainly dspendent upca shivering.

: "~ Bvidenco ebounds however to show that soms of the obsarved inore-

ason in "gore™ temperetures during body eovcling are dus 4in part ts

increased hagt production. For instanoe, the liver is Imomn to inor—

| ease its heat production in responss to body surface cooling (Konaks

II 1930, Nedsel 1933). Trcranns in heat production along the gastro-
intestinal tract has slso been sugreatod (Pederov and Shur 1942

| Grayson et sl 1965; Donhofler ot a1 1962). This has however not been

proved oconclusively,

How much incresse ooours in the ganatro-intestinel tract hoat

‘production and what machanisms mre invelved 1n this still awaits
further masaroh.
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half conturfes. The mm: emﬁ,ﬁm
ong *Ef’m gastro-intestinal treot, other than froa the mouth,

B rectm S dotn, overes 014 o€ start wibhl “tng bl ot the century
 (Thiessen and Snell 1933).

| " Before the present work there ssemn to hive besn no well definmed
| ﬁi’_’iﬂ*‘mfipﬁiu sapping of tha "core area" of most animala, especin-

11y the dog. There are however, & nuzbar of scattared moasurements

|' from a few sites in ths core area - from wilch pome form of tesperat-
| ure dstribution could be mmthesized. The firat aspect of this work

will thorefore deal with & systemstio atudy of the temperaturs dintri-

bution’ .°  in the ™aore area” of the dog. Special emphasies will be

1aid on the thermal gredient along the gastro-intestinal tract and its
relationship to the liver.

Froa their work, prompted by the observations of Graf and Graf
fdsﬁ?) » Grayson and Finnear (1962) showed that the liver tezperature

in husan gt leots was 0.44°C cooler than the bowel tempsrature. !ui.h;
thelr calculations &n this different{al;

Gzsuming the liver to le no
ooclar {kan the sorts snd making assumptions as to total bowel blood |
Tlow, they estimated that tho heat production of the gastro-intestinsl

“amount to at least LOT of the total body Best production
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, mmmnm gooling. Up t11) now, however, the mechanisa

_'_-ﬁ'i 1 T ._ “ﬂwq; mm

"mﬂa. 3 m‘hﬁ,ﬂfb mm J

v cloie b DlenlbElES
m: -gg Shur (1942) showed that in the dog there is evidence

M‘A‘E’“H‘ in the hoat producticn of the gertro-intestinel Mt

el o

whoreby this increased hest production is acoomplished 15 not known.

o
l.-'-\.'

TE,I work will pttempt to eveluate, in o séai-quantitative way, Ehg_
xﬂnpwﬁ by both udnnurg!.n and cholinergle influences in this |
Tosponse. The role playsd by these {nfluencesz in the determination

nf‘ Eh!* tnmuturn levels in the gustro-intestipal traoct 4n the n;m

ant will also be studisd,

'I“— .
‘i'_._
"a 1.
» *
-.'l"-.‘:.-l
‘. -
¥ e ‘
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ent of temperwture
hese Include the sizple mercury in glass

thermome ters, thermocouples, thermopiles and thermistors. Apart from
‘their higher sensitivities and shorter measuring time, thermistors,
thermocouples and thermopiles have their smaller sizes and flexibili-
ty as added advantages over the mercury in glass tharmometers. Theose
therefore can be used in the measurements of (esmperatures in organs
such as the liver and gastro intestinal tract with minioum of trauma
and interference with normal functions. Higher sensitivity and shor-
tor moasuring time notwithatanding, thermistors have no real advanta=-
g0 over thormocouples in the present work, aince the temperature

changes are not too small and the mte of change of these temperatu-

res are fairly slow. Therwocouples were therefore considered quite

adequate for the present messurements.
& prineiple of thermocouples.

Thermocouples can be represented in prineiple by the diegram in

Fig I, Junotion A is the measuring or "hot" junotion, while junotion
B 1s the reference or "00l1d" junction. C and D are the junotions be-
tween the thermocouple and the lesds connsoting it to the recording
instrwent.

fsebeck (1821) discovered that in a oirouit made up of two dis-
xller metals as in Pig I, 4f junction A is kept hotter than jJunc—

n B, an eleotromotive force is doveloped between these two Juno-
IH.II‘I causes an elesotric cuwrrent to flow in the nl.l:*uul.t.
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When /\F 12 sall P is the "thormoelootric power” of the jmetions

st temperature T and it is determined mainly by the phycicsl chemistry
of the m-hll. !.'hltbuﬂ describes the Seocbeck elfect, When a low
impedance elootrical daetector i{s used, some proportion of the ourrent
produced is absatrected for measuring purposes. This and the high re-

sistance of the lecds, contribute to reduce the current flowing in the

eirouit. A successful thermooouple therefore réquires a high valus of

thermoeleotric power and s high impedance detector (Kay 1964). This

is perhaps why sensitive current messuring galwanometers are used with

therwocouples, Thess abstraot the least possible current, thersby not
spoiling the open circuit Seebeck law with the Peltler effect (Kay 1964\

For most biological tempéerature peasuresents the common metallic
combinationa are, copper-constantan, constantan-ochromel and bissuth-
antimony.

In praotise, there is m grent need for keeping the tempersture of
the refareine ;ﬁﬁﬂm oconstant in order to avoid the generation of
spurious ﬁ.t.!l". [ﬂﬂrlnﬂ. Axolrod 1953)« TIn order to overcome these
ﬂmhnﬁﬁnn{tulhﬂhm known to keep the reference junotions
in thermontats containing eithor ice water or slternetively a freesing
lﬁhl‘l. or water kept at 57’!:. Ocenssionally however, some other
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Fig 2.

The Electric ithermometer.
Plate shows ithe thermometer with the light spot on its

calibratsd screen. The connection box is on the right
hand side of the thermometer.
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O ometer type TE3 i

boratoriet Ltd, Copenhagen. (See fig 2). This thermometar works ‘

"on the principle of thermocouples, and the ocurrent generated between 1

the hot and cold junction is monitored by a sturdily duilt galvanope—

ter. The deflection of the galvanometer is reflgctsd on to s oalib-

rated soreen, as & spot of light with a thin dark line running down

{ts vertioal diameter. The soreen is calibrated in 0.1°C from 16%-

46°C. Although Graf (1959) felt thet only about 0,05°C could easily

be read on the instrument, with praclise 1t became possible to read

sbout 0.02°C with ease. .
The "hot" or measuring junotion of the thermoocouples are made

into detachable applicators, while the “oold" junction is incorpora=

ted within the thermometer. The effect of changes in atmospheris

teoperature on the "eold" junction is permanently, nuuur;ttla' and

without adjustwents compensated for by a built in device, which mcts

directly on the galvanomoter. Thip therefore removes the problems

of the generation of spurious e.r.f, a5 a result of fluctustionsa in

"eold justion temperstures. It {3 guarenteed that this compensation

‘works correctly m,_,.__'nmnt ttnp-ntﬁunl between 10 and 33%, 7This

scvers the range of temperatures in -hinh the work was done. The

Mi han a lﬂl-rﬂthnd rlnnl;d.ing nocuracy of +0.%% of the scale

rﬁﬂ- This in the thermometer used means an accuraoy of +0.1°C. o

&
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Pig 3.

P4

PV
°nd 0S(G,

The app tora.

Type 76 used Cor measuring aortic and liver temperatures.

76
Type HMi usrd for measuring portal and hepatic vein as well
as duodenal, ileal, large intestinal temperatures.
Type BRX2 used for measuring reotal temperature.
Type 05C. used for measuring gagtric temperature.



i I L
LA L

fastured by Elekrolaboratoriet Ltd, Copenhagen were ussd for i

| present measuresents. (See Pig 3) They are made of copper-ooni-

‘tantan or chrome nickel-constantan. The “hot" Junctlcas ln'nl.hl'fﬁr

‘the tips of these applicators are positioned in such a way as to be
‘yery sensitive to the teoperature they are measuring. The other free
‘end of the applicators are connected to plugs whish fit into sockets
‘on the connection box (See Pig 2)., The comnection box has & number
of buttons which when pressed bring different applicators into conn-
eotion with the "cold" junotion in tums.
Type 7.6
This flexible applicator, diameter 0.8mm (gauge 21), was used
for msagsuring temperatures in the liver and aorta.
The "hot" Junction of this applicator and i{ts leads are thin
and so it requires no special contact cap.
Lype R¥,
This applicator used in the present work for measuring temperatures
within the portal vein, hepatioc vein, the lumen of the Quodenus,
Ldeum and large intestine, is encased in o plastic tubing (Adlameter
2.2m). There is a stainloes atoel cap at the end of the tubing,
with which the "hot" Junotion makes contact with the substance whose
| | w.ﬂ.hﬂhh!ng moasured.

‘m was used for measuring reotal temperature while the 0SC was
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eads s in both cases are enclosed within a rubber tnhing of ﬂmhr

'sise 6mm. There is s stainless steel contact cap at the ln!. of each

Cheolcing the accurscy of the applicator

At the beginning of the series of experiments and nlso after every
subsequent 72 hours, the temperature readings given by the pplicators
were cheoked against a standard thermometer.

A1l applicators used wore tied around thoe buld of* the thermometer
whioch was dipped into an insulated beaker of water. The water in the

beaker was kept well stirred at diffsrent temperatures.

Thensver disorepancies cccurred between the standard thermometer

and the galvanometer readings, the zero reading on the eleotric ther—

momster was recalibrated. It was found that at normal room tempera-

ture of about 29,2 + 1.6°C the zerv 1ine had to be shifted 0.35%,
to give aimilar values with the standard thermometer,

Since snalysis and interpretations in the present work are based
on organ-aorta temperature differentials, correlation graphs were plo-
tted botwoen ¥6 and the other applicators (See Fig k). Applicators
giving nore than a 0.,03°C deviation were discardeds Readings obaer
'!.‘,ﬂlﬂ;l the different applicators were correoted for accordingly.

i
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AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
e L]




i
157 ..-”.

.N L
te




d. The animals were usually housed for four days before use and
.'MM?!PHQRI!E-HH with low protein content. They were however

‘pade to starve for the last 24 hours before the exporiment. This
was done in order to ensure that the gastro intestinal traoct was
empty, and that transportation of food across the mucosal membrane
during the experiment, was reduced to the barest mainimum,

The dogs were anaesthetized with Bodium Pentobarbitone. B.P.
Abbott's Veterinary Nesbutal (1cc centaining 60gms (1 gr.) of Nembutal

dissolved in 10% alochol and propylene glycol 20% v/v). A dose of
between 0.6-1ml/kg was sdministered intreperitoneally. Injectiome

of 0.5al to 1ml nembutal was found necessary, twice or thrice during

the course of the experiment to maintain the depth of anaesthesia.
the preperation of the anizal

The truches was cannulated and connected to a positive pressure
pump with a stroke volume of 150co and a rate of 12 oycles/minute.
The left femoral vein was cannulated for injection purposes while

the left femorsl artery was prepared resdy for blood pressure recording.
: Gastrio rature

The distance of the stomach from the mouth was roughly estimated
and marked out on the applicator used with a ring of thresd., After
mmuﬂm, the applicator was introduced into the ocesoph-
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The external jugular vein was exposed just above the slaviole.

The approximate distance fro= the exposed vein to the np-uning:-ﬂr the
‘hepatic vein into the inferior vena cava (about the level of the

diaphragm) was determined and marked with a thread ring on tho appli-

cator. The applieator was then introduced into the jugular wein and

puahed down beyond the heart into the Inferdor vena cava. When the

mark on the applicator was reached, the applicator was gently manipu-

lated into the hepatic vein. This was indicated by & sudden increase

in the recorded temperature,

RECORDING TEMPRRATUHES WITHIN THE ABDOMEN

A midline incision sbout 12 cms long was made along the linea

aAlba, Eleeding aites were meticulously sealed to prevent haemorrhage.
The Duodenal Tespermture

After the duodenum had been identified and brought up to the body
surface, the applicator was introduced into its lumen as d.uu.r:l’b-&
in Fig S.

A purse string suture was made into the wall of the duodenum.

_EH"“ followed by the introduotion of ths applicator, around which

op bad besn tied, into the lumen through a small incision mads

- . .-
j
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.Iﬂir identifying the ileum and the large intastine, tie above pro-
oedure was adopted for the introduction of the applicators into their
m}

The Portal Venous Temperaturs

The portal vein was reached from & branch of the splenic vein.
(oo £ig 6).

The spleen was brought up4o the Body surface snd the main sple-
nle vein emptying inta tho portal vein was identifisd. Doops of thread
were then passad round thii in preparstion for the introduction of
spplicator. The applicator was Introduced into the vein through an
inoision in its wall. It waa then pushad into the main portal vein
until a reaistance indicating its entry into the liver was felt. It
was thersaftor withdrawn by about 1om.

The liver temperaturs

- Liwer lerperature was recorded froo the left luterel lobe. A

suture was male into the substance of the liver. One end of the
doose tiread of the suture was passed into a loop tied around the
‘8pplicstor after whioh it was pushed into the liver lobe plerving

through the middle of the suture. The applicator was then fixed in
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Yig 6.  Disgrapatic representation of the introductiom of |
an applicator into the portal vein. |
Ol LT

| - - .

B e ) ifare 1o

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



J

e

FIM up against thlll_ﬂilphﬂﬁl, Ihﬂi the stomach was pulled to- |

A longer midline inocision was found necessary. This had tc

reach as far up as the xiphiaternum, The liver lobes were then "

wards the pelvis. This brought the hepatic arteriss Into full view.

With a cotton wool dissection, the arteries mere cleared free of mese-

nteries and loops of thread were passed sround them, ready for ligation.
Lization, except in some special cases, did not follow immediate-

1y, but onme later on in the oxperiment.

Yazotony.

Vagotomy was done in two ways in the present work. One was

oervical vagotomy, in whigh the vagus nerves were sectioned in the

neak, The other was abdominal vagotomy. In the latter, vagotomy

was done in the abdomen, Just below the diaphreagm at the level of
the cesophageal hiatus. (See fig 7).
Vagoto

' Bofors the introduction of the tracheal cannula, the vagus

d P
nerves were dissected free from the corresponding carotid artery of
oithar side. Loops of thread were then passed round each of the

nerves hefore they wore retumed to their original positions. Later

An the experiment, they were brought out again for ssctioning.
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-ﬁ*'h i!iuru shows the anterior and posterior vagi
P at the point of sectioning.
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A long midline inoision was needed, reaching as far m: tis

xiphisternum. The abdominal walls wore then retracted and the stomach
pulled out to the right, Thus it was possible to got a good hold of
the oesophagus. The peritonesl covering of the copsophagus was then
opened with & palr of Spencer Well's foroepa. 1L was then possible
to get fingers around the oesophagus to fesl for the anterior and
posterior vagi. These were then sectionad.

It may be portinent to mention here that the nsed for aspirating
food froa the stomach of the dogs did not a rise, since they were
atarved for the last 2 hours before the experimmnt,

Reoording temperature in the mectus

Before the insertion of the applicator the rectum was alwnys
oleared of feaces with a coiton wool covered spatula.

This done, the applicator was inserted to a depth ranging from
8 - 10 ens or 3 - 3.5ina depending on the site where the higheat teo-

perature wus obiained. Fig 8 showa an X-rey photograph of the rectal
probe in position.

Becoriing Aortioc temperature and blood pressure

Aortie temperature was recorded from the abdominal aorta from
& point olose to the origin of the coeliac artery.

The applicator
6 was inserted into the abdominal morta through the fomoral arterial

"w_ oannula, It was thus possidle to record blood pressure and sortic

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




Tig B, X-ray photograph of rectal applicator in poaition,
Hote the relatiomship of the thermojunction to
the pelvis. X marks the Pﬂi-'h'!‘ﬂ of e aorty Ctﬁ:lfm[l:r_
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temperuture simultan ig 9 shows the arrengesent of the
*ﬁ"&-?f Y Seis o _,‘_ > ;;'-,_.t Rostor saed
It was found necessary to push the tip of the spplicator sbout

12 - 15co8 inside thé sbdominal aorta to got to the desired noint.
O0.2ml (1000 units/ml) heparin wasz injeoted into the artarial
cannula to prevent clot formation. After an hour, ¢ Durther O.2al

heparin was injeoted intravenously, Blood pressure was recorded with

the aid of a mercury manomster,

After the operation, the sbdomen of the animals were sutured in

two 1a and the positions of all the aprlicators were checked
Saysrs po pp

e =0 L
©  Pig 10 shows an animal fully prepared for recording while fig 11

'i.‘!" an .I‘l_"ﬂ.' photogreph of the various positions of the applioatora
l'.hr..p]lﬁtim.
Asbient Tempersture

The experiments In the present work wore porformed in two
different ambisnt temperatures, denoted as the "warm" and "“oool"
eavitgiments. The 'waru' enviropment refers to tho envircomental con-
ditions when the windows were opened to the exterlor so that there
lE___h:!u exchange of air between the outside and the rcom. The
asbient tempsrature then was usually 29.2 + 1.6°C and the relative

The laboratory is equipped with two unita of the ordinary room
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Mg 9. Plate shows the arrangement of the arterial cannula

and appliocator type F6 for tha almultanscus recording
of blood pressure and aortic temperature,
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nt and fell ocntinuously in the cool environment. During:
periods however, the temporature differentisls between these
I'I.ndi the aorte werv alwaya, in the main, coestant., Thl-i:n;lnti
'-u'h yrvations and infnrunr.-uu. were therefore, mainly based on the temp-

Intm ﬁi!‘f-nntialn between thess various organs and the norts, '

. In one or two organs the temsperature differentisls varied from

" time to time. A regular ogoillatory variation in the values of temp-
| iu:un differentials wns obperved for instance, in the hepatic vein.
H_.n,. the valuss varied about 0.15°C around the mean, This oscillation
of valuss was found related to e respiratory cycle; temperatures
being usually higher st expliration and lower at inspirstion. This
£ype of osoillaticns was however not obmerved armywhere 4n the gastro
intestinal trant. Inctead of this, soms spontaneous orratic varistions
in the yaluss of tempersture differentials were observed ocoassionally
but these were by no means regular.
Table 1 gives the man valuves of temperature Aifforontinls ‘
‘betwean various organs in the "core area" wnd'the sortic blood of |

'Eﬂ].lon, Bosszired in the warm environment. The following patters of
' ‘wmerges from the tabla.
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£ m = H-’E"" Tl-ﬁ
Ilhﬁn hmtatty = 72.8 + 2.08

B s .
INTESTINE PORT, VEIN

| 04°% }-0.02°°10.32°° |0.39%° |o0.3,°

The above are meana of sixty mean values teken from experiments

ooaposed of

(a) Meeons of preliminary mensurements.

(b) Memns of warm readings in ten control experiments

(o) Keans of wonrm readings in tem atropine series before the
adminietration of the drug.

(4) Means of warm readings in ten Bretylium series before

the administration of the drug.

.~ s, leans of marm readinga in ten Eretylium and atropine

serien before administration of the drugs.
. Yeens of warm resdings in ten cervical vagotomy series
. before vagotomy,
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B BSst TeRonn- oF 456 gastiorintestinal tractiwers substaniisllsie-
B, thor than the sortic Ylood teapersture. : .

.

ean valie of the organ-sorts tempermture 1 ferentisl

‘obtatned for the duolsntm was 0.57°C; while that chtained for the
Alaun was 0.49°C. The mean valua obtained for tis Jarge intentine "

H ﬁi‘iﬂ'&uqﬂ-'. while the valus obtained for the reotum was - 0,02%C,

| LS55 Table 1 shows cloarly the existonce of s definite thormal gradient

‘ along the pastro intestinel tract.! Temperstures can be ssen to inore-

|| sse from the ctosach and anus, resching a peak in the duolsnum.

‘Besides beling. the hottoat roglon of the gastro intestinml tract,

L€ can be. seen that the highest Intre abdominal temperature differe-
ntial was recorded in the dusdonum. This was mbout 0,08°C hotter
than the next hatlest réglon, the eun. The large intostine followed
with a temperaturs 041370 oooler than the duodenun,  The stomach was
Boxt with'a 0.16% aicference totwoon Lt and the duodenum, Mozt of
thaps Aiffcrences were quite congtant and significant,

S Rectil tampernturd recordsd froo the holtest region of the

ootun (wepoint usually Betwsen 3 and 4 inchae from the orifice) was
‘found eonsiderably cooler than sll the othar portions of the gastro

iﬁgt. Tt wan the only reglon of the gastro .'I.ntuﬁiu]._

pl;ﬂﬂ-'&,tklﬂ the sortloe m e niume PRI

i is ol . 2 S i . b= 2 B
1'_"‘ BEi rtsd = 5 abheb -.-?‘
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temporaturo l.‘li‘hrmtiﬂ obtained
- T q‘.’

5 series wes d.}& C. This iz slightly lower than what wss obta-
;M!f& most regions of the gastro intsstinal tract (with the

‘exoaption of the rectum). It was about 0.07°C cooler than the liver
‘and 0.03°C cooler than the hepatic vein. The mean tecperature diff-
irlntill batween the hapatic vein and the portal weln was never more
than ﬂﬂﬂuﬁ, a difference observed in the control cooling series.
(See Table %b).

The high portal vein-aorta temperaturev differentials demenstra-

tos the aignificent role being played by the gastro inteatinal tract
in heat production.

THE LIVER.

The liver-aorta temperature differential recordsd in this serien
was 0.39°C. This has already been pointed out as being about 0.07%
and 0,05°C hotter than the portal and hepatic venous blood respeot-
ively. It is 0.18%¢ ococoler than the duodenum and 0.0?°C cooler thanp
the 1leum. Tt is about as hot as the stomach boing only about 0.02°C
oooler. The liver in these dogs was however considerably hotter than

the rectus, The difference between the livor and the rootal temper-
atures was 0.41°C.

e
‘The mean of tho hopatio venous blood-sorta temperature aifferen-
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1#& ‘been ntlbl:tﬁl ERaWT0as o2 ‘the visotlac u&;ln[h-ufh
orrhaze 1s a n&lltt‘ﬂutigp of blood. This, uﬁn‘_ﬂﬁn rs,
E

|r .'lm 8 vyapoconstriction in the glltrﬂ-mllla.ﬂlﬂw Qmoﬂl

H 1Biﬁ,uhm‘1915} A ruduutifn i.:_p, llnn-n'.u!i.u flood flow on blud.tua
| ®
| ‘had been reported 1!1.113, thus confirming those sarlisr Cindings

‘ (Selkurt, Alexander and Pattorson 1947; Selkurt and Breacher 1956;
Gregg 1962). Scarborough (1952) reported s reduction in thermal
condusctivity of canine oolonic mucosa on graded bleeding and inter—

| preted this &8 vasoconstriction.

The effsct of blood flow changas on the abaolite tamporatures
moasured in gastro-intostinal tract I8 controversial. For instance,
'lhﬂlr & fall gastric temrerature on histafine injeotion was interpre=~
ted a8 refleoting hypersenis (Henning Demlingignd Kinslbeler 1951)=
8 rige in gestric temporature (Masuds et al 1953) and a rise colostomy
tomporsture (Crayson 1949) on body surface cooling were attributed
t0 reflex vasodilatation, Grayson et al (1?65} howevar - attributed
the rige in the t.npnrntuf-u of the Jejunum rulnti.u to the sorta, in
3!;@:; ;q}oqr surface cooling, to ﬁmum:tr_i_ﬂtiun.l S

T the prosant seriss Lt wes intended to thvestigate the afeot
of hasaorrhage and consaquently vazoconstriotion, on th.l pattern of

mzu 85 woll ags the leveis ol the organ - soria Lezperature
8y in the ‘core ured of the h‘i
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fust enpugh to obtain o 20 mm Mg fall
¥ -p.tﬁ?-—’ﬁrodi'mm. Uzually & blood ﬂwﬂ%
ﬁi '-l quired to produce this fall. '

4 ‘I!h MJ-MM win the picture pbtalned:- ,
I"'ll‘hrﬂ-lalﬂﬂil *raot @ : . |
| .m 12 demonatrates the response of the gastro~intastinal tr::ﬁ
H to bleeding. It canibe seen from the graph that there was a alight
| | MI, fnlfirnd by & rocovery in stomsch-aorta temparaiure M fferantial,
| The duodenum—aorts temperaturv difforentisl rose &siinctly after a
brief latent period. The new level obtalned after this riso wia
aignificantly different from the pre=bleeding value. The ileum -
gorta temporature differentisl rose instantly and reached a new lavel
“ I.‘l.':h'r sbout thirty minutes. Thiz ndw level was clao slgnificantly ‘
| higher than the pre-blscding velue. The reaction of the large intos-
tine-aorta temersture difforential wos very almi¥ar to that of the
‘ ﬂn- oxcopt that it took longer to attain a new level.
I The rosotion of the reotum on the other hand was quite different '
froo tha other reglons of the gastro dnteatinal traot, in that instoad

hﬂu ag in m:- ru;j.unl, the rvotus-aorta tempersture differen-
o, 1 "h'-# i
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The Liver

" -+i1¢hnn:h*th-r-“-|:,n glight fall in the liver-sorta temperature
differentisl, this transient reaction faded in about twonty minutes
‘and left no trace of any marked response to bleoding. For most of

~ the tims therofore, it can be said that the liver did not respood to

this type of bleeding in terus of temperature (See Pig 13).

The_bepatic Vein
. The hepatio veln did not reapond in any significant way to

blesding, It showed some defloction; similar to that of the liver

and 1ike the liver, it was quite trunsient and negligible (See Pig 13).
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Maras (1939)»?" ' @ in thl hqlutﬁnl{:f t‘hl—miﬁul

inner organs in response to environmental eooling. He Lhus confirmed
the earlier report of Fetacherin (193,) who reported a ri¢s in liver
tempersture on environmental cooling. Although Grayson ot sl 1966
reported & fall in all the absolute temperstures messured, they
observed a rico in the jojunum - aorta temporature differentisal, on
modarately ococoling the body surface of ansesthetized monkeys. A
similar rise had earlier been cbserved in the hepatic portal vein -
asorts temperature d.‘lrrﬂrun'l::_ial on gooling the body,surface of non=
anasosthotined dogs, (Pederov and Shur (1942).

The present series of exporiment was therefore performed to see
the offeot of environmental cooling on the valuos as well as the
pattorn of distribution of the organ-sorta tesperature differentials,

in the 'core area' of annesthotized dop.

The experiments were performed on eleven dogs, weighing betwean

J and 13 kgo. Cooling was commenced an hour after & constant organ-

aarta tﬂpnr;turi differential had been attained in most regions

;h: u‘ltrn-uta:tinil tract and the liver, in the warm envircnsent.
Cooling was oarrisd out as proviously described, using two Westinghouse
(‘Ii h.p.);ﬁ* condl tioners., The desired tempeorature was attairsd in

|m ihlrtr minutes. Cocling was usually not enough to produce
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ronzenta muuu. ulg'th- ! o
e | “the ;.stm-mutaﬂ ‘ract.
o1 ~a(&} givea the corresponding mean organ-aorta tmnmm dire- 1

]F- 'uugﬁih of thenss regions during the hour preceeding cocling and
after the second hour of ccoling. Pig 14 shows the typical reaction
of the organ-sorta temporsture differentials (msan of 8 experiments)
to environmental cooling. Piz 15 shows the mean values of the organ-
norts temporature differentinls of the varicus regions of the gaatro
intestinal tract (mean of 10) ¢ne hour before mnd imoediately after
the second hour of cooling.

Prom the above, 14 i3 seen that the mean temperature differenti-
als betwoen the various reglons of the gastro intestinal traot and
the aorta inorsased durisg cooling. The most reactive reglons were
the stommch, the larze inteztine and the reotum.

The stomach - norta temperature differontials incrvssed steeply
with the inception of cocling (see ¥ig 14). The rise was ocomplate
in about 4O minutes, after whioh & new bul higher level of gastric-
aoria Wmtun differentials wao resched. The change from the
pre~scoiing value of 0.20°C + 0.12 was statistically significant mt the
Hq-m (£=3.7123).

!H rectum too showed & rise of 0.15 % on cooling snd this too
‘statistically significant st the 5% lovel (t=1.987).
The duodenum, on the otber hand, did not chow much change.

gradusl rise shishoosdenmistdfuminstes o reach coupletions



mﬁ%—l—ur‘h “temperature differential” distribution aleng the gasiro intestinal tract

before and during the 2nd hour of envirogaental nunliuﬁ.

"Sara” savivpment; dry buldb temp
"Cocl" snvirmament; dry bulb temperature =

erature =

2ol =

1.6°

relative bumidity:- 72.8 2.0%
21.8 + 1.5°° relative humidity:- 61.5 % 1.

!

| 1
RXPT. STOMACH- DUODENUM- TLEUM- LARGE INTESTINE
AORTA __ AORTA ORTA ORT.
| NOS. WARM COOL WARM | COOL l WARNM COOL | WARM COOL m
1 0.28 0.55 0.6, 0.73 0.56 0.66
T B m
r z ﬂng | D.Ej D-}E E-J_t.z 0.21 D_.}_E & -
0 0.55 0,50 | 0.6 0,35 | 0.57 0.01
b 0,3, 0.38 0.52 l 0,61 0,27 0.43 0.
5 0,19 Ju.:.,? 0,2 0,50 00,39 0.56 0.30 I O.48 | -0.22
L 3 T .41 10,55 | 0.40 | 005 n.zs_l O.1 | 0.2 0 0,0
71 : : 0.65 0.61 0.72 0.3% 0.L0 0
8 0,58 0.47 0.47 0.2 0.0 | O,
0.73 0,38 | 0.63 0.3 | 0.50 0
045 0.52 0 o8 0.28 0 0,54
0.51 0,30 | 0.32 0.40 | 0,63
e T
0.49 | 0,58 0. 0. 0. 0,48 0.12
:D-u 1011} l :uili _‘t‘ﬂ.ﬂj _*'ﬂ-ﬂﬂ iﬁnﬂa
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Absolute temporature
Before and during
"Farm® envimommt:- dry bulb tempersture = 29.2 + 1.6 relative huxtdity =

"Oool® enviomment:- dry bulb temperature = 21.8 + 1.5

the 2nd hour of eavimamental oocol

rolative husidity 51.;!

distribution along the Gastro intestinal tract of the d0g, =

3 137.3(
| !.J_..' N
a i "

AORTA STOMACH DUODENUN TLEDN TARGE . |
: : ! DTESTING
COOL | WARM | COOL | WARM |[COOL | WARM | COOL | WARM ]mm _ﬂ__ 2
36.48| 37.21 | 36.76| 37.76 | 37.12 |37.94 F 37.04 37.87
35.7 | 36.20 | 35.96| 36.83 | 36.12 [36.62 | 35.95 36.52 | 9%
3 31.87| 31.98 | 32,19 32.53 | 32.37 |32.61 | 32.22]| 32.55 '
A J_}&-Eﬂ‘_jh-ﬂﬂ 55.5u. 3447 | 33.72 370 | 33.47| 3u.52 |
5 32.54| 33.00 | 32.73| 33..8 | 32.96 [33.51 | 32.93| 33.57 | 32.8 |33.49
6 35.7% | 36.38 | 36.15| 36.93 | 36.14 |36.83 | 35.99| 36.79 | 35.99 [36.63
7 31-}1q_31-55 . 51-59q 32.25 | 31.92 [32.51 | 31.92| 32.58 | 31.61 Jéjéﬁ
8 .‘55-20.36-4219 35.36| 36.32 | 35.70 |36.77 | 35.67| 36.56 | 35.4 .SGM
5 [ 3548] 36.21 | 35.6] 369 | 36.00 [36.5 35.86| 36.8, | 35.78 367
55.74| 36.38 | 36.08| 36.86 | 36.23 |36.83 | 36.26| 36.84 | 36.02 |26.81
T $ 3
’m 35.06| 35.20 | 35.49| 36.77 | 35.43 |26.72 [iﬁ.}sriﬁ.ﬁz 35.46 |36.83 m

L
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L2

d I The 1leun showed a gradual riss from its pre-cooling value to

f @ new post-cooling valus. The rise smounting to about 0.16%C took
‘about 100 minutes for completion and was significant (t=1.9808),
The large intestine too showed n marked rise in the temperature
| differentials batween it and the morta. The rise of about 0.19%
too was quite significant (t=5.016).
There was & slight alteration in the pattern of distribution
of the organ-sorta temperasture dilferentials following cooling. The
stomach, which was initially cooler (han both the dusdenus and the
ileun, bocase hotter than tho ileux and the temperature differential
betwsen it and the duodenus fell fram 0.21°C in the pre-cosling
oondition to 0.12%C in the )03t cooling condition. There was also
& reduction in the difference between the large intestinal tenpera ture
and that of tho duodenum after ccoling, The difference foll Crom
ﬂ-ﬁﬁﬂ to 0.10°% after cooling.
Hepatic Fortsl Vein |

¥ig 16 shows the courss of the reaotion of the organ - sorta

o second hour of eooling. Zable (b) on the other %
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The response of the organ-aorta tempersture differ-

entiala of the liver and itas nspociated vonsels to

environmental cooling. Thlek horizontal line marks
the period of cocling.
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| ll:lf the 1iver and its ssooiated "I'l_‘liﬂll'-
15 16 s & gradusl rise in the porisl wenous blood-aorta
h';d.u- diﬂm:thil from the pre-cooling valuo to & oow post =

&nﬂu ‘llllll- ‘The difference between the mean pre=occling and post

iﬂ-nltﬂ valuos was 0,10°C and it was found significant st the 5%

}!_HI (t+2.869). 1t ia noteworthy howover that the rize in the
rnaﬁ:l voin-aorts tespersture differential was less than in any

ﬁl'ilh regiona of the pastro—intestinal trsct. Splenic vein ligation

_ﬂ.g_ not significantly alter response (Seke 7ig 18, Tabdles 4(s) and
4(b) .
Liver
: Pig 16 shows the response of the liver—acrtas tezperature diffo-

rontials to environpenial cooling. There wne o rise of 0.10% ¢

1]:‘ p;r!uaﬁling lovel Lo the post-cooling level (as seen in Table }{"h}.

Thisiwas signifioant at the 5% level (t=4,741). Bplenic vein 1igation
i

t alter tha response sigrnificantly. Seo I'ig 18, Tablos ka

was sisdlar to that of the portal vein, Pig 16 shows the

increase in the tesmpersture differentisl of the hepatio vein-
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ABsolute tesperatures measured in the liver mnd its assc-lated vessels -
before and during the 2nd hour of envirrmmentsl cooling.
"Warn" envifomsent; dry bulb = 29

1.69¢ relative bunidity = + 2.0%
1.5°° relative hunlldty = 61.5 1.8%

PORT VEDI LIVER
COOL wme | oo
) 3648 | 5728 | 6.6 | 3748 | 36.85 | 37.70
2 35 Th : 36.38 35.91 35,69 36.13 36.84
| 3 35.06 36.20 ' 35.23 3645 3544 36.66
L 21,87 | 31.98 | 32.05 | 32:20 | 32.22 | 32.5%
5 33.20 | 34.09 33,37 | 3.3 33455 3,53
b 32.5, 33,01 1 32,74 33.38 32.92 33.50
7 35 Th 36.38 36 ., 36,12 | 36.86 36.15
8 31.3 31.56 51554 52.16 .79 | 32.41
9 35.20 | 36.09 35.36 3637 35.68 36.69
I 10 35.48 : 36.20- | 35.71 | 3655 | 35.91 | 36.72
TV |
;
WEAR .26 | s | a7 | 3525 | 3466 | smas
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"Warm" envinmment:- Dry bulb temperature = 29.2 + 1.

oolings
relative

"Cool" enviromment:- Dry bulb temperature = 21.8 + 1.5°° rslative

Organ - aorta "temperaturs differentisl® measursd in the 1!ver and 1ts s
vessela before and during the 2nd hour of -nmnhﬂ

1

S et

:-::TI:E-'.I- - .:l..'
S L

humidity = O1l.3 % l.&

AR T

L

——=
ooy, B S

———— -

mHl HEP. PORT. VEDN-AORTA | LIVER - acmh | HEP. VEIN-AORTA
NOS. WARY COOL WARN cOOL WARM
1 0.16 0.27 | 0.37 # 0.49 0.26 0 -
2 0,17 0.3 [ 0.39 | O.L6 | 0.27
3| e 0.25 0.38 | 046 0.32
L 0.18 0.22 0.35 0.55 0.29
5 0.17 0.25 [ o.35 0.l 0,35
5 0.20 037 0.%8 (o A 0.39
7 [ o0 0.54 0.38 048 Oul42
g 0.23 0.30 0.48 0.55 0.25
9 0.16 .28 I 048 | 0.60 | 0.2
10 0.23 0.3 043 0.51 0.32
MEAN 0.21 0.31 040 | 0.50 0.31
s.D. +0.07 T +0.09 [ 0.0 40,05 | +0.06
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Abaclute temperatures seasursd in the liver and its associated ﬂqﬁ'.l,'l.'
the 2nd hour of envircamental ocooling — post splen‘c vein ligation. |
69° reldtive hualdity = 72.8 3 2,08
% relative htmidity = 61,53 14

- -

mnd

"Yarm" envirmmment dry bulb temporuture = 29.2 + 1.
"Gool" envimmment dry bulb tespersture = 21,80 + 1.5

-m -u_. '-._-

'--,fr:
= = A T

_I

EXP?. AORTA HEP,PORT VEIN \
NO3. wARM | coor wme | coar AN
1 3639 | | 37.12 36.56 | 37.51 %.65
2 | 35 7% 36.38 ,55.3?j 36.72 35.96
3 37.11 37.66 57,29 | 37.92 37.59
i 31,87 32.04 320 | 32.37 32.25
5 | ssn 36.20 35.28 | 36.55 35.37
5 . 37.70 38.50 37.90 ] 38.89 38.08
L 7 3,10 35.26 o290 | 35.5% 332
8 36 .20 37.12 3630 37.36 3643
9 38.16 38.73 38.51 39.06 38.54
10 3539 36,12 35.73 | 36459 35.69
wmay | 35.79 26.51 }ﬁ.ml 36.89 36.09
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and its lllﬂﬂiltiﬂ.fﬂplillgﬁ birhru and during the 2nd hour

of envitoomental cooling post splenic vein ligation.

. "Nerm" envircoment:- dry bulb temperature = 29.2 ¢ 1. 679
relative humidity = 72.8 + 2.0

"Cool® envibrpment:- dry bulb temporature = Z1.8 + 1.5%°
relative hualdity = 61.5 + 1.8%

HEP. PORT VEDN - AORTA l - ACRTA _I
WARM COOL I 0OOL
0.39 n 0,26 0.33
I 0.3 | 0.22 0.31
0.26 0.48 0.5
—
0.35% 0.38 045
- =i 4
0.35 0.26 0.30
037 0.38 0.49
0.28 0.22 0.30
: 1
0.2, 0.2} 0.29
0.33 0.38 0.59
047 0.30 0.39
L ! i
0, : A
| % 0.3 0.40
40,06 40.08 |01 J
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It is well kmown that spontanecus centractiocn of smooth muscle
ooours in the Gﬁi%l:#ﬂﬂtﬂﬁ* This spontansous con~ructicn
cay be Fﬂﬂrﬂ&’@#iﬂ?mﬂlh”ﬁﬂﬂn;hm i 18 cartainly known to
be influenced ‘brnﬂﬂﬂl and humoral factors. Texter (1963) atated

that the automatic action of the mooth munscles of the gut La modified
by the influence of both the intrinsic and extrinsic nerve plexs,
found in the walla of the gastro intestinal tract.

Acetylcholine ip imown to be continuously produced ond releoased
in the wall of fhe gastro intsstinal (reot. Although the relessze
oould be indepondont of the nerwvoua activities of the extrinslo nerves
of the g.i.t, yet its production has been attributed to the intrasural
ganglion cells in the plexu of Auerbach and Meissmer. (Dikshit 1933).
Le Houx (1916-1919) sed Magnus (1920) noted & constant produotion of
choline from the wall of the intestine and oxpreossed the views that
this release iz mainly for motor motivitios. This could either be
those of the mmouth muscles of the gut wall or of tho villi (Besznak
1936). There &re other funotions whioh the released acotycholine
could serve, secretion beinz ons of thea.

Sato (1935) reported increased gasiric motility on subjecting
retdis to cold I@l:lll- This was also obsorved in Kuman subjects
by Blagard and Nye (19!..0} who atiributed it to a primary increase in

m‘ rio aold seoretion. Whatever the meohanisa bringing this about,
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ty is omo of the
jepted that F sreased motility = weil

Jd account rnr li-in in an&'..u tempe-

mechaniszy lﬂ tomperature distribution in the core mn, iz not yet
well ostablished. It was therofore intonded to study the effect of
‘the blocknde a}:r thase cholinergio mechanissa on both the sbsolute
tempersture distribution and the levels, ss well as the plt.tum of

distribution of the organ-sorts tempersture differentials, in the

core area of the dogs.

Parazympathectoay was carried out in two main mays in the pre-
sent series. This first wmms & pharmocologic prragympatheotosy using
atropine sulphate, while ths seoond was by vagotomy.

It 1a & wll kmown fact that atropine inhibita intestinal
motility (Youmans et al 1943). It does this by reducing if not
blocking completely, by & process of surmountable mntegoniss the effeot
of tha released ncetylcholine in the wall of the gastro intestinal
tract(Innes and Nickerson 19654, In these experiments, atropine
sulphate was injected in doses of 1ng./kg. body weight intravenously.

%ﬁm; w25 administered one hour after the organ-sorta temperature

;liﬂt:uth::fs in zopt of the regions of the gastro intestinal tract
I:I llhhﬂiloﬂ. in the warm environment.

ﬁ first notiocesble reaction of the drug was om the blood
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ATURE DIFFERENTIALS IN DEGREE CENTIGRADE

4

; , kel & ooan

The effect or ttropm. sulphate

the mean or
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TEMPERATURE DFFERENTIALS
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—sorta temperature
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B Doy e Lm0 UG T

8 _dnjection of airopling

IR AT T
i ®

e W :
5‘-| EMMI# various rogions of the gastro intestinal trapt.

~ Table 5(b) and Pig 21 give the corresponding veluss of orgen-sorta
.t -

;muntm differentials of these regioms one hour before and after
| two hours of atropine sulphate adainistration. Fig 20 sboms the
typlosl oocurse of the response of the orgun-aorts temporature diffe-
rentials of tho g.l.t. to the injection mesn of 8 exporiments).
From £ig 20 it can bo pdon that the stomsch-aorta temperature
: differentials fell slgnificantly during the first L0 minates af'ter
) the injection of the drug. ACfter another fourty minutes, there wes
": 8 recovery towards the pre-injection level. The now velues attained
_I-ﬁl only sbout 0.03°C lower than the pre-injection value. This
;Hﬁl_ﬂ'_l_ﬁnu 18 not ptatistically signifiocant (P= 0.6).
| The ducdents displeyed the most pronounced fall of all the
;;!’é;_iqu of the gastro intestinal tract. This lasted about 1 hour.
- There was oo@e Teoovary towrds the pre-injection valus after about

»
_J two lours of the injection. Tho reduction of abdut 0.08%C froz the

pre=ixfection value was found statistically significant. It was the
el ' _
greatest roduction suffered by sny part of the gestro intestinal trect.

The iloum showed o fall in t{he velue of its temporature diffore-
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' Absolute temperature distribution along the gastro intestinal trect bafore and &
after the intravenows injection of (lmg/kg body weight) atropins sulphate. _~
"War=" envircoment:- dry bulb temperature = 29.2 ¢ 1.6%° relaiive humidity = 72.0 -

SPOMACH | DUOCDEIE TLE0

_TIER

POST

e
AT

ATHR

WARN

WAEN

tFost | Pz

IPoor

ATR
AT

%-12

Sy 49

.40

3561

3 .83

5713

37.21

37.63

3739

37.86

35.55

35-33W_

35 .80

3%.08

36.15

34 .60

54 .19

3483

" Y

35.05

35 .04

39.33

28.03

391

}'n -i'l:-:..

LO.CL

4,0.10

3t.2

37.07

37405

37463

2017

37.80

57.63

3.22

3734

r

3762

I0TT

—y

37Tk

2125

37.61

i~ WMl =

1

el

a2

520

‘ jl'i 1?5

3920

35.28

3% .58

3 .26

35461

.65

35.53

3«56

!
34,98

35 &7

37.87

36.208

38.13

37406

38.27

37.32

3841

36,93

I = w

3k.26

35459

o5

3574

e lly

E’Sf?g

i

34 .68

g

36.02

3643

36.16

36.52

36.2,

36.62

35495

-k
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E
__-r = -_—---_. =%
Organ - sorta tespe

before and 2 hours after the intruyengus injfeotion of {1m:
sulphate.

"Farm® envufoomeat:~ Dry bulb temparature = 29.2 + S e

rature difPerentials measured along the sastro.d

relative ihiﬂta' - 78 ﬂ

-
T

STOMAGH— DU ODES (- TIs0- [T TAscE I BCTU
AORTA AORTA AONTA I ADR
PRE | POST PIE BOST PRE | FOor | Pme | POST
A'Ro- | A*ro- | ATRO-| ATRO- | ATRO- | ATRO-| ATRO- | ATBO-
PpnE | PoiE poiz | pom PNE | Poz | PO | PDiE |
0.53 | O4B | 0485 0.65 O«7h | OuT2 [ 0.20 | 0.2k
2 0.52 | 0.50 0.70 | 0.67 0.0, 10,73 | 0.25 [0.29 ]
1 3 0.2, | 0.25 0.49 | 0.30 0.5 0.23 | 0.32
% 0.25 | 0.23 0.48 | 0.3 047 0.%0 | 0.29 ]
_5' ID'I--E'J. ﬂ._ﬁ-ﬁ ﬂlﬂ Gin UlEE_L ﬂ' ﬂ ' 159 'n=l§'_5
4 0.65 | 0.58 u.‘.ré_[ 0.73 [ 0.51 | O, 0.5% | 0.51
7 [ 0.51 | 0.4 0.50 | O.40 0.64 | O. ,rﬁ_L 0.50 | 0.55
0.62 | O.57 L_"ZE""D. 07 0.09 | 0.55 | O.48 | 0.57
9 F 0.55 | 0.39 0.57 U.30 0.70 | 0.72 0.31 | 0.3%0
1 10 | 0.27 | 0.26 0.35 | 0,40 0.61 | 0.54 | 0.22 | 0.29
] 5 b 045 | 047 0.60 0 0.65 | 0.42
3 r
0.41 0.58 | 0.50 0.66 | 0,60
+0.11 [;n.lﬁ ! £0.15 | +0.09 [+0.11
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& néw stable evel. The 0.06"0 differe ‘ilhun the pre- asd post-
Ands niglnl found not to be statiatically significant
L. . .

(P =0.2-0.).

gradual although it also lasted about BO =minutes. The 0.01°% aitfe-
rence betwoen the pre-injection and the post-injection values wes

| 8180 mot significant at the % level (P = 0.8).

I The rectum did not show marked zigna of response to atropine

| administration, The rectim-aorta tezperature differential was

| howsver roduced by 0.02°C and this wss also not found statistically

$|[ significant.
\

B. Rosponoe ta__unvlrnmntnl cooling after atropine sulphate

After obtaining constant organ-sorta temperature dirferentiala

in most of the reglons of the gastro intestinal truot, the environment
¥as ccoled,
| Pig 22 shows Lhe typical resotion of various regions of the

gastro Intestinal tract to environmental cooling after atropine

sulphato (mean of 8 exporiments). Table 7(a) gives valuss of the

thﬁlh’_g_o temperatures of various regions of the gastro intoatinal

tract during the last hour before and the second hour of environmental
ing post-atropine. Teble 7(b) mnd Pig 23 on the other hand

o oorrespanding values of organ-sorta temperature differentials,
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W, enviio ., hm

)
[
rﬂ.

-

) on ﬂllt‘t‘llpﬁlul of the gastro intestinal tnut h ’1'
l

| -;h Eﬁ%ﬂ that the stomach displayed the highezt rezponza to
mtgm-'hhl uu&iin.; Gastrio-sorta temperature di{fferentials rose

| I lﬂpr & latent period of sbout 20 minutes to » new post-cooling value,
ihiﬂl waa O, 23 c higher than the pre-cooling value. This difference

4 fl significant statistically (P =0.01).

‘ The duodenum gave a slight response to envirommental ocooling,

~ although the reosponse started much carlier than in the stomach. At

'1 the end of tl:i_ rise, the post cocling value of the duodenum-aorta

‘1 fesperature differentials was about D.ES“E higher than the pre-cooling
| 'nlﬁ. This obange was not significent at tho 5% level.

Thes 1loum map rmore reactive to environmental coaling than the

Mm, its responss started carlier and the differential was even

ithi | sing at the snd of 2 hours. Yhe mean poat cooling value was

: thm the vre-cooling value by 0.09°C., Thia difference ia

nif mt (P = 0.05-0.02),

lﬁ-;i 1ntutinn too wns quite reactive, It nnpmiﬁd a.ﬂ.lr

' rotus too rescted noticeably to environsontal cocling, It

ol
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mm' l‘lllﬁll-tl .

"¥ar=" envircoment:- Dry bulb temperature = 29.2 ¢ 1.8

The effoct of envircomental cooling on the ahsolute tewp
gaatro intestinal tract after an intravencus injection of’

¥Cool” enviomment dry bullb temperature = Z1.0 & 1.5

(1zg/kg body
%9 nalative humidity 74
Ralative humidity 61.5 = 1.(W

bution aloag

LR e
i 1 I

; IB'-_ e = 'r i
i ; Eu S ¥ 1

AGITA [ STOMACH DUODENUM | IL¥UE LARGE INTES-
Nos. [ PosT | PosT |POST [POST |POST |POST |POST [POST | POST
I AR | ArR  |ATR |ATR JATR _|ATR _JATR JATR |ATR | ATR
WARN | COOL |wamM [COOL |WARM |COQL |WARM |COOL |WARM
r—l | N.A2 }3-9315&;.55.5&.65 3o 77 | 3480 §34..83] 3a85 | 236 | 3o Shs
] 2 l_,s?.l,':. 36.88 | 37.63|37.70 |37.80 |37.61 }?.5515?.59 37.42
I 3 155.55 36.39 |35.90|36.88 35.55“55.63 36.15| 57.05 | 35.07
[4. [ 34,50 | 34456 |34.83|3%.95 |35.05 ch.!ﬂf-ﬂu 35.04| 3,.98 | 34.89
! 2 | 39:33 | LD.26 |39.71|40.84 th.l:r_ &0 .76 :;a.in.w.ﬂ.l}ﬂ.?z Bl
6 37.07 | 36.51 |37.63|37.04 |37.80 |37.07 |37.63|37.2, 5?.5&]}?.05_
7 3734 | 37418 |37.77135.04 |37.7 | 37496 | 37.93| 37.99 :?«-EEJ}?-E
] 8 o735 | .38 | 35,200 35.16 |35.20 .}:“21 35.28) 34.97 | 35.10 | 34.89
T_a 326 | 32.19 (34.56]32.9% |34.56 32.5;}&.95 32.86 | 34.56 ‘_jz.aul
10 37.87 | 57.3% |30.13|38.13 |38.27 |37.86 |38.41] 38.10 |34.55 | 37.95
I_J-l 3.26 | 32.17 |134.73132.75 |3.Th | 32.50 | 34.68§32.97
| |
EIIH :.s.nz. 35.62 }S.M.jﬂ.z? 35.52;55.1? 56.52_.
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. The tﬂ"nt of envirvomental cooling on the organ - sorta tespornture ¢
dlstribution along the gestwo intostinal trmot after intravenous maqm.tu.

(1mg/kz body weight) atropine sulphate. e

"Far=" envitooment:- dry bull tesperature = 29.2 + l. ity =
"Cool® envirpament:~ dry bulb tempersture = 21.8 ¥ iiﬁ“ relative ity =
BXPT. | STOMACE-AORTA| DUODENUM-AORTA | ILSUN-AORTA LARGE INTES-
)| . 2INE AGRTA
wos. |mame | coor | wmame | ecoor | wamu| coor | wamy | coan

1F t

M‘EL 0.70 0.75 0.82 0.71| 0.87 0.2 | 0.36
0.50 Q.82 0.57 0.73 0.75] 0.0l 0.39 0.38
ln.zﬁ 0.49 0.30 0.2 n.;:r.! 0.66 0.29 | 0.32
0.25 | 0.37] ¢c.30 ! o0.28 | o.60] oz | 0.32 | ouo
0.47 0.58 0.4L8 0.50 0,421 045

= ' ‘—

0.23 0.53 N, 0.56 O] 073 0.29 | 0.5,

o.48 | 0.8 | 0.7 0.78 o.77| 0.8 0.49 | 0.6
056 | 0.72 | o0.73 | o.8% 0.56| 0.59 0.0 | 0.51

CWia|lw|lalw]l+r]|lw]lnlr-

0.53 0.75 0 .40 0.47 059 0.67 0.55 | 0.6
10 0.57 n.ng 047 0.52 0.55] 0.77 0.37 | 0,61

11 0.29 n.ss[ 0.30 0.53 n.?ELﬂ.m 0.% | ¢.38
MBAN 042 c.ﬁ_ﬁl 0.50 0.55 0.60) 0.69 0.37 | 0.49

—

STANDARD
DEVIATION+0.13 10.15[3_13.13 0.1 | 0.111s0.24 | 40,09 |s0.12

! L =
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mm‘. rh $cally signiftcsnt (P = 0.02).
From table B, it cen be seen that the mot effect of the drug ;
\was & reduction dn the response of the duodenum, ilews, isrge intes=

‘tine and roctu= to environmental cooling. It appears homever that
the response of the stoZach to environmental codling mms enchanced.

gmﬂn Portal ng
A. Eme to the inh etion of atrop’ne sulohstes in the marm
environsent,

Pig 2, shows the typloal oocurme of the reaction of the urﬂn-iurﬁ
temporature difforentisle of the liver snd associated vessels to, the
injeotion of atropine sulphate (mean of B experiments). Table 6(a)

I givea figures of the absolule lemperstures of the liver and azsociated
vessols during the hour before ‘and immediately after the second hour
of the injection of atropime sulphate. Table 6(b) and Pig 25 give

tho valuos of the corresponding temperature differentialn,

Pig 25 shows that there was no marked change in the wvalue of

the portal vein-aorta temperaturs differential on the injeotion of

atropine sulphate. The difference of 0,01°C between the pre-injeetion
:ml.-.t'& purh-in.jlutiun values Is not significant at the 5% level.

'_ .mwm mnu after atropine sulphate (ww -
erinen ;}u !m- B(i} gmn valuss of sbgolute temperatures o “__ i
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"Tars" enbooment = 29.2 + 1.

- - .ﬁlﬂlut- temporntures seasured in the liver and its umuhtad]ﬂ_n

2 houra after the Intravesous injection of (l=g/kg body weight) a
69°. Relative humidity 72.8 + 2.0%

" HEP. PORT. VEIN LIVER
PiE POST PEB | PUST
ATR ATR ATR ATR

WARM | WARM AR WARM

1 33.96 el 3,20 | 34.37 LN | 3 L

2 35 .69 37.13 35,93 | 37.52 36,92/ | 7.5

j %‘59 }5 -5‘5’ }Fr -5_3 35153 514- -?2 55 i55

* & .I 33,94 2, .60 .51 N .9% 2%.58 35.10

5 37.62 |  39.33% 38.03 | 39.67 37.86 | 39.60

& 36.39 37.07 36,62 | 37.3%0 36.78 3743

7 57.11 37.34 37-34 | 37.55 37.41 | 37.62

8 ][ 3«10 3573 .28 | 34.92 347 | 35.04

9 35.16 N, .26 3548 | 34.54 35.62| .72

10 16.71 37.87 37.07.| 38.20 37.10 | 38.25
ML 3565 | 3.2 |  35.92| 36.48 35.99 | 36.55 35.95 | 36.52
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b - In_
Organ - aorta temperature differentials measured
vogsels before and 2 hours after the intruvenous
stroplne sulphate.

""l'l.rl" snvitooment:~ Dry bulb temparature 29.2 + 1.6

in the liver and its nn::uﬂﬂ. .
injection of (lug/kg body weight)

°° Relstive humidity 72.8 » -&}.-;;

l EXPT. HEP. PORT. VEDI- LIVER- HEP, VEIN -
AORTA AORTA
1 Sos PHE ATH, POST ATH. PRE ATR.,| POS® AIR. PRE ATR.
L : WARM WARY WARY WARN WARM
x. 0.24 0.25 0.25 0.32 0.45
] 2. 0.24 0.39 0.23 0.32 0.20
- 4
3, L 0.3, 0.28 0.33 T 10.30 0.28
5. 0.35 0.33 0.62 0.50 0.38
5- ﬂ-h-l ﬂ.ﬁp Vel Q-E? U.jh.
6. 0.23% 0.23 0.39 0436 0.27
7 0.23 0.21 0430 0.28 0.26
8. 0.18 0,19 0.37 0.31 0.3
g, 0.32 0.28 0.46 0.45 0.38
10. 0.36 0.33 0.39 0.38 0.33
= I
MEAY 0.29 0.28 0.36 0.35 0.32
STANDARD
IEVIATIR +0.07 +0.06 +0.31 J, +0.07 +0.07
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N
ir before cooling asd 2 hours

soldng. Table 9(b) and Fig 27 give values
A
a temperature ﬂﬂlﬂnﬂﬂumi

: . 'ﬁﬂn- Table 10 compsres the changes in ths organ-morta
wn’&mr ‘erentials in response to lnvirumnm :molins in
the méol experimant with the post atropine series.

Tig 26 domonstrates the reaction of the portal vein to environ-
; mental cooling, There was & rige of about 0.07°C in the valuo of
,! the portal ﬂ!.E-urt; tomperature difforentinl from the pre-cooling

o the post cooling value. This rise wus significant (P = 0.05 - 0.02).
r Table 10 shows that the portal venous responze to environmental
; oooling was alightly reduced by atropine sulphate,
Liver

Ae DRosponse to the injection of atrovine sulphats in the warms
Suvironmsst.

|
There wed & marked but gradual fall in the value of the liver-

:ﬂ'

I sorta temperature differential on the injection of wtropine (See

‘, fig 2). The fall whioh lasted about B0 minuten, was followed by a
B reaavary whion brought the post injection value oloss to the pru-

__hjiﬂt!m cme. The difforence betweon the prv and the post
injostion valtes was 0,01%, which'ds nok significant (e fig 25).

g cooling after atropine n

of the liver I'.u snvircnzental oooling a.t‘tur ,

_I‘ ' a .
mnnlll:[luﬁc ﬁ)- There was ﬁfﬁﬂ'ﬂf |
ﬁ By AL g =
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atropine

.1

sulphate.,
"Mara® envibvamenti- 4ry bulb temperature = 29,2

Telative hunidity = 72.0 » 2.0%
*Cool" eavivmmenti- dry bulb temperature » 21.8 ¢ 1.7,

relative humidity =

HEP. POXT LIVER -
s

s 61,5 « 1.80

e AlbtereatiaTs  daLEECL TR T 1

AORTA

@ organ - aorta 'tlm-ﬂ.
1 :um and {ts sasooidted
tnmll = aftor intravenous Mnﬂn of (1lmg/kg body qateht)

T o
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co | wamr | coL Im_l coot

| 3 c.% | 0.3 0.3 | 0.% 0.25 | 0.3
"2 |oax | ous | o7 ] 0.3 0.% | 0.1 |

3 o33 | o038 | Lc.52+ 0.54 048 | 0.58

L In.;n 041 | 0.3k | 045 0.4 | 043

5 0.357 | 0.3 0.35 | 0.36 0.27 | '0.36

6 oz |l 0.3 | 02| 0w 0.52 | 0.57

7 0.2 | 0.3 0.32 | 0.38 0.39 | 0.48

8 0,75 C.3% 0.5 | 0.5 0.3 n.ys_

_ 0.23 0.25 | 0.50 | 0.55 0.35 | 0.8

m 0.2 | 0.3 | 0.2 0.3 [ o.2 [ 0.33

. | W

0.3% 0.3 | O 0.3 | 0.43

lomviarte ﬂm +0.09 | s0.08 +0.10 | +0.08
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llmilhl vossels in rosponse to envitonmental cooling, in.
as w1l after atropine - sulphate

! oxperiment
(hy'u bua;r weight given i.v.)

= o ot v ——
HEPATIC LIVER HEPATIC
PORTAL VEIN.
| VEIN
CONTROL + 0.10 + 0.10 + 0.4

!
SULPHATE + 0.07 + 0.05 + 0.09
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{fferentisl was 0.05°C higher than the pre-cooling velue. Teis =3

-

found not w‘hﬁmﬂ; ' Table 10 shows that the resscnss off

séministration. | ad
A to ¢ intec o g sulphate in the wa

~ Prom fig 22, it can be seon that the hepatic veln-aorta temp-
erature differential only msponded to atropine injectlon by becoming
more oscillatory than ever. After two tiours of the injection, the
difference betwoen the pre mud the pont Injection valuns was ébout
Diﬂnb'. which was not siznilficant.

B. Response to environmental cocling after atropine smulphate.

Tho hepatiec veln-aorte tesmperature differential was cbserved
to lnoresse with envircamontal cooling after atropine. The rise of
about 0,09°C wus found to be zignificant (P = 0.05). Table 40
howsover shows 1t was as lightly reduced response Lo environmental
1 oooling.
II Yapotomy
©  Wien Blagard end Mye (1940) observed increased motor sctivities
‘of Los atomach on 8xposing the body to cold stress, they relt it
rss secondary to an incressed production of gastrio weid in response
jod higtamine (Horton and Bromn 1932). In his attempt to

o UER Ses W 0 _—
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x pokiriting o
e stomsch on b *n.,l_'_.. | showsd that the Tosction

m roversed after mtnlur. Ho did not, howsicr, ubtain
| this reversal after the division of the coelisc and supe rior mepen-

. i.

i!rln MHLHH 85 af'isr spinal transsotion. Instesd what was
obtained on body chilling a3 uu-.m s hwrnuﬁ motor nutiﬂt:lln
or no effect at all rnpnutlﬂly. T‘hun the vagus norve wmo implica-
ted in the inoreased motor aotivitics of the gut, in response to
body ohilling.

There is yot no gonersl sgresment on the rols of the vagus nerves
in tho detormination of the levels of temporatures, in tho gastro
itostinal tract. Tacheschtow (1902) and Frousd (1913) obszorvod
&n increaso in rectal teuserature after vagotomy. Caocioppo &
Bevilotti (1946) and Cilento (1951), on the other hand, reported
that vagotomy led to hypother=ia in pigeons,

It was therefore daolded to study the effect of vagotomy on
the pattern of distcibution of both the sbsolute tempomtures and
organ-aorta temporature differentials, in the "core mrea* of Lthe dog

in the warm cnvironment as well as during body ohilling.

Yagotooy iu“?umm out 45 dosoribed earlier (seo pare 39)

| A effect of uirriul yagotosyy on the temperature distrib )
Py H -

ﬂlrrinll..m . carried out after recording a oonstant
Sorta tempersture differential for sbout 1 hour, 4n mont of

fions of the gastro-intestinal treot gnad the liver, in tie k.i
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Mfrih:rﬂnt l:ml ths tesporature differentisls betwesn verious
umnﬂiin gastro intestinal truct and the sorta. J

There was an {mmediste rise in the velue of the stomach-sorts
temperature differontials when the vagl wore scotioned. This risze
Jagted 50 minutes before it started to reduce tosarda the pru-sect-
loning value. .

The rise in the duodenum-aorts temperature differential was
rapid and was,in feot,pore than the rise in any other reglon of the
gastro-intestinal tract. It also lasted about 50 minutes and was
later folloped by a fall to the pre seotioning valus.

The Lleum did Ho! reac® as well s eitier the duodenum or fhe
stomach. It rose but the rise was delayed and slight.

The large intestine was also not munh sf'fected by esarvionl

vagotomy. The rise was very gradual and did not atiow tho subsequent
characteristic full peon in the others.

!'hnfg n!?ncr:t much change in the reotum-sorta tempersture
differential during the first L0 minutes. This "latent poriod" wun

t_gg stozach m 'ih duodonum,
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Thare was & mﬁi‘l.ﬂ_u E: the valus of liver-aorts tom ersture j

differential aftes sectisning the vagl (See fig 29). This rise was
= 4

howaver oot parked.

On the other hand, the hepatlic vein-sorta temperature differ-
entials rose quite mariedly after seotioning the vegi.

B  Ths response of the core ares to environmental cooling sail'ter
abdoainal vagotomy

The procaesa of abdocinal wvagotomy has already beon deporibed
(800 page 39). Environsental cooling did fot commence until after
obtaining steady organ-soris tsoperature differentianls in most of

the reglons of the gastro - Intestinegl truot for upwards of {1 hour,

The gastro intestinal tragt.

Fig 30 ﬁnlnl;;hﬂ: the reaction.of the organ=aorta temperature
differentials of the gastro intestinal traot to environmental cooling
after vagotomy. Table 11(a) gives the mean velues of the absolute
temperetures recordsd in the gastro intestinal tract ome hour
Befcre and after the secomd hour of cooling, while Table 14(b) and
Pig 51 give values of the corresponding organ-sorte tesperature diff-
erentials m:tﬁhl same periods.

% ltg-uhﬂ:ﬂ. the rectuz were the most rogponsive of the
" Lhe m hhiﬂ#l tract, to environsental cocling .

-
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‘@uring the first A0 minutes of cooling. Thereafter, 15 begun to

rise. The pu'it pooling atable level wns 0.07°C less than the mean
tempersture differsotial of the pro-ocoling condition. The redustion
in the value was signiricant (P = 0.05).

The ileum rescted Like the Huodenum 11 that 1ts texparature
with roflerence to the aorta fell during the first LO minutes of
oooling. It recovered toa, stabilizing st a levol 0.01°C less then
the pre-cooling valus.

The large infestine on Lie olher hand rvsponded with a gradual
rise., The difference butwoen the =ean values of the pre and the
(post-cooling large Intestine-sorts temperature differentials was
jﬂipl_.nq. This {s just aignificant (P = 0.05).

rﬁu rectun-aorta fesperature differential rose during environ-
-“?i, uuniin;. The difference between the pro and the post cooling
*j_‘ﬂ'uﬂ sz 0.18%C, which was quite aignificant.
i 1}_;.1:1. 12, shows the ofleot of vagotomy on the responsze of the
vardous regions of the ghstro intestinal tract to environmontal
{) I-i shows that there wes a marked reduotion in the response

™ ﬂ“- and lerge intestine, while, the response of the stomach
s wors enbancods XI5, AR ERAMIS.RE At duodenun was actundly




"0ool" envitvnmant dry bulb tesmperature = 1.8 % 1.5°

h rolative husddity =72.8
® relatize humidity = 61.5 &

ST OMACH

DUQIENUNM

WA

COOL

WARM

foat. |

55.02

B 80

3513

3 .69

3649

36.66

57.02

36.48

36.08

36.91

36,76

3704

36 466

}E lm-

3.07

3676

3605

{36.51

36 .09

36.L3

5677

36.62

36.69

36435

3287

e 20

3350

BMeokih

33«32

3 .38

33.09

55« 7k

36463

35.89

36.37

}6-rﬂ

- F =
55 e03

3715

'
36435

}5'9? 55-“

2%

36436

35.26

36.36 | 36.45

35.08

36.28

36.01

253

55.48

h35-51 35456

35«3

36.08

36.05

5.87

36.14

. The effect of envitonmemtsl cooling oo the sbsolute temporsture distribution alom,
gastro - intestinal tract after abdominal vagotomy
*Harz" envitooment dry bulb tezperatures 29.2 + 1. E

r. -

- "‘r .L
1--|--‘.r'-.- r I i

36.20
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The -n‘ut of enviconmental cooling on the "organ - sorta""tesperaturs different
distribution along the gastro intestinal tract - lﬁl&lﬁﬂm W

"Tarz" eavitomment - dry bulb tempersture = 29.2 ¢ 1.6
"Cool" envkwmmment - dry bulb temperature = 21.8 + 1. 5°°

=

| B
. -.!'."".-L .
....i

i

S "

relative htﬂiihr - 2.8
rolotive ht.lﬂity ﬂ-ﬁ "q? .,,

EXPT. I'BTQHLE!I-LDEI. 'mmum ILEUN-AORTA | LARCE INTRST-
IS ACTTA
NOS. WARM | COOL | WARM | COOL WARM | COOL
1 042 | 0.57 ._u.az. Ol h 0.69 |
2 0.35 | 0.59 0.0 | 0.2 046
3 043 | 0.68 0.56 | 0.58 0.58
N u.L; 0.72 0.4 T 0.60 0.58
5 0.48 | 0.58 0.67 | 0.60 049
6 0.40 | 0.75 Culi7 | 0uh5 0.42
7 n.z.ﬁh 0.58 0.70 .51 0450
8 O.EEH 0.51 | 0.61 0.47 0.70
| g 0.70 | 0.83 046 I 0.40 | O.h3
| | !
MEAN n..:.E. 0.71 0.60 ] 0.53 ._n.su
+0.12 | +0.12 Tiu..u +0.10 ] +0.09
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= h - i’ A
" ‘PM of changes in the mean values of the orpan - mnh
. "tamperaturn differentisls” distributed along the rasiro -
intestinal tract, in response to envttoomental coolisg - in

the control experiment az well as after abdominal vagoSasy.

- UIﬂ?ﬂﬂ + 0D llm + u-m“n * ﬂ-lﬂnu_]
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&i “h lnl:lm;tli oooling lﬂ:lr nbdns:.tml tw Table ﬁ(l}
- l.l'nl valuoeg of thilhﬁmm u#uutunl of u:n liver and u:ndl'hd.
dnﬂn; the last hour before and t!n socond hour of environmantal
gooling, while 13(b) and Fig 33 give values of the corresponding

organ-sorta temperature differentials.
Thore was & rize in the portal wein-sorts leaper=ture differ-

ontials during environmental cooling. The post-coocling valuo was

n_ng“n higher than the pre-cooling value. Table 1L zhows that the
ropponse of the hepatioc portal wein to environmental cooling was

reduced to half by abdominsl vagotomy.

Liver and Hepatio Voln

Thore WAS NO l-uhltuhtlﬂ mpponne from ths liver on cooling

n ]
the environment after abdosinal vagotomy. The 0.02°C difference
betwean the pre=—ooccling and the post oooling valuos was not signi-

ficant. Table 1A zhows that the rosponge of the liver to environsen=

tal cooling has almost been sbolished.
The hepatio ;in-mr‘.l temperstury differentisl incressed.

I
|
|

sharply on the oomsencoment of enviroamentsl cooling. The dilference |

Eﬂnn‘ the pﬂ-—nwl!.ns md fie poat cooling valuss wWad u."l'l % which

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




00" ‘,"
2 N
.!T: & "
!:Li‘-ﬂ-13_

i
Ay A0 120 160
IIME  IN MINS —=

|
H | H LIVER H HEPATIC VE!N |

‘| HE PATIC
| @—-@ RECTUM @@ poRTAL VEIN

ia. of the organ-sorta tespernture diffor-
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TAELE 13A.

The effact of endicomental cooling on the absolute tezperatures measured in thl"l:h'l!

its sspoclated vessels aftor abdominal vagotoxy.
prature ‘= 29.2

"Warn" envirooment -

"Cool" enviiooment - ﬂn' buldb temperature = 21.8

dry bulb temp

+ 1,
+ 1.59° relative humidity = |

6°° relative humddity =

— AORTA HEP. PORT VEIN ] LIVER
NOS. : WARM l COOL WARY mA COOL | WARM
1 34,60 .23 34 .90 3453 8,90 | 34.51 | .92
2 | 36,14 J 36.07 36.30 36.31 36.49 | 36.50 | 36.a |
3 l 36.48 | 36.08 36.96 | 36.57 36.71 | 36.28 l 36.80
r -l & 35 .64 36.04 35.93 |  36.48 35.91 | 36.38 35.92
__.i l 35.95 36.09 36.22 36.47 56,29 5643 36.24
. 6 33.98 52.87 34 .30 33.29 ﬂ.JGL 33.25 34,36
7 36.35 ] 33.7% 36.98/  36.L 3498 | 36.34 36,8
B 3575 | 5.8 36.1 36.33 36.21 | 36.35 36.09
= N B0 15.08 35.91 35.52 35.85 | 35.52 | 35.90
rm 1 35.60 | 3543 35.96 | 35.75 35.97 | 35.73 ___ 35.95
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‘The effact of envitxhmental cooling on the orgsn-sorts
‘tesperature &ifferentisls seasured in the liver and itz

asgociated Yossels afier abdominal vagotomy.
*Wam" enviheguwnt dry bulb tamperatume = 29.2 + 1.6%
relative humidity = 72.8 « 2.0%
"Cool" enwivament dry bulb femperaturs = 21.5 & 1.5°°

relative humidity = 61.5 + 1.8%

HEP. FrlJR'I'. J LIVER-AORTA HEP, VEIN~-
VE-AURTA AORTA
LIAG | COCL WARM COOL WARN COOL
0.3 | 0.30 0.30 | 0.28 0.32 | 0.L3
0.356 | 0.L4 0.35 | OM43 0.30 | 0.4
0.48 | 0.49 0.25 | 0.30 0.33 | 0.4
Lﬂ._z;_ (VA S 0.27 0.5 0.28 (VRSN
0.27 | 0.38 0.2 | 0.5 0.29 | 0.3
0.32 n:;; 0.38 | 0.38 0.38 | 0.56
.40 0.53 0.50 049 0.59
0.0 0.46 | 0046 O34 | 047
et
0.54 0.37 0.4 042 0.53
0.41 0.37 | 0.39 0.35 | 0.6
40,06 | +0.09 [40.07 0,07 | 40.08
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© Bumary of ohanges in ths nmean walues of the or;an-sorts
measured in the liver and

"tempersture differentisls" -

| A hepatic vessols - in responss to envitoomental cooling inm
.' the control experiments as woll as after abdominal
viagotomy.
—_r —_— =
HEPATIC LIVER HEPATIC
PORTAL YEIN,
VEIN.
+ ﬂqlu L + 0,10 * ﬂ-l’}
+ 0.05 + 0,02 + 0.11
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with ﬂﬁﬂt-‘lﬁ the aorta, which ocours on zold

| insl muhﬂﬁm Gastraintes-
tinal ““ﬂwﬁ;ﬁnﬂ had sarlier tesn ghown to follor coll exposure
(Wolr and Welfe 4943 end Grayson 1951).

Ir thii-‘,i;;;'-_;-’_;ﬁ - umliﬁ-ﬂi"-’blnﬁh#--mht then holp to unfold
the role of vasooconstriction in the determinmation of the resting
gastro intestinsl temperatures as well s iheir response to enviran-
mental ocoling.

The pharmacological tool chosen for the present experiments wns
Brotyliun togylate. Bretyiium (darenthin; N-o-bromobenczy 1-il-ethyl-
H, N-dimethyl smsonium), is one af the congensrs of T.M. 10, or
choline 2,'6'7?1;1 ether, which was the first of the strongly basio
compounda shows to duhibit responses to mdrenergic perve stinulation,
without iupli:d.nﬂ tetponsen Lo exogenous oxthooholasine s {Ilicknrmn
1965). Bretyliue 4n large @ca6s-is known to aot by sccuzulsting in
adrenergic narve andings. Although the relationship botwoen drug
scoummilation and effect is highly complex (Boura et al 1961), it is
knewmn that thntiﬂ.mura-‘-ﬂ action roughly parallels the asount
of the dru; thuﬁ acoumulated (Hickerson 1965). This antiadrencrglo
effeot lapts between 6 and 2k hours (Boura and Green 1959; Green 1960,

Bretylium was given in doses of 10ng/kg body weight (i.v. injec-
tion). On giving the drug the first noticeable offect wea on the

N prossuré. 1Ihe ﬂwlmml@wmkwﬂ-ﬂlﬂ fall i the



slow intravenous inJjection of bretylium
p _ . Lo ] " .
0 mg/kg body welght). on the blood pressure.
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" 1g 3% (seb) ‘fall in blood presoure
mbtﬂﬁtmhﬁng . n!ﬁ ntu l.l;nt have boen dwe
toa tﬂullu:t qhu homimetic nt‘hut, puui'ﬂ,r due to local rulsase

of oathechol amimes (Bours mnd Sresn 1559“, ﬁ’ruu 1960). R'se or
fall, the blood :!rulun stabilized at & lower level, aftor a mean

ﬂ'lm

period of about 8 minutes.
Rogults
The drug wes injocted after obtaining cemstant organ—aorta ten—

perature difTerentials in most regiona of the pastro intestinsl
tract, for more than 1 hour. 1

Ihe Gastro Intestinal Tract

A. Rosponse to bretylius tosylate injootion in the wars envircnsent.
Pig 35 shows the typloal response of the gastro intestinal |

tract (means of ? experisents) to the injection of bretylius togylate
in the "warm enviromgent". Teble 15(a) gives the Alstribution of
aboolute tomporatures along the gut, during the last hour before |
and after the second hour of bretylium adainistration. Table 15(b) |
and Fig 3% gﬁi ‘I;hl unmrpcgni!.r':g valuss of organ-aorta tesperature i
atrferentials (Neans of 10 mxperiments).

Fig 35 sbows that the temporaturv differentisls of the duodenum,

*ﬂl;m. ltnlllﬂl'.l and largo intostine were reduced by the injsotion
of mw:-iﬂhihiﬂ' the reotum wis {ncrvased. The stomsoh
o lh.:-l.ihl ﬁnﬂﬂ response to bretylium. mru,- after
e
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The lfflﬂt of intravenous injeotion of Bretylium tosylate (10mg/ ks hnﬂr'ilighf) Iﬁﬂthi'

abaolute tezperature distribution along the gastro
29.2 « 1.

"*Farn" enviivpmeat dry bulb temperature
DUODENUN | TLEUN

STOMACH

EsEtuut

POST
ARET

-
PHE

BRET

POST
BHET

PHE
 BHET

pogar
EHET

MARY [WARN | WaRY | WARN | WARY

ARG

TEASN

1‘1H1

33.97 L.m-

b

3%.00

Moy

-s-a._a.[ 37"

1

3573 i

3..90

35.61

J2.20

'F

35 .90

X5 » Hg

36.04

Bhtjhl

55312

3L .70

3543

.57

35.L5

5.5

3593

34 .67

|35453

.95

35 ¢56

3525

3595

35.62| 3.281

3540

3628

*

35.98

35,81

33.63

1—

36 453

35.00

E

Y,

36455

eed5

*Ps.ﬂ.
35.02

54+ 350

inal Lract,
relative husldity = 72.8 + 2:#

=

36.0%

D2As

3725 | 36.53') 37.5¢
32,64 | 32.60 l $2.93%
33:35

S —

56.65

3¥7.81

36.60

33.15

33.22

324 (5

32.57

33.29

33.56

3579

05

33.51

33.62

{3575

36.13

33.01

36.61

J6.57

35.60

56 .40

+

|

+

o ol s

35453

i

35.98

3545
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F. - ¥

Tha ;t'flut of intravenous injection of Bretylium, tosylate (lmw body ‘llightf) |
organ - aorta “"temperature differentislfl distribution along o gastro !nt-ﬂ:ihﬂ m
"Harz" enviremment: dry bulb tomperature = 29.2 + 1.6°° relative hunidity = 72-3 * ﬁ#

— — =
EXPT., | STOMACH-AGRTA | DUODENUM-ACRTA | ILEUM-AORTA | LARCE INTESTINE | RECTUN-ACK a?

S = &

PIE_ | POST | FIE | PO | PiE | PosT | P2 | POST
srer | mper | mmer | meer | Bmer | rmer |  BEET | BEEY

— = o —
0.62 0.46 0.27 0.30 O | 0.35 0.36 0.27
-

—1
0.3 | 0.29 0 44 0.43 0.3, | 0.32 0.50 O.46

r—

0.36 031 0.23 0.24 Lr 0.33 | O.41 0.L8

_.

ﬂ.}u Elhn ulﬁ? ﬂ-?E ﬂiLE EIEE ﬂlul- DI-II.E
n-}E ﬂ-lg CIEE' GIE} ':"#5'? 0152 n'jj] u.y‘
G-LE a-_ﬁ EiEE ﬂi_:'q E_'E_r} L-I1-55 Eiﬁa ﬂlsﬁ

1
Ol lwliplWH

|

0.50 0.30 0.62 Va55 0.57 | 0.52 0.33

._
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i“"ﬁ“”

Miﬂm ‘I‘i‘Itnl for these two regicng -rl 0405°% and ﬂ.ﬂ'l c

r hmﬂﬂh. qliug of thoze m found lipdfinmt at the 5% lovel. .I

" L]
B sy e s5iom e of the ll:-ﬁmmm::rnlmr i, pet response of both

. the stosach and thé u:u@. taking about 80 minutes to resch complote
|

o
fon. After two hours it alszo recoverwd and the post-injeotion value

was only 0.01% diffarent from the pre-injection alue. Ths resction
of the large intsstine too was slow but it eventually begcams thes
sacond most affected ruglon, The &ifference between the poet and the
pro=injection valuss was 0.0L°C. The rectum-sorta tempernture
differentials wore incroased durling the firat 2 hours aftor ke
injection of Bretylium. It later reduced %o u value lower than the

pre=injection value by ﬁ.ﬂ}ﬁﬁ.

B, Bogponze to environ-ental eooling after bretylium togylate,

Pig 37 showa the typicel rosponse (Mean of 7 experiments) of
the gastro-intestinal tract to environzental cooling after hretylium
tosylate. Table 16(a) givos values of the mean sbsolute temperatures
during the last hour bafore and the second hour of voolinz while
table 16(%) and ﬁ; 38 give values of the torresponding tezperature

> &
dirfferentinls during Lhe samé periods.

The most responsive roglons of the gestro intestinal tract to

reiro mmmpnmlwhhlﬂummm
followsd by the stomsch. The responze of both the duodentm and the
o e n@' much AR AR oo “ﬂﬁw
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stro intestinal tract, after bretylium tosylate

1

The effeot of environmental copling on the organ-sorta
tempornture differentials of varlous reglons of the

(10 me/kg body weight

vy

gs

Pig 38.




me e
= ffect of environmental cooling o
tha gastro irtostiaml trast aflsr '\rr-tﬂi'_n Tonrlate,.

'm:'m.-a:gh-ul‘:-e-wntum-ﬂz+ 1.6
"Cool™ enwitnmant - 4ry bulh tesparature = 21.8 + 1,5

the adbasaluts ternpeEratuars

10=z/Xg iy W
relat i ve ho=idd

»*utrﬂ:u_tl.n .l

?° relaiive husmidity = H,’ s ‘-

X e L STOVACH — DUODENUN ]
|56 [Pz |poar |Poar | FoST | PoaT | PoaT | Foar | — e
ol i mi i mlmemm s womi s S
1 |35.51 | 3%.66 | 35.07 | 35.48 | 35.91|35.02 | 36.00 3512 35.91 | .98 |0
2 jn.n 309 | 36263 |43.60 | 3277 | 34.05 | 34u66 | 34.79 | 34,00 | 3083
3 |35 ssjr 35.87 | 35.19 | 35.90 | 35.18 | 35,97 | 35.25 | 35.06 | 35.45 | 3%
I, 55.121;.35*55.52 35,46 | 55484 | 35.58 | 35470 | 35.58 | 35.60 | 35.47
5 AL FS53.91 P62 | 3011 | 34.96 ) M. | 395 3435 | 34.77 | 3428 -
5 ﬂ.:ﬁ,}a.nu]_w.ﬁz 33.20 | 37.85] 38.52 37.91] 38.72 | 37.91 | 38.75 | 57 AR
7 '53.5:._,11.15%52.34}2.:9 3319 | 52.26 | 3316 | 52.23 | 33,01 | 32.38 ’?.‘:F_
8 13335 | 31.90 | 33.64 | 32.29 | 35.93| 32.65 | 33.58| 32.45 | 33.69 | 32.55 | Se.
9 |35.76 | %.78| 35.97 45;:-31 36.45 | 35.62 ]}E-U} 55,04 | 36,16 | 35.48 !':-!?
36.07 | 35,13 | 3657 35.69 | 36.46 }5.51}_5;5,_.1.5 35.61
' I- 3.9 | 34,36 25.30 | .87 E-ﬁ} %496 | Shods| 3.91] 35.43] .97 395
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ffoct of enviroamental oooling on the organ - sorta "tesperalure ﬂ-ﬁﬁm”
d4stridution along the gastro-intsstinal tract - after intravenous injeotion of
Bretylius tosylate (10mz/kz body weight.

"Warn" snviroomsat dry bulb tesperature = 29.2 % 1.6:: relative huxidity = 72.8 ¢ 2.:%
"Cool" emdirogmant dry bulb temperature = 21.8 # 1,57 rolative humidity = 61.5 + 1.
EXPT . ST OMACH- DUCDERI M= ILEUN=
AORTA AORTA AORTA
x08 ~ PRE | POST PRZE PRE POST
. BRET | BRET BUET | BEET BRET | BEET
{  wARM|[ COOL WARN| COOL WARY | COOL
1 0.L6| 0.82 0.30] 0.36 0.29 | 0.46
2 0.26] 0.41 G.4%] 0.66 0.32 | 0.60
| 3 0,%1| 0.38 0.3, | 0.37 0.1 |'0.42
& 0.40] 0.81 0.72] 0.7% 0.62 | 0.73
5 0.19] 0.20 0.53] 0.43 0.52 | 0.4
E G.‘LEF Ei-IE Gi_ﬁj __q_::;‘_ ﬂ-{;‘:'l Gi&
7 0.3¢] 0.79 0.55| 0.66 0.52 | 0.5%
8 0.29] 0.39 0.58] 0.75 0.23% | 0.55
9 | o.z1] 0.53 1.70] 0.8 0.27 | 0.35
10 | o©0.26] 0.20 | o.76] 0.85 | 0.65 | 0.
0.31] 0.51 0.54] 0.60 0.46 | 0.55
ial-J;l l'nizc _‘Lﬂ-lﬁ :G-lﬂ 1ﬂ-15 ﬂ] 113 +0,11
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 Bumsary of changes in the mean valuss of the ‘organ-aorta
. "temperature differentiala” distributed along the antro
Antestinal traot, in response to enviroomental cooling -

J in the control experiments aa well as after Pretylium

| Toaylate (10mg/kx body weipht). |

‘ﬁ_ — - = =
STOMACH | DUDIRWDM | TIEUM |LARSE HECTUM
INTESTIKE
CONTROL + 0.18 + 0.09 + 0.15 + 0,19 + 0.15
T——— -1 T o
'm
BRETYLIIM | « 0.15 + 0.06 + 0.09 + 0.17 + 0,17
- PR |
- 1 . i .- l'"l'_i'l-'-lqh .




w d.piﬂuii? (P-n.m} was shown in table 17 to bo & reduced
Tesponse to environmental .nﬁ!%hg.‘ The ﬂfﬁq_nn_-ﬁ'ltg*m the
Fost-cooling and ﬂn—qpl:l.;; values of thn"ﬁunzlm:—m;hn tezporeture
differontials was 0.06%. This wus not significant (P=0.4) This
was shown in table 17 to be & reduced responze. The 0.09°C alerr-

erence between the post-cooling pre~cooling iloum-sorts tempersture

differentials was not significant (P=0.1). It was also n;;n to be

& much reduced response to environmental cooling (See table 17)«
Table 17 showa the reasponce of the darge intestine was not affected
by brotylium tosgylate. Ths large intestine-sorts tempernture diff-
erential rose by 0.47°C on environsental oooling. This was found
significant (P=0.04). The rootu= showed & rise of about ﬂ.‘l?uﬂ in
its tompersture with rospoct to the aorta on ocobling. Thia rise
was significant 11.. the 5% fhd was infaot an enhanced mesponss to
environsental cooling.

A Rosponse to bretyliua togylate injeotion.

¥ig 39 shows the typioal response (Mean of 7 experiments) its of
the liver and its tuoﬁiltul TIIH].: to the inJection of bretylium
tosylzte in the wars onvironment. Table 18(n) gives values (Meun
,,;‘;3 M of the absolute tenperatures of the liver mnd its
associsted vessels during the 1ast hour before and the se0amd hour

r injection. Table 10(*-) and Fig 40 give the corresponding
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The offect of Bretylium tosylate (10ng/keg body weight) given {ntravenously on B
ntml measured in the liver and itn assoociated ypssels - in the "ware

"Barn® exvrmoment. - Dry bulb tezperature = 29.2 + 1.6

relative huxiditys ?Z.E EM

EXPT. _I fEP, PORT VEDM LIVER HEPATIC VEIN
PRE 1 POST P POST Ps POST '
HOS. BRET PPET BIRT BHET RRET BRET
WARM | WARN AR AR WARN AARM
1 33,97 1 3.3 .37 .73 3 .29 3569
2 34..90 35.61 3540 15,07 1S LA 36.10
3 15.12 0.8 35.35 .61 55357
& 35.56 3527 35.83 35.19 5.8
15,81 3%5.20 | 36.05 16.64 | 3646
LTy 3,01 | 3,78 3,12 | 3.,.88
37.25 36.29 | 37.53 36.36 | 37.55
32.64 32.7h 32.87 32.87 335.05
35.35 53.28 33.56 3342 3».7
3575 346 24 35.99 354 L_}E.la
3,199 %.835 | 35.28 0.0, | 35.29 I
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e affeat of intravenous injection of Bretylium toaylete (10=mg/ k¢ body 'ﬂﬂ)
erpan - norta “tesperature dlfferentials” meagured in the livar snd its sssooiste

in the "sam" emviopment.

"Hura' enwtoamsat - dry bUbL tempersture = 29,2 + .67

ralafive huxidity = 72.! - w

- e

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

EXPP, MEP. PORT. VEIN - LIVER - AUMIA HXP,
AORTA | | —

%03 PRE POST PRR POS? PHE
BRET BRET BRET BHET B

I wamr [ WAL | WARY T

1 040 0.3 0.32 0.35 O.45
2 0.50 0.45 0,54 048 0.53
3 0.27 0.23 0.27 0.25 0.25
[} 0.32 0.27 0.34 0.35 0.26
3 0.22 0.2, 0.56 r 0.55 0.50
6 0.36 .35 047 N 043

-

? ﬂ#zg L-ZT ﬂl}} 'U'.?? EEH
B' G-?} E‘.E} G-h? U.Ll n‘u
9 0.22 L 0.2 0.35 0.33 0.23
10 0.22 0.2, 0.52 0.44 0.2
0.3 0,29 0.41 Q.AD 0.5

+0.0% #0,08 +0,10 +0.09 +0.,11
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W88 no sarked ohange in the n't } of the portal vein=

ioﬁh temperature :!:I.h‘umﬂnl on the injection of bretyliue. The
~ difference ht'hnu the pre=injection :m.i thn jolt-h}uptiﬂ values
was 0.02°C. This was not statistioally B gat £ cant (P =0.7).

i %
B Response to -m:ml cooling after bretylius

Pig 41 shows the typical response (Moan of 7 experiments) of

the portal vein-aorta tezpersture dif'ferentials to environmental

oocling. Table 19(a) gives valuss of absolute tezperatures during

the last hour before asd ‘he second hour of environzsntal cooling,

Table 15(b) and Pig 42 glve the corrvsponding values of organ-aorta

tomperature differentisls.

It 18 seen froz= the above tables and graphs that there was a
gradusl increase in the values of the hepatic portal velin-sorta
tonperature differentisls during snvironcental coeling. The rise
of about 0,08°C iu the vilue of the mean temperature difforontials
during cooling was :ipiﬂumlt (P=0.02). ‘Table 20 shows that
bretylium reduced tbe response of the hepatic portal vein by sbout 20%. |
The Liver and Hepstio Veln

e ia e Gealylivm beug ol e :
r‘:-f_'df-‘{s ;.9 it oan be seen that the effect of Lretylium injection

on the temporature rlirl'nruntill hﬂtnm h-nth the liver and hepatic

yoin with reppect tn the sorta, wan ‘I'II.T slight. Piz 40 and table
vw(n. show that the difference in the valu produced in the liver
B Nasts v otively sre 0,01 nmom%. m-wgiﬂ
‘-IFH‘{W' - AFRICAN DIGITAL HEALTH REPOSITO;{Y Pl;OJECT -P _{
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The effeot of environsental cooling on the organ-
sorta tespersture differentisls of the livar and its
Ijlﬂ'ﬂﬂ“‘- TIMI after hﬁm_u- hlﬂ‘“ {,‘“}f_; Ik !
body weight). S
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MPMM The liver-sorts tezperature
ufhmﬂﬂ.mwmu.os‘m ~ it wme notm

|
L

(P0st). —+ . Thers was & rise of C.11°C &a the Y

I hopatic rlin = aorta tomserature differentisl oo occoling, This wmas

h found mignificant (P=0.05). Table 20 shows that the effect of
bretyliu= in rli:lunl.n.s the responss of both the liver and hepatic

‘I vein t0 cooling waym only slightly more than the effegt on the portal

voin,
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welght).
"Yarn" enviroomant - dry bulb tesperature = 29.2 + 1.6

*Cool” envircomeat - dry bulb temperaturs = 21.8 & 1.5°° relative humidity = 61,5 & 1.

B

- ﬁ effoot of envivomental cooling on the absolute temporaturss“sesured in the 1
fta nssocinted vessels — after intravenous injeotion of Hretyllium toarlate

o rolative husidity = 72!&3 2

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

['cooz | am COOL wit | coon
35.61 ._.. 3, 66 35.97 | 3516 35.00 | 35.12
.%o | mas W.7% | 34.58 0.8, | H.
35.56 | .81 16.06 I 35.32 3603 | 35.40
3532 | .85 | 3547 | 35.23 | 3547 | 35.22
81, | 3.5 36.17 | 35.: 36,27 | 35.25
43 :}}.51 [ %73 L.u..x.l YaB6 | 337
37.26 | 38.08 37.65 | 38.58 37.68 | 38.58 __
32 .64 | 31.60 ] 13,10 | 32.17 33.00 . %2,09 2.08
33.35 31.50 3350 52.19 55'.76 32.20 35
35.76 | .78 637 | 35,27 | %60 | 35.21 mm
:
35.36 Jh_-_ﬂ.!r 3541 3.08




19B.
The effect of envibmmental cooling on the orgen - sorta "tespa patiala®
measured in the liver and its assocoisted vessels after intravenous injection of tretylium
tosylate (10=g/kg body welight).

"Warm" exifenment - dry bulb temperature =
"Cool" eovidbmant - dry bulb temperature = 21.8 + 1.5

oc
2?.2 1 1 .ﬁﬁ'ﬂ

relative hunidity = 72.8.
relotive humidity = 61.5

| EXFT. HEP. PORT VEIIN-AOHTA

LIVER - AOHTA HEP. VEIN-ACETA
| Xos WA COOL AR COOL WARY
1 1 0.56 0.50 0.39 0.h6 0.38
2 0.40 C.A9 0.50 0.60 0.51
[ 3 0.50 0.51 C.57 0.62 0.5
R A 0.%% 0.38 0.35 0.37 0.2
5 <36 047 0.L5 0.41 0,35
| 5 | 0.30 0.40 0.45 O.A5 0.39
7 0.3%9 0.50 b 0.42 0.50 ;I;
B VAN 0.57 0.36 0.9 0.3
{ 9 0.23 0.2 . 0.41 0.38 0.36
I_ o b 0.4 0.49 . 0.3 0.43 0430
MEAN 0.38 0.45 0042 0.48 0.3 |
5. D. 2007 | 2008 L cndtfaluredor dbadD

it pt-



Sumzary
"toupe

d

of changas in ths mean value of *ha organ - smoria

rature Aifforentisls® msasured in the liver gad 1t

Bas0cinted veasela - in responsu to emirmmental oooling -
the control siperizents and after Bretylius toxylate

( w ‘.i&ht)b
5= = e
HEPATTIC LIVER IRPATIC |
PORCAL VEIN
| VEIN
|
| l
COrrRoL + 0.10 + 0,10 + 0.1
|
+ 0,08
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The effect ‘E"— e el %
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late on tlm tesmp-

' ﬂﬂ-‘ "i!lw_ﬂb responss €0 environmenial eool-
ing have alresdy Been shows separetely. The present sorles was
dosigned to iu’iil:..lﬂ'lut dm Adrerarg!c and cholinergle
1 btlockado on the absolute tempersture dlstritotics sz wll =3 the
level of the orgsn-sorta tesmperature &!atributicon i sach rezicm
of the guatro intastinal Srect snd the Liver with 1ts assoclated

eranture di

veasela. The effect of these drugs om tas responze of the above
mentionad roglons of the core wrea to environoentel cooling was
also atudlod. Bretylium tosylate mas given in doso3 of 10mg/ig body
weight (i.v. slow injection), about twenty sinutes befors the injec=
tion or 1ng/kg body welsht atropine sulphate. Fiz L3 ahows the
reaction of the blood pressurs to the edzinlstrution of both druga.
The fall in b.p. recordsd always lasted about Tive to seven minutes
on the avorage., 4Alter thip it stabilized on & lower level.

Tho Gastro Iatestinal Tract
A he - simul bretylius tonylate

and_atropine sulphate in the wrm environsent.

Pig b4 showa the resatiion of the pastrs {ntestinal tract %o the

Anguonse £0

{njeotion of both bretyliun and atropine. Table 21(a) gives walims
of absolute teaperatures in the various reglcma of the gastro
4ntestinal tract, one hour before and aftor the second hour of the
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ture differentials of the stomsch. The differemes betwsen the post e
|

sdainistration and the pre-adeinistratisa walues was = 0.11%

(P = 0.1). ﬂu duodenal-norta tempersture difYorential was reduced
by 0.12°C after the injection of both dmgs. The redustiss in the

| idoum - mortd temperature dlfferontis] after the injeoticn of both
drugs was ﬂ.l‘.‘_l‘?nﬂ. The larye intestine-sorta temperature differentials
got reduced by ﬂ.ﬂhuﬂ. *he rosotion of the rectum to bath drugs was
quite unique,in that, it wua the only region which displayed an
increase in temperature differentisl with reference to the aorta.

| The rise wss 0.14°C and 1t wss signiticsnt (Ps0.05)Y Table 21(e)

| shows a comparison betwesn the effoot of 'ntmplnl sulphate, brotylium
tosylate and a cosbination of both drugs on the levels of temperature
difforentials. It can te sen froo thia that the effect of the
sisultanoous injeoct of both drugs was greater than any szingle one

of them. There wmus & bigger reductlon in ihe temperature different-
tals of the stomach, duodenus, dlewm, and large intestine bul Wwre:
wae an incresse in tiet of the rectus. |

oo, Tt
“pﬂlg Eﬁ‘. C! 'ﬂl'mjiltru i.n‘hllﬂml tt'l:ﬂt o Illﬂm-

1
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The offact of simultaneous administration of bretylium
tonylate (10 mg/kg body weight) and atropine sulphate
(1 mg/kg body woight) on the organ-aorta temperature

als of wvarious reglons of the gastr
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%_ affsot of intravenocus injection of both Bretylium toaylate fle:l.;/i;- body lli.lhﬂ
and atropine sulphate (1lmg/kg body weight) on the sbsolute fomperature distribution
along the gastro intestinal tract - in the "wam" @

*Warn" exdtvoment = dry bulb temperaturs = 29.2 + 1.6

t.

rolative husidity = 72.8 + 2.08

| zer. AOHTA

I ==

STOMACH

NOS. 2

*ﬁﬂJ

PHE
BOTH

[PosT | FE ]

o |

DUODENTM ILEUN

PORT
BOTH

FHE
BOTH

POST

BOTH BOTH

LARGE INTEST-

LB
BOTH

PR | POST

'T

WARE | WARM

WARM |WARM

WARM |WAHM |(WARM |WARM

WARH

RECTIN

.

|

PaE
. A = |

T |
..-rr-f‘.'.-':'.- |
FLL T .

33.81 |55.80

.51 55.08

.31 |54.21 135.18 134

34 .04,

AARM  JWARK )
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| I8 v .

33.65 [33.96

T3 |35.07

35.256 |35.52

3545 135.23 |35.49 13515

35.53 |34.60 1350

3541 13544

- *

3387 335

36.10 135.71 |35.69 |35.95

[35-5

e

35.18 ':-_. |

36.33 |37.03

56.75 |37.43

37.69

36.28

35.95 137.99

36.52 |38.24

38,32 |36.38 [38.2, |36.51

38.53

35.76 |37.95 |

3646 |37.93

37.01 |38.11

38.68 |36.96 |38.29 |37.07

s

38.50 |36.44

| e e ——

37.90

33,66 |33.62

3 ods 7

334

51##25 33:"12 3}-91 yﬁ !#9

3,.37

e

33.82 |33..0

33.05 |34.93

M. 135.2

55-26 }‘1-31 jf"llﬂ y*..l"‘.n

- |

3397 [ 34.86

38.72

37.61

3929

3343 137.60 |33.52 | 37.48

: Pt

=

35.72 |38.60

S —— |

35.80 1 36.47

35.91 L}E-ET 3503 lss-u. 35.82

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




TARLE A3

The ef'fect of
and atropine sulphate (

intravenous injoctions of both Bretyliun tosylate (10mg/kg body u!.sht}
body weight) on the organ-sorts "tomperaturs differentd

ddstribution along the pastro intestinal treot in the pars envuronment .

"Har=" emitvomgnt = dry bulb terperature = 29.2 + 1. 6°° relutive humldity = 7’2.3 s Z.E‘
| ECT . STOMACH- DUGDEN UN- TIECE- LARGE DNTES- RECTUN - B
AORTA AORTA AORTA TINE ADETA |
HOS PRE | POST P& | POST PEE | POST PRE [ PoST PRE 05T
ADMDN| ADMIN | Avdaw| ADiM | ADMTN] ADICIN | ADMIN|SADMIH | ADMTN 21,1
mARM | wWARM wARM | wamx WARM | WA WARM | WARM WARM | WARM
1 0.50| 0.27 0.76] ©.50 0.L0| 0.37 0.60] 0.23 | -0.16] 40, '__..'._‘-;
2 0.53] 0.5 0.6y 0.1 0.50| 0.42 0.40 0.6 | -0.13| +0.0%
1 0.46| ©.50 0.79| 0.67 0.30| 0.25 0.54 0.50 | -0.23| -0
& os2| 0.38 | ool o0.57 | 0.77] 072 o.a| o.66 | —0.05| 0050
i 5 0.57] $.25 O.45] 0.35 0.,3| 0.25 0.56) 0.54 -0.19| -0.04
6 0.55| 0.48 0.85| 0.75 0.50| 0.36 0.61| 0.57 | =0.02| -0.0%
7 0.8L| 0.76 0.71] 0.63 0.25] 0.29 0.83| ©.75 -n.:usll 0.22
! .60| 0.28 0.50| 0.33 6.47| ©.25 0.56 ' u.ui
g 0.53| 0.57 0.63| 0.69 0.73| 0.80 0.40
0.55 | 0.4 0.66| o©.54 0.48| 0.2 0.57
10 |20.16 |20.12 | 20 %ANDT‘ﬁ*J‘&‘Fﬁ"‘m‘OT 12




Sumary of the ohangas in the mean valuss of the
aortas tesperature diffs
gastro intsatinal truct
atropine sulphate,
of both of thes,

organ -
rentiale distributed along the
in response to the injsotion of

Brotylium tosylate and 2 combination

r-l - R -
STOMACH DUCIENTUY | TLEUM LARCE RECTUM l
IITBSTINE
1 mm - ﬂ.ﬂ} - ﬂ.ﬂ-ﬂ _ Q-DE * 0.1 = ﬂ'-ﬂ'E
|
m - ﬂ.nﬁ - 0.02 * ﬂ.ﬂl - 0,04 - ﬂ'-ﬂﬁ

- 0.07

- U-mr
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1 ._.--:. o .&ur-m.,t during the hour Lefore
Illiﬂil ﬁmw ln*rimnnntﬂ. sooling. Tabla 22(h) Eive the

corre X
Sponding nrmﬁbmuhn- difforontials during the same pori

There was an inorense in the valis of the
ature differentials

stossch-aorta ttl;ilr-"
during environmental cooling, The rise of ﬂ.15ﬁﬁ
was atill signifloant (P=0.05).

The duodenum-sorta teeperature \

differentials 4id not ingrease sustantislly during envirommental

eooling. The rlse wus only 0.01%. ihe ilewm-sortas tespersture
differentials {noressed by 0.06°% during envircamental cooling, The
large intsstine-aorts tompersture difforentials inoroused by 0.09%

during cooling. The incresse in e temperature differentials of

tho rectum with respect to the sortz mas 0.21°%. This wes found
significant at the 5% lovel. Tuble 23 ahows that the responze of

the stozach to environmontel cooling wus ordy alightly reduced while

that of the duodenum was virtually knooked off completely. The

response of' both the ileuz and large intesting to environmental

cooling were heavily reduced. The response of the rectim on the other
hand, was snhanoced by both drugs. |

TP HEPATIC PORTAL VETH |

A Response to the taneoug injeot of both bretyl
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gtro-inte
10 ng/ke
kg body we

temporaiure

Tha @

:
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TARLE . -
of'fect of envitopmental cooling on the absolute tempsrsturs distridution slor

gantro intestinal tract after intravenous injections of Oretyliun tozylate (

woight) - atropins sulphate (1lmg/kz body weight).

"Cocl” envirmment = dry buld temperature = 21.8 + 1.5

"Farz" envionment = dry bulb tezporature = 29.2 & 1.{?2":t

A l AORTA

STOMACH

DUODENTM

—

SRR

POST
WAR

ADVIN
CO0OL

POST
WATE!

COCL

me{ -—

POST
WARM

- HHI':;

COOL

POST
WARM

ADMITN

TINE

POST
AARY

rolative hu=idity =
? relative humidity =

G INTED-

L 2 0

COAL

33.81

32.935

.08

35.31

e 31

.}' 5 il‘-5

34%.10

coo &
33.26

Z0n

3323

iy
-.4 e "'!- _". I
’

LR 4

'Tﬂfﬂ;ﬂlﬂ'qﬁ

35.07

W23

35.52

.02

35 .48

l

34..76

3549

3 .86

35.53 |34.69 ”1’rf-;}J d

20 <y

37«24

97

36.11

35.05

35.69

.59

20«54

M 2L

e

3703

3742

371

57.60

57+ 45

M3

}?-E?I

37.69

137.62

37.99

3830

38.24

38.73

Jb.32

F.

38,64

38.24

38.75

38.53

38.94

anjwvmleEelwlin |+ EE !i

37.93

38.00

3853

1 38.57

38.68

38.69

30.29

38.32

38.50

38.65

33.62

33.32

356

3.2

H4025

3390

J2:91

}J.E%L_}h-ﬁT

J2.51

93

3 .36

35,21

.78

35.26

2549

_1
38.72

27.20

J9.23

58.06

3943

ﬂ-ﬁ[iﬁ-lﬂ .79

37.87

39.52

38,06

J3.21

2373

ETTTTTT

ez

35.51

Jﬁ.h?_ljﬁ.ln

3657

36 .06

iﬁ-k#] 3590

36 .56
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TANLE %- sl
effect of envitoomental coocling on the organ - sorta tesperature d.'l.rfmntill = -
the gastro inmtestinal tract after intravenous injection of Bretylius

(1nz/2g body weight).

dlstribution along
tosylate (10mg/kg body weoight) and atropine sulphate

"Wern" emtrwament - dry bulb tespersture = 29.2 + 1.6 rolative humidity = 72.8 &
"Cool" emslivhment - dry bulb tempersturs = 21.8 + 1.5 relative humidity = 61.5 ¢ 1
@. STOMACH DUCDETUM - TLEUN - LARGE INTES-
; . ORTA ACHETA TOIE AOHTA
WARM | COCL WARK | COOL WAEM | COOL | wam¢ | COOL Y

1 0.27 | 0.uL 0.50 | 0.52 0.27 | 0.33 0.25 | 0.30 “”

2 0.45 | 0.56 0.1 | 0.43 0.2 | 0.55 0.b6 | 0.56
+

3 0.50 | 0.63 0.67 |0.T1 0.25 | 0.25 0.50 | 0.60

& 0.38 | 0.50 0.57 | 0.6 0.72 | 0.78 0.66 | 0.8

5 0.25 | 0.L3 0.33 | 0.5 0.25 | 0.43 [ 0.56 | 0.64

5 0.L8 | 0.57 0.75 | D.69 0.36 | 0.32 0.57 | 0.68
-

7 0.76 | 0.59 0.65 | 0.58 0.29 | 0.5 0.75 | 0.8

a 0.28 | 0.42 0:33 | 0.34 0.25 | 0.43 0.54 | 0.63%

9 0.57 | 0.86 0.69 | 0.67 0.80 | 0.86 0.49 | Q.57
L — ok ﬂ

_q —
0.59 | 0.5 | 0.55 ol | o7 | 053 | 0.62 . 0.1
20.17 | +0.15 |+0.17 [ 10‘213"]10-&_' +0., |40.34 |  +0.12 | .o,
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Buwwary of changea in the mean values of the organ - sorts |
Mtemnerature differentisls dlntributed along the gaztre
{ntestinnl tract - in response to cooling - in ths conkrol
pxparizents asz well as affer oombined adanimistration of
Bretylium tosylate (10mg/kg body weizht) and atropine
sulphate (1ng/ks body weight).

e T T

syoMAcH | puommat |XimUw | Lamss RECTIM

CONTROL + 0.18 + 0.09 + 0,16 + 0.19 + 0.5
L * 5E
1P0s2
COMRINED
BRETYLIUR |.
ok +0.00 |+0.06 | +0.09 . 0.2

ATROPTINE | ¢ 0.5

_-l_'

*.
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I I i
L‘I:I Hlﬂ !Eﬂ 160 200 20
TIME IN MINS —™

G,__.@ LIVER o—a HEPATIC VEIN

HEPﬁTI{:
@— —@ RECTUM ."""F'GHML VEIN

' rgan-aorta tomperature differen-
s "ﬁ: ﬁ'::'.l:ﬁ {ts associated vesselo tﬂ e/
'ﬂ;mm in jeations of bretylium tosylate (10 5
;:‘ woight) and atropine ml;hl_ ta (1 wﬁm‘p&

1#*-;'- Warm mﬂrm-ut . Arrows
Hﬂ ti. ‘ hllﬁﬂﬂlﬂ-
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IN. DEGREE CENTIGRADE

TEMPERATURE DIFFERENTIALS

o
-

S\

o
T

.
054 T | T
A P o I e
3 AlA '+A,A AlA
AlA ALA ,\l/\
034 | 1 |A]A ALA 1 |AA
A A L A A A A I
- A A A A A A :
P A A A A A A
A A A A A A
01- A A A A A A
A A A A A A
AN | A A A A

TEMPERATURE DIFFERENTIALS )
PRE BRETYLIUM 2 ATROPINE

WARM |

)

ENV.
TEMPERATURE DIFFERENTIALS
m POST BRETYLIUM & ATROPINE = J

¢ simultanecous injections of bretylium
m:‘,&g ng/kg body weight) atropine sulphate
3 mg/kg body weight) on the organ-zorta tempera=
¢ differentials of the liver and its assooiated
:‘,‘:.1.. (Warm environment only).
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Tha effoct of intravenous injeotions of Brotylium toaylste (iimg/kg body

atropine sulphate (lmg/ks body weight) on the absolute temporatures measured in the

1iver and its associated venzols — in the "woam"™ en
"§arn" envivoment - dry bulb temperature = 29.2 4 1.5°°

t.‘ =i i
relative ht.lid:lt.? = 72.8 *«w -

e

o TR

—— =

DM TT."; "'_‘-__.““ﬂ

"
=

-
=

BXPT. ‘ AOETA HEP, PORT. VEIM Lrvza I
NOS. PRE ADM| POST ADY | POE ADM | POST ADM | PRE ADM [POST ADM|
‘ WARM WARM | ARy WARM WARY  |wARu !
1 33.80 33.81 3L,.07 34,07 34, o Qi 34405
B - T3 35.07 35435 35.7h 35.28 r;:«5.&‘5.
3 i 351 35 «heds 35.01 35.04 35.61 *35-90
L 36.33 37.03 36.68 37.35 36.68 Tj?.&l
> 35.95 37.99 36.30 30.37 36.38 38,39
& * 36.46 37.93 36.76 38.19 36.77 38.33
7 33.56 33.62 I;-L.m.. 3 <Ol 33.54  |33.94 I
8 33.54 3%.93 5 o 24 { 3.56 3.7 [35.31
9 37.08 38.72 37.61 39.28 37.72 139.39
35.25 36.03 lsﬁ-ﬁﬁ ‘ 36 L4y 35.66  |35.46
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 mams 23,

The effect of intravenous injections of Bretylium tosylate (10ag/kg body
stropine sulphate (1mg/ks body weight) on the organ - soris “tempersturs |
moAgurad in the liver and its assocolated vessels in ¢
"Farn" onitooment - dry bulb temperature = 29.2 + 1.6

worT eovicopnent .

relative hmid:l.tr -*7!% ;ﬁaﬁ

/] Laﬂ"l'__.a"ﬂ

gm .r%lr A.gh | LIVER - ACERA
AR WARM WARY AR
0.26 0,26 0.23 0.2
0.62 0.67 1 0.57 0.58
0.40 | 0.40 . 040 0.L6
0.35 0.32 0.35 0.38
0.35 | 0.38 Oub} 040
0.30 | 0.26 0.3 0.40
0.56 0.42 0.28 0.32
0.40 ﬂ..;% 0.33 0.38
0.53 " 0.56 |. 0.8 0.567
0.39 0.3

| 20.13 L +0.12
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during the same period. -
The reduction ln the value of the temparsture 4iffesentisls of

the hapstic portal min with respect to the movie waa short llwsd,
lasting only about 60 ainutes. It rosa sgain and at the end of two

hourz it waa only 0.01°C less than the pre-injection walus. This
3 rlerenos was not signdficant (P = 0.7).
ll ia %0 ¢ vi4 1s
'-'lﬂ_"_t'i
Pig 50 shows the respanis of the livar snd ita sssocistsad vesmls o

environmental ooaling alter bretylium tosylats and atropine sulphate.

exbie 25(a) gives valuss of the abaclute lezpernturws while table

25(b) and fig 51 give the corresponding mean organ-sorta tesperature

dirrerentinia of e 1iver and its asaoclated yessels during the sbove

namod periods.
There w=as &n {natant inorease in the hepatio portal vein temp-

dirferantislas with rospect to te sorta, during environsental

ot the temperaturs of the hepatio portal veln rose
and hopatio vein during aooling, Tha difference bat-
gipferentials befors and after.coaling wes 0.09%.

ogoling. In ra
sLoye the liver
wean the tesperatur
s s atguitiosat ot 2 5 level.
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Prom the above menticnsd tables and figures, it can be zven that the

jﬁnqt:nf :hut'h_ﬂ_ruga on the liver-norta temperature differentials as
woll as on the hepatic vein-aoria temperaturs differeatials was - 4

. nlgliﬁi‘lﬁh- The liver soria temperaturs differentials rose hr"ﬂ.ﬁuﬂ'.
| ohis was not significant (P = 0.07) that of ths hepatdc vein-aorts

|' temperature differentisls rose by 0.02°C. This too mot significant
| (P = 0.9).

‘ B. [Response to environmental cooling after bretylius and atroping..

|" Prom figs 50 & 57 it sould ba pson that the 1iver-sorta temporature

dirferential rose in response Lo onvironzental cooling. The diffe-

u 3
rence betwoen the pre and poat ecooling values wal 0.0 C. This rioe

was not significant at o 5% level (P = 0.6).

The hepat.o woln on the otier hand respondsd more than 414 the

1iver The hﬂpltiﬂ yain-aoria tinpﬁrlturn differentials roze by

9% which w88 aigniricant (P = 0.05). Table 26 shows &
portal vein and the

about 0.10

in to unﬁrnﬂllnul aooling in the gantrol series and
ig ve

4 bretyliws and atropine.
uotion in the rosponse of the ldver snd bepatic

t |
ielis Prom here it can be seen

afiar comblind
that there was o @
vein while there was o
the portal vein. il
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gignificant reduction in the response of
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©—O LIVER @—@ HEPATIC VEIN

HEPATIC

o -@RECTUM  @—®o5grs; VEIN

the organ-aoris temparature of the
s ﬂ::nﬁlu:ﬂu:htﬂnﬂnuh to mi.rw
A after bretylium tosylate (10 mg/ksg i)
::im and atropine sulphate (1 ng/kg body .

#hick horizontal 1ine {ndicaten the period of cooling.
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TAHLE 25B.
The efifect of envitvemental wooling on the organ=aorta "temparalure lttrfimﬁll
soapured in the liver and ito sszooletod vessels after the adeinistration of t

Bretylus fosylate (10me/kg body weisht) end stropine silphite, (1a/ks body -:m) |

intravenously.
"Harn" emvitobment - dry bulb temparature
*Cool™ w - dry bulb temparsturs

H M

29.2 » l.ﬁm Iﬂllﬁ?’l huzidity = 72.8 = E.g
21.8 + 1.5 relstiva humidity = 61.5 -l- 1.

- s e
S

EXPT. HEP. PORT. VELT-AUHTA LIVER-AGRTA HEP. VEIN - AGRTA

i ——

NOS waRy | cooL WARL! cOOL WARM ce
1 0.29 |' 0.3 0.32 n.}?”
2 0.25 Ou X, n.ﬁuuﬂ O.L5
3 0.3% | 0.5l _-5.33 0.36
5 | 0.38 29 0.45 0 4 5y
5 0.42 [ 0455 0.32 Qo
| & . 046 Ifﬂ.__l_ | oo O.bdy
7 0.47 0.61 0.59 0.66
. B 0.56 0.65 0.57 0.60
9 | 0.3% | 0.3 0.2 j 0.8
-1
0.52 0.58 0.42 045

20 09 I 20.11 AFRICAN DJGITAL m‘iﬂﬂ&%snom Ronaca"?'..uI . lﬂ'




TABLE 26

Summary of ohanges in the mean valuss of the organ-scrta
temperature differentials measured ia the liver and its
assooiated vessels in response to envicremental cooling in
the control experiments as well as after sdministration of
both Bretylium toaylate (10mg/kg body weight) and
atropine sulphate (lmg/kg body weight).

HEPATIC LIVER HEPATIC
PORTAL VEIN
VEIN.

+ 0.10 + 0.4

+* ﬂ'.ﬂ} * ﬂ.lﬂ .
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Tho existonce of bacterlal flors in the gastro intestinal tract has

-

baon well ulhhlmﬂﬂ; Thelr activities have been invoked to .m ‘
the high reotal heat on several oocassions. (Bazatt 1951), Rubin,
Horvath and Mellette 1951, measured tesperaturs in the rectus of
patients treated in such & way 2a to reduce ' baoteria in their
bowel and found no difference between the rpotal tezperature of these
pationtas and norzal ones.

in this section it was intendsd to reduse the bacterial flora
in the gastro intestinal traoct to see what effeoct this had on the
pattern of temperature distribution in these animals as oppossd to
that of the pontrol and salse to study the offect of gut sterilization
on the rosponse to envirommental cooling.

Animals used in this group of experipents mere housed for three
days and fed on a regular diet of mixed carbohydrates and low proteina.
They were riven 86 og/kg body welght Neomycin sulphate per day. This
was adminiotered orally twice in the day. This does corresponds with
the sugrested dose for human gut sterilisation which ia lga-Bgn/day
glven orally (Weinstein 1965) «

The drug was adainistered for throe days and the snimals wers

uzed on the fourth day.
Rosult.

~ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT = I
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TEMPERATURE DIFFERENTIALS IN DEGREE r:tu*rmg DE

|
|. )
l “LJ il 11l

TEMPERATURE DFFERENTIAL
wWaRMw ENV

TEMPERATURE OFFERENT AL
COCL

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




-
{ effect of emwiivmmental cooling on the absolute temperatusre distribution along the
intestinal treot after gut sterilisation with nec—yoin sulphate Béag/kg body

weight/day ~ administered orally for a period of 3

"Tara" snwithaent = 4dry buld temperature = 29.2 + 1‘2{1; relative humidity = 72.8 ¢+ 2.08
relative humidity = 61.5 -l- 1.88

"Cool" snwivument - 4ry buldb temperature = 21.8 -l- 1.5°

s

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

STOMACH DUCODENUN ILEUM LARGE INTES- EECTUNM
TINE

Il.ﬂ_._ﬂ'mL qw COCL WA EM ] COOL WA COQL WAEN | COOL .
36.67 | 37.57 | 36.83 | 3.0 | 57.55 | 3691 | 57,8 | 36.27 | 36295
37.53 | 37.76 | 377 37.62 | 37.40 | 37.68 | 3745 .ﬁ-‘!
32.29 32-95'}2.35? ﬂ-}ﬂl.}‘l.ﬁi 32.29 | 32.65 Jm
H.}E‘}Sinjjiﬁ-ﬁj 35.39 | 34.96 | 35.40 | 3465 3%.20
36.13 | 36.85 3.6.1;36.5: 36.12 | 36.72| 36.11 | 36.68 :‘I
35@'_1‘-5}’ 55-554.55-5?1 35.50 | 35.52| 35.53 | 3542 ».01
3545 | 35.59 | 35.63 }5.5i 35.49 | 35.61 35.50| 35.59 35.05
57.90| 36.99| 37.88| 37.02 36.52

35.50] 35.10] 3549 3527 35.72 3%.87

.1155.?:: %49 | 35.84 | 36,57 35.72 362 35.75] 360 35.93




T

'E offect of envilrmmental cooling cn the organ-sorta "tespersture differential®
distridution along the gastro intestinal trmot - after gut sterilisstion with neomycin
sulphate Bfag/kz body weight/day - administered orally for a period of 5 days.

"Jarm" sovlwmment - Ary bulb temperature = 29.2 ¢ 1.69° relative humidity = 72.8 2 2,08
"Cool" envilzgment - dry buld temperature = 21.8 + 1.5°% relative humidity = 61.5 . 3 1.8¢

= S OMACH SOODETIN = TR - Ae® INTEo-
“ AOR? AQPTA | TINE AORT
WARN | COC WARN | COOL TN | coo C00
0.27 | 047 0.49 | 0.46 0.50 | 045 0.51 | 0.4
g —— =F
o.42 | 0.88 0.63 | 0.7 0.51 |0.52 0.53 I 0.57
+ = = = A
0.42 | 0.87 0.51 | 0.%5 0.51 | 0.57 0.42 | 0.59
0.% | 0.91 0.52| o0.m 0.38 | 0.8 0.3 | 0.53

0.4% | 0.88 0 46

-

4
.65 I 0.k2 | 0.75 0.L1 | 0. N

! Eunqnurru'

0.28 | 048 0.53 | 0.63 0.38 L 0.65% 04l | 0.59
- .
0.32 | 0.55 0.50 | 0.63 0.3 | 0.57 0.37 | 0.55
0.29 | 0.47 0.47] 0.50 0.%9 rﬂ.ﬁﬁ 0.3 | 0.59
- - - 2
0.2% | 0,50 T’ 02| 0.49 0.43 | 0.AB 0.50 | 0.70
- + T
0.3 | 0.85 0.50| 0.73 0.38 |0.58 | o.a H 0.02| 0.09
|
= T — - + -
0.% | 0.67 0.50| 0.62 0.42 | 0.60 0.43 | 0.61 m
ﬂ :'u .w :'n .19 _L :ﬂ .m &QN.DII(-}FAL H LTH!REPEI%RY g’lu :ﬁ_i;“ :ﬂ .u ? m
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TABLE 28.

!—r,r of changes in the mean valuss of ths organ - aorta

temporature differential” distributios along the gastro
intestinal tract - in response to exviiromental cooling
after gut sterilization with Bémg/kx body weight/day
Neomyoin sulphate given orally for 3 days.

- -
ILEUM LARGE EECTUM
INTESTINE
|. |
CONTROL + 0,18 + 0,09 + 0.16 | + 0.19 + 0,15
)
-1_ e ——— e —— & _._H
POST
e 8 8
mml + n.ﬂ + 0,11 + 0.1 + 0.1 + 'ﬂ-fﬂ'
| [nwen. sie] ! |
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Tables 27 (a) and (b) give values of absolute temperstures wnd nnn:
sorta htpontm differentials respectively ur ths uutm;iﬁalﬁﬂ
tract during the same period.

From fig 52 it cen be scen that the most reactive portion of
the gastro intestinal tract was the stomach. It responded instantly
and steeply on cooling. The difference botweon the pre-cooling and
the post-coolling valuss was G.E‘}“E. The duodenuz too respondad by
inereasing its temporature with respect to the sorta, by about
ﬂ.i‘l'nﬂ, which is significant. The {leum and the large intestine too
ghowed aimilar risea in organ-ports temperature differsntialas. This
tize the rise was 0.18% in both oasses. The reotum too showed o
rise in ite tompersture differential with respect to the sorta.

Table 28 showed that the response of the stamach tolcooling
appoared to have been enhanced. Those of the duodemm and ileum

too appear to be enhanced but this was less so than in the stomach,

The ractal responio wad sipnificantly reduced while that of the

large intestipe Wad raduced only alightly.

Hiopetio Portal V ein

Pig Sh ghows the response of the liver and assooiated veasels to
tel cooling after gut sterilization. Pig 55 gives values

-

m
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TEMPERATURE DIFFERENTIALS IN DEGREE CENTIGRADE
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TEMPERATURE DIFFERENTIALS

TEMPERATURE DIFFERENTIALS |
WARM ENV.

TEMPERATURE DIFFERENTIALS
cooL ENV

Tho offect of environmentsal cooling on the organ-
aorta temporsture dirferentisls of the liyer and
its anssoclated vensels after gutsterilisation with

nsomyoln sulphate (86 me/kg body weight/day).
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day.) glven orally for 3 days.

"Warm" envimment - dry bulb tempersture = 29.2 + 1.6°° relative humidity = 72.8 + 2.08
"Cool" enviitmment - dry bulb temperature = 21.8 + 1.5%° relative humidity = 61.5 ¢+ 1.8%

XXP?. AORTA Lm PORTAL VEDN | LIVER ~ HEPATIC VEIN

NOS. WARM COOL WARN COOL WARM COOL WARM EEH.
1 3640 37.10 - 36.6) | 5743 16.87 357.67 37.66 3744
2 37.11 l 36.88 _1: :?.}5: 37.17 37.63 | 37.54 37.37 | 3%.23
}__ 3.87 .l 32.06 J 3714 LJE.&I 32.19 | 32.53 32.07 321 |
& 352 | .89 3545 | 35.3 315.55 | 35.45 3545 m |
5 35.00 | .12 | 35.38 | 34.62 3545 | 34.65 35.43 | .65 |
- | 315.70 | 35.97 36.00 | 36.47 }5.15_' 3647 36.00 3646
7 35.13 | 35.04 35.39 | 35.36 35.51 | 35453 | 35.45 35.49

:_ 8 37.51 36 o435 l T . 36.T7 | 37.90 | }5.95_; _3-?.56 36.92
9 3,.67 35.01 | 3% .09 _ 35.592 35.15 [ 35-55_ 3,..99 3542

| 20 353 | 358 | 35055 | 36.28 35.77 | 36.36 | 35.60 | 36.30

! L |
MEAN 35:3h | 35.33 ] 35.66 | 35.70 35.82 | 35.87 | 35.69 35.77
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TABLE Qﬂ'
sffect of envitmmentsal cooling on the abscluts temperstures msasured in the liver and
its assooiated vessels, after gut sterilisation with Neomycoin sulphate. (@6mg/kg body weight/




—

£ effeot of envlvnzental cocling on the organ-aorta "tempersture differentials” measured
in the liver and its assccinted veszsels - after gut sterilization with Neomyoin sulphate

(Bémg/kg body weight/day) - given orally for 3 days,
"Wara" envilvhment = dry buldb temperature 29.2 + 1.6 phtitﬂ husidity = 72.8 « 2.0%
*Cocl® envilvoment = dry buldb temperature = Z1.8 + 1.5°° reiative humidity = 61.5 + 1.8%

xIPT. HEP. PORT VEIN-AORTA _ LYVER-AORIA | . vEm aomm
NOS. WARM cooL | wamw COOL WARM o
1 L 0.z | 0.3 | 047 0,57 | 0.26 0,3
2 L 0.25 0 | o0.52 0,66 0,26 | o 3anunuNE
\_ 3 | 0.27 0,36 0,32 0.47 [ 0,20 '
i | o0.33 0sh2 O3 0,56 | 0.3 - :
5 0,37 0.50 0okl 0.53 | 0.2 _.
0,50 0sk8 0,50 0.0 | ou9
0.32 0,18 0.49 0, 0.4 :
o | o | o6 | o5 | ous
0,31 048 0,55 0 0.4
0.% | 043 | 0,51 0,26 0 .46 |
0.7 | ous 0.5 0.0 | o
20,07 | &0.06 1 £0.05 | g0.06 .0
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IABLE 30

Summary of changes in the mean values of the organ - sorta
"temperature differentials” measured in ths liver and its

assooiated vessels in response to envilopmental cooling -
after gut sterilisation with Neomyoin sulphate (“'x

body weight/day) given orally for 3 daya.

HEPATIC LIVER HEPATIC
PORTAL VEIN.
VEIN.
- = 1— —1 =
CONTROL + 0.10 + 0.10 + 0.14
[ 1 -
POST |
m B IIm + .n'm +* D.u * u‘n
g
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L e | 413 in the liver and “epatic
484 during the second how- of
E Mh' 29{"} "ﬂ {hJ' ii*l'l values of absolute h:piuim

-.'l 4 =i '-'*l. - [
!ﬁd 'r!ll-ll!?f thl ur_:ln-lurtl temperature difforentials in the liver

lnd-nlqm_tld Vessels during the sazo periods, Table .’it_'-l Eiﬂl‘til.l

summary of temperaturs changes in the liver and hepatic vessels in
rasponse to cooling after gut sterilization sz compered to the
changos in the ocontrol experiments.
The hepatic portal vein-aorta tesperature differentials increa-

| sed significantly on cooling the environment. Tha rise in the temp—
orature differential azoumted to 0,10°C. From table X it can be
seon that thore was no altermtion in the response of the hepatio
portal vein due to gut sterilisation,

It Liver and Hepatic Vein.

| The liver ineressed its temperature differential in respect to

the sorta by D.Hﬂf: in response to environmental cooling. Tlh.]_' 0

domonstrates the fact that gut sterilisation had no effeot on the

rosponse ol the liver to environmental cooling. The hepatic wein
too responded by 1nar-a:l.nin.g 1ts temperature differential by El.u,,"n
which was not {n anyway different from the control response. Thia

thnrirar‘ ghows that gut gterilization had no affect on tha response

of the hepatic yoin to environzental gooling.

1y s
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Iy 515 r
the oritical™ organ in the body - other than the site from which
it bas been measured, Bazzgst (1949)

considsred the torm o misnomer.
The concept of "cors™ and "shel1™, which sppears to be more

Gcceptable to physiclogists, s fust being exposed a8 being over-

. sizpliried (Bregelmen & Brown 1965). ¥or ons thing, this conoept
seeks to portray the body ns being composed on ™an internal mass of
tissucs maintained st 37°C, surroundsd by a thin lsyor with s steop

| temperature gradiont, such that the surface temperature {z 33°*
(Bazzott 1949). While this epprosch is common, 1t i{s insccurate and
may therefore be considered crude (Baszett 1949; Burton & Bdholz 1955;
Leithesd & Lind 19€L). It's ipaccurscy lies in the fact that even

within the 'core area' there is no constancy of temperatures., Bvid-

once abounds to show definite themsal gradients within the deep
tigpuos of most animals. Thio has been known aa Tar back as the

I beginning of the 19+h century when Davy (1839) damonstrated the diff-
orences botweon the temperaturesg of the liver, left ventricle and

rootus.
Although the existence of thormal gradients is well dooumented,

4t has not been shown in any systematio wmay by the various worksrs
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Table 1, shows that, with the oxocoption of the rootum, most

regions of the gastro-intestinzl tract, the liver, hepatic vein and
the portal vein, wero more than 0.3°C in excess of the sorta.
| The duodenus was found, not only to bo the hottest reglon of
| the gastro intastinal trect, but also the hottest strusture in the
:J ‘core area', This cccords well with the report of H. Tto (1899) who
| obsorved that dupdenal temperature was higher than both liver and
l reotal temperatures in the rabbit. The ducdemum-aorta temperature

dtrperential of 0.57°C found in the present work, agreos with the

report of Revutakl (1955), who noted that the upper portion of the

intestine, presumably the duodenum, wao about 0.5°C hotter than
oezophagonl Lamperatures; which has sincs been shown €o be aizmilar
to sortis blood temperature (Cooper and Kenyon 1957; Stupfel and
geveringhaus 1956). This figure doos not agree with the observation
of Nedsel (193%), who found that duodenal temperatures in anassthe-
t4zed doga were about 0,5°C coolar than aortic blood temperatures.

However, it 18 difrioult to evaluate this work as it is not clear
"

fro= the mﬂ,--‘lﬁtﬁqﬁmn of the animal wus sxpossd or closed.

& be L€ # & »
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Batinkoy (- 939) also'repo
0:4% lowsr than of oo his by

I'-"J

.

h

© The '1lous was found to be about 0.49% hotter than the sortio
P1ood. This $a abouttrice the value of the temperature dilforential
‘reported by Grayson ot al (1966) for the Jejunum inu pentobarbitons

‘ansssthetized zonkey. The jelunum-sorta temerature differential

was given by thase workers as 0.20°C.
The large intestine was found to be sbout 0.64°C hotter than
the aortic blood.
Gastric tewmporature rocorded fro= the hottest region of the
empty stomach was found to be an average of 0.41°C hotter than the
i sortic blood. 4ccepting that ossophageal and aortio bloed tempera=-
r tures are similar, this {igure conflicts with the (indings of
Batinkov (1939) who found gastric tesperature similar to oesophageal

tozperature (except in ocnditions of geastritis). Nedzel (1934) also

observed that the gastric tesporature in ansesthetized dog was
0.1% eooler than sbdominal sortic blood; a finding which accords

with that of Rewutski (1955), who found gastric. temperature to be

lowor than oesophageal.

A definito thormal gradient was noted in the stomach; cardiae
ond temperature baing about 0.05%= 0,08°C lower than that of the
sorpuss This oonfirns earlier obsorvations of thersal gradients
gp the human stomach between the cardisc and corpus ends as well

o8 betweon the cardisc and pundic onds (Poged 1933; Masek 1946).
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direot heat loss, by conduction soross the wall of the ﬂm..-h
& slightly cooler liver which ldies

in contact with thia part of it.
The contribution of this to the sradient was howover not studied in

the present work.

Rootal temperature was found to be about 0.02°C cooler than the
aorta, in spite of the fact thst temveratures wers consistestly
recorded from the hottest region of the reotum. A similar aitustion
to this has been observed in human subjects (Harmer and Harris 1920),
as woll as in ansssthetizod monkeys (Grayson et al 1966). The
latter authors reported reoial tamperature n.fc oooler than aortio
blood temperature. Worklng on pentobarbitons anassthetiged doga
Horvath, et al (1950) observed rectal temperature ﬂ.Eul‘.: higher than
femoral arterial blood temperature; a figure similar to that found
by Bichna ot sl (1949) ss the difference botwsen the rectim and the
right yvantriale of the camo anisal. The temperature differemtial
pound in the same animal by Horvath et al (1949) was 0.44°C.

Thers are mARY factors that might account for the intru-species

yariations noted above. One of the most important Cactors ia the

15 the depth of {nsertion of the rectal "ther-ometer®,
give values of rectal temperature without giving the
966)s This makes compariscn betwsen

yariation
Most authors
depth of {nsertion (Losax 1
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2k (1911) observed tint

dopth of about 2} inches, and thereafter fell, Nead and bonmarito

.(154_3). Using five therzocouples armanged in such & way as to

Beasure temperatures at various lavels within the rectun, were able

to show that the highest reotal “ecperaturss in buman subjects -.I

at a depth of betwsen 5 and & inches.

Siailar ther=al gradients wore found in the dogs used in these

| oxperiments. Temperaturea inoreaszed from the anal orifice up to a
depth of 2% to 3 inches. Whenaver the probe was moved further up,
the temperature fell sharply. This might be aceounted for by the

coolling effect of blood in the reotal venous plexus which, though

poorly developed in the dog (Miller ot al 194,) sould influence the
rectal temperature. This haa already been suggested by Mead and

Bonmarito (1949) ns being cne of the rvasons why the 8 in. therme-
couple, which curved beckwards and lay in close proximity to the
posterior well of the reotus, gave the lowest value. They attributed
this to the oooling effect of blood returning from the hind limba,
extornal gonitalia and the gkin of' the buttocks which flows in this
petwork of hypogsstric veins.

The differences noted betwoen readings obperved in animals and
husan subjects, might probably be due in part to the presence of a
tafl oiroulstion, as well as the posaibility of lower metabolle
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aotivitien {n ihe srtes:

}_‘_. -im q.ﬁ - . ﬂ 1'."."17 'l?’ -'-.I.,
Horvath, Pubin and Poltz (1950),
This perhaps 15

present work differ from those of
85 woll as Biohna ot al (1%49).
due in'part, o the faot that artorial temporatures
wore measured from siteg different fros the one ohosen by the author.
They measured from unspecilied points in the femoral srtery. Teap-
erature in the femoral artery 1s Wmown to be considerably influenced
by blood flowing in the femoral vein (Bazsott et el 1948; Horvath

ot al 1950). Baszzett suggestod that, by a process of counter current
hoat exohange between the artories and the adjacent veins - blood in
most arteries is cooled pregresively as it flows towards the periph-
ery. The result of this sort of ocoollng, is perhaps the thermal

gradiant which is kmomn to exist in the femorul artery. Horvath

et al (1550) observed a woll dofined thermal gradient of about n.,l,f'r

' within 5 oms inside the Temoral artery. It might be expected there-
foro, that blood in the abdosinal aorta, st & point near the origin
of tha coelino artery is warser than bdblood in the femorsl artery.
This mirht oontribute to the differences in wvalues of the rectun -
norts tamperature differential obtained in the present work and those

obtained by Horvath et al (1949); Blohna ot &1 (1949).

The existence of & thormal gradient along the length of the pgastro

{ntestinal tract has boen known for some time. Revutski (1955) moted
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Poak 13 reached in ‘the dusdenus,
not

The magnituds of the gradient 1a

otable in so far ap it changes with environmentsl temperature.
This can be seen 4n the control experiment on envirommental eooling,

| in the present work, Duodenal tomperature in the present work, was
found to be 0.08°C hotter than the dlsal, 0.13% hotter than the
large intestinal, 0.15°C botter than the gastric and 0.59°C hotter

, than reotal tempermtures. Thia gastric = dusdonal relationship

f confliota with earlier findings of Hopburn et al (1932); Nedsel (1934)

and Batinkov (1939). Thesze authors found gastrio tempersture hotter

than the duocdenal temperature with a differential ranging froa

ﬂ.ﬂ_‘.‘rntu n.ﬁnﬂ. Batinkov even pointed out that duodenal temperatures

wore only higher during such conditiona as duodenitis.

Although reotal temperatures bave been cosmonly found higher
than the gastric temperature, in human subjects (Foged 1933° Masek
1946 Hoohrein and Sohleioher 194B; Graf 1959), the situstion 4n

anisals sppears to be quite different.

7% TEMPERATUNE OF THE LIVER AND ITS ASSOCIATED VESIELS
THE TEMPERATURE OF 1

relation of liver temerature to mortic temverature

The liver temperature was pound o be 0.39°C hotter than 5 ‘adetio
tlosd, This sgrees directiomlly with the findings of Davy (1839);
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= .‘:"':' 189%); Nodzel (1931): G

however
conflicting. Davy found g 0.5% aifferontial betwoen the
liver and left veatrioular blood temperatures of the lasb. Hedzol

- .
4 1 T

found the 1iver-sorta differential in the d0g to be 0.2°C while
Graysonls group recorded s 0.1% alrferentisl in the sonkey.

A woll definad species varistion: 1s quite ciearly demonstrated
in the above group of fizures.

This species variation has been explained on the basils of the
differences in the metabolic rstes of the liver in various aniaals,
Kleiber (15.1) and Waymount, Meld Kleider (1942) olaim that the
Iiver metaboliam bears an inverss relationship to the body size of
animals., They suggest that the liver oxygen consumption amounts
e 5.23'0.225;

The portal and hepatic vsnous temporatures

The portal vein-acria temporature differential recorded in the
present work ia D-}Eﬁc. This figure which reflects the heat produc-
tlon of tha entire gastro-intestinal tract, is a 1little lower than
the oaloulated averege temperature aof the gut. Thia perhaps can be
oxplained on two grounds. The firat ias the composition of the blood
in the hepatio portal vein. Blood here boling a mixture coalng from
both the {nferior and guperior mesenterio veins, as wll as the
splanio vein, Since the Blood 1 tha splenic vein 1uiscoler than
blood fros the superior oF inferior mesenteric vein - it might cons-
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ferential 4n table 3(b) 4s lower ‘hun

artery which lies in olose contaot with it. This sounter curront

hoat exchangs mechanism has already beon demonstrated for ths dsscen—
ding sorta and the inferior Vona cava as well as for the femsral veln
and femoral artery (Baszett ot a1 1948).

The 1032 obtained in the present work is higher than values
obtained by Pederov & Shur (1942) and Crayson & Mendel (1956). Their
values were 0.23°C in the dog and 0.2° in the rat respoctively. The
animals in both cases wore, however, unanacathetized. The hepatic
voin was found to be, on the avernge, D.Jﬁﬂﬂ hottor than the aorta,
The valuss showed some oseillatory variatlons of about 0.15°C. The
osoillation corresponded quite closely to the respiratory cyels;
valuss rising at expiration mnd falling at inspiration. There are
about three main factors which could readily explain the varlations,
The first is the possible pscillatory alteration in the relative
depth of tho +lphliﬂtﬂt' inaide the hepatic vein. A thermal gradient
of cbaut the same magnitude as the variatlions obsarved, has been
coportad fotnd 1n the hepatio veln (Eiohna et al 1951). If there-

fore, during {nspiration the applicator waa moved outwards but
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ture of a cooler inferior vena caval blood with blood st the entry

OF the hapatic wein. 1t the Admlxturo inoroases during inspiration

ond reduces during oxpiration, this could slso account for the obser-

ved variations. The third factor might be a possible phasic pattern

of outflow of the hepatic venous blood {nto the inferior Yons oava.
This might tend to reduce during expiration, thua allowing for &
greater warming up of blood in the hepatio vein. If during inspire-
tion the outflow increases, as it =might, then there is the possibil-
ity of the lowor value. Of theso three factors, the first and the
third appear to ba more responsible for the variation. The socond
if it happens must be playing & very minor role.

The hepatic vein in the present work ia about ﬂ.ﬂ!nﬂ hotter than
the portal wein. Thia figure 1a Just less than the 0,05 - 1.0°¢
obzarved by Federov and Shur {1‘,“&2) in anaoasthetized dog. It is
substantially lower than the figurma of Barnard (1856) and Koszska
(1939) who pot values nnzingf*rz:i £00.5°C in anaesthotized rabbits

and dogs. Claude Barnard noted that the differential rose with

.ﬂ_{_ﬁtﬁtiﬂn

The above |
¢ giller, Schastoays and Juxevich (1940) 83 well as soze individus)
o '

o
to yaluaa botwoen 0.6 and 1.6°C.
' valuss oonfliot directionally with the obssrvationa

ts reported by Federov and Shur (1942) in which the portal
hepatio vein. The value of the hepatie

[ 'F"‘"

experisen
voin wss hotter than i

-
- u
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Contrary to the findings of Chimvies and Pisikas, Crayson &
Mandel (1956) snd Lomax (1966), the liver 444 not zive the hizhest
intra abdoainal temperature, It was found to be 0.18°C oocler than
the duodenws, 0.10°C cooler than 4leus, 0.05% cooler than the large
intestine and 0.02°C cooler than the stomsch. It was howevor OwkilC
hotter than the rectua.

In an attempt to explain the higher tesmperature rvoorded in the
reotum of human subjects as opposed to its liver, Graf (1959) suggos-
ted the insulating role played by the low reotal mucosal blood flow.
Results from the present work show that this 1s not likely to be the
only reason for this relationship. The duodenum hss been showm to
have a highar blocd flow than the other reglons of the gastro intss~
t4nal tract. (Purton - Opits (1910); Steiner and Mueller (1511);
and Gobor (1960). There 1= therefore every possibility that the
duodonal Eucose mAY be more richly supplied with blood than the

sts]l mucoss. If Oraf's explanation were carrect, ihe relationship
Is -

should be such that the differontial botween the dundonum and the

14ver should leas than that between the rectum and the liver. Sinoe
o

{4 only means that there =ay be more to the h!.dur
) v -]

. yendggl «dod the gastro intestinal lumen than heat
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possibility of vory
tract. 3

Pollowing up a previcus observation by Clanle Barnurd (1856 =
1876), Pederov and Shur (1942) showed svidencs that the £aatro

intestinal tract {s a potent beat producer., In 1966 Grayson and
bis group, basing their calculstions on the temreraturs differential
betwoon the bowel of human aubjects and the aorta,; observed that the
gastro-intestinal tract =ight be responaible for sbout 4O of Lhe
total body heat production at rest. This figure is large when
comparsd to the 7.6% caloulated by Lehzan 1353.

The author however believis that a better approach to the
oaloulation of gut heat productiocn i2 to base it on the tesperature
differential between the portal vein and the sorta. This gives a
more genorel ploture of the heat production of the entire gastro-
intostinal tract.

The portal yoin-aorta temperature differential in the present
work 1i¢ 0.32°C. Aversge portal venous flow can be taken na 270 ml/
& figure caloulated from values given by Burton - Opits (1911);
(1929); Blalock end Mazen (1936); Grindlay et sl (1941)

min,
Grab ot ol

and Groen ot ol (4959)+
The heat produation fro= tho sbove figures gives “ calg/min

shich is 54186 Calg/hr. This la the the value far the doga used in these
5,484
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mbo-h&m traot aocounts mﬁmuua the mdm
Roat production 1n the Gog, Mhis value 18 Yowsr than ane based an
the value of the tempsratire dlfferentisl of any one reglon of the

gastro-intestinal trect. It howsver resains far bigher than had been
| previously suspecied.

The gqueation now is, what exaotly are the sechanisss tnvolwed
in the heat production? Has this snything to 4o with susedlsr or
ssoretory sctivitien? Or has it to do with musozal metabolic aot=
ivies or transport mechaniszs 7 What are the parts played by
cholinerglic and adrenergic influences in the determination of the
heat production and tezrerature levels in the gastro-intsstinel trmet?

Yactors saintaining saniss core tesceraturs distribution in the wry
suviroozent

The tesperature of & given organ depends upon the heat produsing
sctivitier of its tissuss, os sell as upon the tempersture, wolume
asd fow W of the blood supplying tida orgun. At any one Sime
shore{ore, the tecparature peasured In ths tissues of st organ
daizas n state of therml equililrium betwen the heat produced
Within, sod the hest conducted emy frum the tissums of tils orgen.

If the bléod flow to ey setively mtabelising argen is mwiwed,
8 14 % be empected tiat e tesperature wuld rism, while U 1L 4
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. The gastro-intestinal truot and the Liver hawe Mlresdy besn .

shown £, bave higher temperatures than the aortis bioods The rale "
i3 of ¥asagonatrioton tone in the desermination of Semperstire lavela

found in these structures will be dlscussed presently.

Rffects of bloos flow ohanses on the temerstive of the bors apes.”

Up &L1) now, there {35 no genersl sgreesent on the interpretations

of the sffeots of blood flow changos on the temporature of intemmal
organs. Masuds ot al (1953) attrituted the rise in gastric tempere-
fure observed on cooling the body surface of husan subjects, to
gasiric hyperssais. This hyperaesis on the other hand has been
suggested by otber autiors to explain the falls In gastric tesperst-
ure. HMenning, Demling .u) Einzlmeler (1951) for exasple, attributed
the M1l in gastric tesporature, observed on injecting histaming
into haman sthjects %o gastirio Ryperuemls.

Phat oust bave besn responsible for these sonflisting interpre=
tationn glven to cbservations 1s pertaps the faflure of sme authers
to ssacure sortis or artsrial blood tespernture, Thus 1t has mot
bern poasidls for these cuthors to realise fully that sost of the
Mo, e sortie oF artsrial blood ceastitutes & coaling influence
o Bost, but by ko means all, the interml oryans. An iservese In

Mook flow to erpins with & Mgher lempersture Uan the sertis Mlesg,
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: .-m ‘he present work, the efrect of blood flow changer on 4he |

~ Yemperature levels ana diatribution in the core ares, w17 deswnstrated
‘ in'two ways. Pinet the animals were bled suffiolently snovgh, to
obtain a 10-20 mm fig drop 4in blood preasurs, Seconlly, Lonio aympa-
3 thetio dlascharges to peripheral veassels, inoluding those of the

splanchnic area was blocked by pharmscologiocal ayipatheotony using
bretyliuwm togylate,

Ibo response to haemorrhage
Haemorrhage in the present work was ahown to causs a alight but
distinct rise in the temperature of the atomach, ducdenun, ileus,
and lsrge intestine but a full in the temperature of the reotum,
relative to the sorta (zee fig 12). There ms bowever no significant
response in the tesperuture differentials of the liver, portal vein
and hapatic wein.

The rise in ibe gastro-intestinal trect-sorta temperstiure
ddfrerentiales 13 dus in a1l probabilities to vasoconstriection,

It has long bteen establiabed that one of the vascular sdjustzents
0 hagsorriage is blood redistribution. This has been showm to

) tzvolys, smongst others, vasoconstiriction to the gastro intestinal

(1946)3 Mam (1915)s Selkurt, Alsmnder snd Pattersca (1947); Sellkurt

st Srostar (1956); Grees 1962).
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arterial supply may prodably warm it Up. A radostion in the supply
of arterisl blood to 1t therefors could only lssd to the obzeryed
fall in reotal tesperature.

The extent of bleeding in thils work wus perhaps Just enough to
produce oaly mucosal vasoconatriotion and insuffiaienti to produce
the comoomitant reduction in the total bowel blood flow. This is
probably the reascon shy therd was & dlstinot rise 4in the temperatures
of the lomen of the gut without an alterution in the tesmpersiure
of the portal vein, liver and bepstic veln. The poaxibiiity of
sucosal vascocnstrictios wilch 15 not accompanisd by & concomitant
redoction {a total flow was suggested Uy Grim (1963). The interpre-
tation of Mz {3, & posaills iverzlen of blood fram the suctss %o
the arterlovencus ssastomoses. This could ve effected either by
the diistation of ths arieris=—venous ansatoeoses (Poters & Womask
1528), or by sa {neresase in ‘he ssplllary resistance Lo flow
(Wser 1952).

mwmgﬁnﬂhmﬂ ie plece early in hasme=
mmw-Mt“hﬂuummm .
- sod By landls wnd Searborough. Searborowgh (19%2)
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‘| it stdill esphazlioes ths susteptivility of the pratro~intestinal traot

to blood flow chenges. Thia confirms the Findings of Lomax (1966),
that the gaastro-intestinal treet lg mere russeptible to Ylood Flow
changea than the other regions of the “sors area®,

s &
] . f
a Y o A

Waim envirommsnt.
Craf (1959) suggested the poor reotal mucosal blood flow and conse=
quantly tha better thermal insulaticn, sz the explanation for the
rectum ln husan subject Delng hotier than thbe liver, If this be ag,
ane =ay thes wosdor, wiat role ip played by the resting ysscocmstri-
gtor tons in the maintensooe of the lespersturcs of the cors apes.
Brotylium tosylats, wiish 13 inown to e & highly specifis

adrenergia blecker (Sours et &l 1959; Suirk & Hodge 1933) wes shomm
for tis pressnt sork, This drug bhas been used quite wilely to reduse
armysthatic tooe io lypertenciv human subjects (Greem 1960). On

tajes ting the drug ,there w3 & fall, which never zamplstely rwogwared,

g, s Joger un e sv-inlestion ales. oo
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Yalues of the temporature Alffer-

. ol » oum and large intestins. "
ues of the hmnm Imuruuu. of the liver, poricl and

hepatic venous blogd,

were nat significantly affected =lifly the

valus for the rectum - aorta differential rose. All thers resctions

were translont, for the valuse rose towards the pre~injection levels

after about an hour,

The observed fall in blood pressure must havs been due to a
reduction in the reating vasoconstrictor tems im the poriphsral vese-
ela. The reduction of tome must have culsinated in an {nerease in
blood flow to the gastro-intestinal tract and hemce its fall 4n
temperature. To reconcile the full in gastro-intestinal tract temp-
erature with the lack of effect on the portal venous temperature, I
would like to suggest that the effect of the drug was more of mucosal
dilatation; blood being shifted from the other tissuwes to the muscosal
vyossels without bringing sbout a marked inmcrease in total bowel
blood flow sud hecse portal flow. This sort of reaction has been
nown to osews with other btlocking agents like ergotoxine. Schmi-
talein (1957) observed mucosal engorgement in rats stomach with
srgotorins, although this same drug in Walder's experiments 414 not
Iter the perfusion rate of the stamsch significantly (Valder 1952).

mmﬂ“.mhtwﬁMlmm pat =y
Save been brought about by & complex resction invelving s relative
. (g the sotivities of the parngympathetio influsnses as well
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¢ wll of the p mugoular coat and perhips

“HAMe supplied with gympathetic nerves dorived frus
£ mlanchnlc nerves. The musoular wall as well as the wucoss of
BOFtions of the gut, e.g, the stomash and the duodenus (Wright et
al 1940), are Supplied with paragympathetic nerves derived from the
Vagal trunk, whioh itself originates from the dorsal motor nucleus
of the vagus (Ranson and Clark 1959). Bayliss acd Starling (1899)
suggested that the parsaympathetio and gyspathetioc nerve mpply to
the gastro-intestinal tracte ffest a reoiprocal comtrol over the
aotivities of the gut mll, It then means that the preciplitation
of an imbalance, by inhibiting or blocking the actlvities of cne
set of neryes,could per se lead to a preponderance im the activities
of the other.

It 45 known that Bratylium toaylate blocks the gepathetie

nerves - by acoumulating in the nerve endings (Boura & Creea 1959),

It say also blook by interfering with the glucose or ensrgy metabolim

of the nerves,as has boen suggested for guansthidine (Zalmis 1965),
in addition to the soounulation, By whichever way this ia schieved,
the blookade of sympathe tio aotivities might precipitats a relative
inersase in the sotivily of the cholinergio mechanisms of the mt.
This may include motor sotivities as woll aas seoretion; an inorease
of which have been shown to inarease gaatro-intes-

in the sotivities

rature, even in the face of vasodilatation. Masek (1046)
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one of the factors responcible for

t
he observed recovery of temperatures. Another poasible faotor is

& partial Tfecovery of vasoconstriotor tone in response to ciroulat-
ing adrenaline, produced from the adresal medulls. Bretylium ia
knowa to bave no Mocking effect on the release of adrenaline fronm
the adrenal medulls mor on the Tesponse of vessels to olroulating
oxogenous adrenaline. If amything at ail, it enhances the re sponse
thoso vossels to oirculating adrenaline (Nickerson 1965).

Either or both of thoose mechanisms may acocount for the recovery.

Fhilst sone fall in the temperature differentials of the gut waps
obtained with sdrenergic blockads, it appears that the role of resting
vasooonstrictor tone in the determination of the ‘core” temperatures is
very slight. Ip the ocam of the liver, portal and hepatic wvenous
temperstures for instance, the role is negligidle. This may mean

that thore iz not much vasooconstriotor tons in thase veasels at rest

4n the warm environzent,

e £ ol !!E!!ﬂ! !EEEEH in the maintsnanoce of g_g&-'ggn‘

toupe .
The work of Masek (1346) has already been cited to show the

possibility of {noreased motor and secretory activities of the gastro
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. What role these
choline
rgle zechani ms Play in the dstermination of the levels of

]
oore temperatures® i3 not mown. The vagus nerve ig kmown to supply

offerent Paragympathetio fibres, azongst othersz, to the o tomach,
duodenuns, 1leum, the ascending and transverse portions of the large
intestine (Buh:ﬂﬂt ‘[9}2) as well as the liver.

It is woll kmown that there are spontansous and of'ten rhythmio
contractions of smooth musocles in the gastro-intestinal tract at
rost. This spontansous contraction, which may be prisarily myogenic
in origin,is kmomm to be influsnced both by nervous and humoral
faoters. (Toxter 1963). Acetyloholine is known to be continuoualy
produced and releassd in the wall of the gastro intestinal trast
(Peldberg and Lin 1350). The acetyloholine thus relsased has been
claimed to Yo sainly for motor activities (Le Heux 1918-1919) and
Magnus *1920) of eitber the smooth musoles or of the villi (Besnak
1936)., T¢ is also known to provide enough stimulus for the continuous
sooretion of * * sucous enterious (Wright et al 1940).

The role of these cholinergio mechanisms in the determination

T ratures® was studied in two ways. The first mg by

pharmscologicsl parsgympathectomy using atropine sulphate 1mg/kg
body wolght, whils the second was by cervical vagotomy.
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o e wll known feot that atropine inhibits gastro intestimal
ty (Veaoh (1937); Adler ot al (1940); Youmans ot a1 1943) «

This inhibition,

brought about b7 a mechanism of surzounianble comp-
otitive inhibition of cholinergioe reoaptor sites

1965), involves

(Innes snd Nieckerson
both a reduction of tonus a8 woll as propulsive

BOtLlity of the musoular wall (Cruber et al 1930 and Ingelfinger

193). Gastric socretions may also be reduced by atropine (Innes
and Nickersom 1965).

The first moticeadle reaction of & tropine sulphate was a fall
in blood pressure., The fall lasted shout five minutes and a rise
to & new lewel followed. The valus of the new pressure was always
lowor than the pre-injection valus.

There was also a marked fall in the temperstures of the stamach,
duodenum and ileum but a alight fall in the temperature of the large
inteatine, relative to the aorta. The rectum-aorta temperature
differential was uot affected. The fall in the temperature Aiffer-
entials obperved in the upper portions of the guts recovered after
about an hour, It should be pointed out however, that the duodenmum~
aorta (smpersture differential displayed the most prominent fall,
¥hils others almost completely reecovered, its new value was still
npll‘inlltlf lower than the pre-injection value,

The 1iver—sorta temperature differential fell during the first
80 mins but it recovered slmost completely after two hours. While the
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& greater percentage of which 1

The alight inorease in the blood flow could
be brought about passively by the relaxation of the gut wall( Sidky
and Bean  1958),as a result of the resoval of the parmaympathetic
effect or actively by an inoresass in the sotivities of the sympathetio
nerves, which are now "released”. This greater extraction of heat,
accompanying the increased blood flow, might tend to cool the ST
without necessarily altering the temperature of the portal vein.

It appears bowover that atropine sulphate did not alter the
tnt.l!. hoat production ia the gut, since if this had been changed
there would have been a conoocmitant change in the temperature of the
portal wenous blocd.

The reoocvary observed could be brought about by either ome

or both ef two factora. Firat, there could be an increase in vaso-
constristor tone to the yessels of the gut wall, moat probably the
munoss, dus to the release of sympathetic sctivities, as a result
of the removal of cholinergic influences. Secondly, there is the

posaibility of some atropine resistant motor aotivity whioh might
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ion of &
e tropime sulphats. Gred, Jansen and Bein (1523) odasrved o
2
inoresse in canine bepatic blood flovw sfier atropine admin-
This may mean an inerease in hepstic srtsrdal contridution

to
the flow. Besides this, however, the Gtropine could cause an

inhition of cholinergic heat generuting nechanism which could alse
Aceount for obsarved fall,

Basponse to corvical truncal wesotomy

Corvical vagotomy led to = Alstinet rise in the temperature
differentials between the tovach, duodeswm, {lewm and the aorta,
while that of the large intsstine 41{d not rise o distinotly. The
reotum-sorta tempermturs differential on the other hand fell slightly,
The liver and portal vencus temperatures rose a little, relative to
the aorta while ths hepatio venous blood temperature rose quite
distinotly.

The r~ise in body tempersture After vagolomy was explained Yy
T shesahkow (1902) and Freund (1913) as being brought about by a
réduction in eveporstive heat loas due to slow breathing, This does
pot seem to explain the situation in the anizals used for the present
work sinoe the respiration was controlled by a positive pressure

pump delivering at & oonstant rate of 12 eyele w/min,
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A ) A¥e beon the result of & redue
tostinal tract. Peter s° al (1963);

Ballinger, Pagule and Camishion (4
in the bdlooa flow of the Eastric and aup

965), observed a simi)ar disunition

erior mesenteric arteries,
fullnﬂ.u; Beotioning of the Yagus norves.

Roduction in flow of this kind affects the mucosal flow and pay
reduce the heat conducted away, 20 culminating in the observed rise,
The rise in the liver and hopatic venous blood temperature differen~
tials can be oxplained on the same basis too. This may be due to
the reduction of flow in the portal veln. Reduction of blood flow
in the reotum has already been shosn to reduce its temperature. The
offect of vagotomy on the larse intestine is not a8 prominent as the
other portions because the large intestine is still supplied by para-
sympathetic supply dewived from the nervi erigentes. There is thua
some opposition to the sotivities of the Eympathetics, the net effect
of which is thoreby reduced,

The above exporiment showa that, while the cholinergic influences
do play a role in the determination of the levels of the teaperatures,
as ovidenced by the falls in temperatures when thoir influences were
removed, their role in the warm environment is slight. This may
be due to low motor sotivitien of the guts in the warm environment ;

s Paot which may mot be suprising, sinoe it is known that on & XPO sure
of the body to & warm environsent, an inhibiticm of gastro intestinal

motility is obtained. (Bisgard and Nye 1540; Cordisr and Plery 1950).
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Jimul taneous injeotion of both bretyliwm towyliate and atropine

sulphate, caused a tresendous reduotion 4n the temperstures of the
stoaach, duodenum, and {leum with respect Lo Uw sorte. The lerge
intestine 414 not show vory such change while the rectum di splayed
& rism in its temperature differeatisla. The tamperature of the
portal weir was not altered at all, while those of the liver and
bepstioc vein showed & slight rise, These latter respanioes were
bowever not significant,

The fall in the pastro intestinal tract Semperatures relative
to the sorta, without alteraticn in the portal venous sartic teampe—
rature differential =ust have been due to greatsr thermal extraotion
from the mucosa soccapanied by s alight reduction of portal flow,
owing to refuced systemic blood pressure. This greater thersal ext-
ractico eould have been brought about by an inorease in mucosal bhloed
flow, 7This might result from & passlve vasodilatation ef the musosal
¥lcnd yessels fallowing the inhibition of myppathetic vascular tome,
as sell as suscle tone in the gut wmll, The observed increase in

the reetal tesperature perkaps means a greater arterial blood mgply
to 14, following the sbove desoribed passive vasodilatation,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



combined role of both of them is more signifioant, Kuoh more importast
faotors involved howsver, are the unidentified hess producing meocha-
nisms ~ going on perhaps in the Bucosa, which are not blocksd eof ther

by bretylium toaylate or by atropine sulphate or even s casbination

of both drugs.

The identification of these mucossl activities requires further
iveatigation.

RESPONSE OF "CORE®" TEMPERATURES TO ENVI AL COOLING

Although there is nc goneoral agreement on the effect of moderate
body surfece cooling on the temperatures of the intermal struotures .
Ishanassthetized animals or human subjeots, it appears that the
more common response reported is a slight rise (Federov and Shur (1942
Grayson (1950); Mssuds ot al 1953). On the other band, it is more
gommon to find that environmental occoling leads to a fall in the
tempsraturea of the intermal organs of anassthetized animals (Craysonm
snA Mandsl 1956; Grayson et al 1966)., Other authors have found the
roverse resotion though (Marshak 1989; Domhoffer et al 1962). It
15 belisved, however, that what follows exposure to environmental

i in unlthﬂﬂl animals depends on the depth of anas sthenin,
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o give & gemeralised statesent on this frow thes.

"hilet the adsalute temparatures fall, (¢ {s quite possible for
temperstures differvatiale between thr e intermal organs and the

Sortic blood te rise. (Grayson et al 1966) .

Interpretations based on tesperature differentials have been
found more reasomable and more ocnsistent with expectations than
those based on absclute teoparsture changes.

In the present work sovircomental cooling frem about 29.2°C te
about 21.8°C, 414 not always lead to & full 1a the absoluts tempers-
turqs of the amimals but most of the time to & rise, Pall or rise,
however, it was chserved that there wmas alwmys a significant rise in
the temperuturs differentials between all the regioms of the gastre-
{ntestinmal trect, iscloding the rectum, and the aorta. There were
also increases in the tesperatures of ihe portal vein, liver asd
bapstts vels, relative to the sorta. The imsrvase in the portal
reoond tosperature differestial probably indicates an imerease ia

tatastinal Beet produstiod. This agrees with tie Cindings
of Pederev ant Suur (1982)4

vss 8o materisl alterstion (n the paitern of dletribetio
Long Ve length of the gmotreo-latestins] trest
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other regions were reduced.

In other words thormal
gErefients betwsen
them, unlike tng findings

of Bpealman (1945) and Stupfel and Severing-

hay
5 (1956), veoame less prominent, There "ap 2l2o no alteration

in the difference botween the tamporaturesr of the ducdenus and the
liver. The difference between the stomach and the liver tesperatures
W8 however reduced. That 4, although in the ocontrel experizent,
the stomach waz originally cooler than the liver.it now showed a
olear out warming up. The 1leum which was originally 0,01°C cooler
than the liver finished wp 0.05°C hotter than it, while the differe
once between the liver and large intestinal temperatures elosed up
on body ehilling. The reotum too showed some distinot warming on
environmental cooling, These findings acoords well wvith thom of
Grayson et al (1966, who noted an increass in the Jejunum=liver
relationship on cocling. FPindings in this experisent do not howevesr
agree with the findings of Libelli & Poggl (1946) and Haterius &
Maison (1945) who observed an increased gradient betwsen the liver
and reotum in dogs ocooled by lmmersion.

The rise in the gastric tesparmture differential on cooling
ess ooe of the most promisent. Thias type of gaastris reactivity was
roported by Opeslssa (1945) who showsd that gastrio temperature,
ghich wes initially coeler than rectal tempersfure, ross 0.8% above

it on eold 1-1'“#
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The 0b8eTVed rijg iy b T S
8¢ in temperature differentials could bs dus ts a

nusber of ¢
actors, such &3, &n inorease in heat production (Kosaka

1930; :
; Marshak 1939; Pederov ana Shur 1942; Donhoffer et al 1962;

Grayason
ray ot al 1966) or to o reduction in blood flow into the tissues

(Crayson ot al 4
966)s An increase in hest produstion could be brought

about either by enbanced motor sotivi

increased metabolic or secretory -uu:: e e e
¢s of the mucosa, or even

by all three processes acting in wiscn, When there is a reduction

in the blood flow to the mucoss of the gut for instance, there is

& concomitant rise in the temporature, dus to the faot that loss

hoat 1s conduoted amay from it, This has already been shown in the

hasmorrhage series.

The role of cholinergio and adrenergic mechanisms in the

production of the observed rise in the temperature differentials was

studied.

The role of oholinergic mechanisms in the response of the oare temp-
eratures to environsental gooling

Cooling the animsls two hours after the intravencus ingection

of atropine sulphate produced an increase in the temperature differ-
entials between various regions of the gsstro-intestinal traet and
The most prominent rise in tesperature differentials

sortic blood.
s dlsplayed by the stosach; the rise being higher than that obtained

{in the contrel situation. In all the other regians however, sfter
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. ries), This may probably be due elther
to the inhi '
be inhibition of some cholinergic mechanisas which norsally

in
erease their activities on oooling, or to an increass in the

inhibitory sotivities of adrensrgio influences, or to Loth,

The possible ocholinergic mechanims which my bs increased
inolude motor and secretory sotivities. Thers have been reports of
inoresses in gastro-inteatinal motility on moderats body chilling
(Wortz and Sterkel (1920); Sato (1935) and Biagard and Nye 1340).
Although findings which confliot with this have been reported (Preuds
1927 and Atkinson 1928) but this has besn e xplained on the basis of
the ssvority of cooling., Sato (1935) explained that the response to
cooling dependa upon the dopth of tlssues cooled in the prooess.
Demonstrating this in the rabbit, he showed that when the body
surface ocooling was sevare enough to cool the wall of the stomach
directly, instead of the usual enhanced motility, there was an
inhibition, The effect of direotly ocooling the wall of the stomach
has been shown by a number of workers to be an inhibition (Carlsen
1916, Atkinson (1928), Schule (1896); Musller 1905) The above named
workers did this by introducing cold fluid direotly into the stomach,

¥ueller and Holsoher (1929) demonstrated inoreased secretions
»f both gastric and duodenal Juices on body surfece cooling. Bisgard
and Nye [1959} also, in explaining the inoreased gastric motor
cobivitien observed on body gooling, attributed this to an inoreased
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to
oooling will dsfinitaly reduce the heat producing sotivities and

thersby the tempersture rise of the gastro-tntestinal tract.

Atropine blockads howsver did not redusce this response wry much.

Cooling the animal aftsr an hour of stoady value recording
post-abdoainal vagotomy, lod to a steady rise in the gastrio, rectal
and large intestinal temperatures with respeot to mortic temperature.
The valuss of the duodenal and ileal tesperuture differentials, only
rose after an initial fall. The fall in the case of the duodenum
was quite stesp. The final post cooling value was 0.05°C less than
the precooling mean. Tn short vagotomy, if anything, eaused an
snhanocemsnt o the gastric and reotal responses, but Lt caused a
masgive redustion in the response of the large intestine. The response
of the 1leus »us sbolished while hat of the duodsnum was not only
abolished but reversed.

Tiat the gastrio response was not reduced by vagotomy may mean
oither that vagotomy does not resove all the paresympathetic nervous
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| "4%8 Twsponse is not influenced by
th. ™ ] _r' e ¥
VAGUS Barve in any, way. It 45 kuown that the &ommoh recoives

Ano
. Hﬁrmmmmmhmim- nerius

(Semba, Noda ana Fujii 1963). How much influence these Fibrss exsrt

is dirfioult to 83sess, but it may not be considerable. The reaotion

of the stosach after atropine was similar to that after vagotomy,
thus suggesting that the mechanimms of the gastric response may be
different from the other; not being blocked by parsgympathectomy.
This may bave to do with ssld production shich Bisgard and Nye (1940)
suggested was secondary to the relsase of histamine or histamine-
like substance on body chilling (Horton and Brown 1932).

The poralstence of the response of the reotum is of courps, due
to the fact that it 4s not supplied by the vagus nerve at all and so
vagotomy cannot posalbly affect it,

The reduction in the large intestinal response ias probably duve
to the fact that in addition to its parsgympathetic supply froa the
norve erigentes, ihe site of measuresent, which ia the ascending
m‘nuiru some vagal supply. The reaoval of the vagal supply
precipitateos an imbalance botwoon parasymspathetic and gympathetic
aotivities., The inorease in the inhibitory activities of the
gympathetic narves might likely be responsible for the reduction,

The abolition of the ileal rvsponse is perhaps due to both an
{nhibition of the usual cholinergie contributions to the response
by vagotosy and & poasible further active inhibition of the motor
aotivities by the "released” mympathetio nerves. Kewenter (1965)
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It aotivities, This was not chserved

in the Jejunum. It then means pertiaps that the tlewm 18 wither more
riohly supplied with sympathetio nerves than the prorimal portions
of the intestine or that its supply, unlike the ones of the proximal
portions, iafluence also musoular aotivities.

The complete reversal of the duodenal response emphasises the

tremendous importance of its wagal supply in it» resction to emviren-
montal cooling. Besides the posaible inereass in motor activitiss

which might have been imhibited, the ducdenal response probably
invélves an increase in the searetory sotivitiss of the mucosa,
Wright et al (1940) showsd that vagal stismulation asugments secretions
in the duwodenum but mot iz the Jejunum and Lleum. From tids, it ia
possible to spooulate on the possibility of the duodenal secretory
oells receiving morv vagal supply than those of the other portioms
of the intestioe, In =n attespt to explain why total ducdenectomy
led 4o, amonget others, hypotheruls which was melisved by duodenmal
extracts, Ugolev (1960) suggested that the duodenum, in sddition te
1ts rols in digestion, must be seoreting an unidentified subatance
ghish 1zfluences the whole organim. It would seem therefore, that
the Punotional integrity of the duodenum with respect to heat
protesing seohanisms Sepends on the intaoct supply of vagus nerves

19 it.

There 48 8180 the ”nﬂhﬂlﬂ' that Lthere might have been, in
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in the motility by asn

sotivation of the aympathetio mn-;;- |

The
gradual recovery of the romporatures of both the {leum and

might either inorease the heat produsing aotivities of the wall
of cause an increase in Yasooonatrictor tome, which might tend to
conserve the heat more efficiently and thus raise the tezpe rature
of the gut,

There was a substantial reduction im the response of the liver
and portal vein to emvironmental cooling. The reduction in the
portal vemous response may be dus to the reduotion of the heat
producing capacity of the gut after vagotomy. The effect on the
liver may be dus to an inhibition of some unidentified cholinergic
bhost producing mechanisas whioh normally occurs im the liver.

role of r uene n the response of the
erature to enviromsental ogoling

Thile acknowledzing the possibllity of inoreased metabaolie
aotivitiss taking part in the response to coaling, Grayson et al
(1966) suggested that the rise in the temperature of the fejunus
rith respect to the sorta was mainly brought about by blood fMow
ahanses - possibly due to an inoroase in vasooconstriotor toms teo

the gastro intestinal blood vessels.
Tt 1s & woll knowa faot that on exposure to cold stress, there
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thl amount relessed from the adional
modulla (Cannon, Querido, Britton ssd Bright 1927). Besides the

Vaso-oconstriotor activities of sdrenaline, the metatolic or caleri-
gonio aotions too are well kmown. Inmes and Nicksrson {1965b) menti
oned that after the conventional dose of adrenaiine there was alwayas
& 20-30% rise in oxygen consumption which may be Zue to increased
fat motabolism. It therefore means thet since there is the possibi-
1ity of inoreased adrenalins secretion on oold exposure ,there is
conpequently the possibility of its imervased metabolic activities
as weoll as increased contributisn to the vasoconmstriotor tone taking
place on body chilling.

Brotylium tosylate did not greatly affect the response of the
gut to environmental cooling. The effect on the ileum was more
prominent than elsewhere. There was a alight enhancement in the
response of the rectum, but a slight reduction in those of the liver
and the portal vein . The reduction in the gastro-intestinal and
portal venous blood temperature rises with respect to the aortas;
may be duve to a reduotion in the inorease in vasooconstriotor tone

as well as perhaps a reduction in the inoreased adrenergio calori-

gonio motivities (particularly the glucose metabolism of the mmooth
susoles of the gut wall), which normally take place during body

¢ gffect of bretylium on the metabolim of the
gooling. The direc

oth musoles of the gut wall may not be ruled out, since it has
|0
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'F narve blockers to have direot
ils themselves (Zaimis 1963),
It Ln very ummt t0 assets the role of adrenergic {nfluenses

in the response of the Sastro-intestinal tract to enviicnmsntal
eooling in the prassnt work,

because of the possibiliiy of an inoom-
plete blockads of sdrenergio aotivities by bretyliws tosylate. It
18 known that while brotylium Wocks responses tu adrensrgle nervous
stimlations, 1t dces not blook responses to rxogencus adrenaling -
nor does it blosk responses to adrensline relessed from the adrenal
modalla. There is therefors the possidility of failure to block the
effect of adremaline released fros the adrenal medulls in the

present work, thus failing to inhibit completely the liksly increase
in vasoconstriotor tml.,‘:ﬁ‘"l-;ﬁlllhll inorease in the metabolie
activities duos to adrenaline. The reduction of the response of the
liver to cooling by brelylium, though significast was not very mush,
and this could Ye due o an inhibition of the mormal incresse i=
yasooonstriotion, which thus enables the hepatic artery to swpply

sore of ovaler Blood to the liver. It L1s very posaible that some
of Lhe alrsserglc ealorigenic metabolio sotivities may also be

blocks*.
On the whale howsver, exoept in the case of the Lleum it doen

b var a8 though sdrenergio influentes play mare thaa a alight

rols in the meshani
respense 16 body surface sosling.

ms of thefpeperature differsatial rises,in
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4 sdministration ¢ wik
sdlphate led to a alight reductian

bt a large reductics is the response
of the duodenum, {lewm snd large intestine.

enhancement of the respense of the reotum.

Sl togylate and atropine
in the response or the etomach,

There was distinet

There vus & alight
reducticn {n the fespanse of the portal vein, which 1g paradoxical .

The reduction in the Tesponse of the liver wus signifieant,

The reducticn of the gastro-intestinal response elght be due
to a combination of incressed Succsal dlood flow and an inhibition
of the bheat producing mechanimms which m::rhfukht about by increased
relense of acetyoholine and adrenaline in the wall of the gut.

The ocabination of drugs bowaver falled to blook completely the
response of the gut tc envirvosental cooling, This then means that
quite spart from those iwo sechanisms other mechanisms do exist te
sgoount for the respongs. It ls significant that, with all the se
blockade procedurvse, the most that happensd to the gastrie response
was & elight redvotion.

la of the gastro intestin S “440m
The rods of of its tamparatures

The existence of baotarial flora in the gastro-intestinal tract
bas been well established. Thelir sotivities have been suggested to
si7lain the high reotal temperatures measured in human subjects
(Basett 1951). Rubin Horvath and Kellette (1951) showsd that gut
sterilisation d@id not produce any difference between the rectal
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The tempersture of iNe "ectun was
4180 not slgnificantly different from those of sorssl dogs.

On cooling thege Bnizals, there mas 50 svidence of reduetion
in the response of the upper porticns of the rot, to body surface
coaling, The redustion {n the response of the rectum was alight.
This could be dus to » genulne reductiom in the basterial coleny
in the reotum. While this glves the impression of scme comtriduties
from bacterial metabolio sotivites, it might be pertient to point
out that there 1s a possibility of the direot effect of ne oxyoin
sulphate on the reotal wuooss, thus reduoing {ts ability to re spond
to environsental ccoling,

The experizen! ecpliasises however, the fact that the role of
the baoterial flore in the maintenance of normal rectal tempersture
in the warm enviromsent, is megligible, There is a posaibility of
inoreased mstabolic activities from them contributing rether alightly

to the rise observed in the rectal temperature on body cooling.
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PAndings in'the present work emphasiss the varisticns in temperetures
recordsd from different sites in the ‘ocre areai This oonfirms there-
fore the views alresdy expressed by Baszett (1949) PFurton and Bdhols
(1955) and Bregelman & Brown (1965), that the concspt af the body
boing visualized as comprising a central ‘cors with » constant temp-
erature say 37°C, 1s inadequate.

Definite thormal gradientsdeng the gastro-intestinal traot
with peaks in the ducdenum were found, The high temperatures found
in the gestro-intestinal truot and the high temperature differentials
between the portal venous blcod and the aorta, potray the gastro-
intestinal truot as & potent heat producer. It therefore confirma
esrlior speculations of Pedsrev and Shur (1942) and Grayson et al
1966. Caleuwlations based on the values of portal flow taken from
the work of other suthors (Burtom - Opits (1911); Grab (1329);
Blalock and Mason (1936); Grindlay et al (1541) and Green ot
(1959), ss well ns on the tesperature differential between the
porta) vels and sorta in the prosent work, s heat productiocn of 8.6
cali/min was obtained. Basing this on the 1.60 Cala/kg/hr. obtained
by Gaiveo [117} as the total heat production of tropical doge, it
oy found that the heat produetion of the gastro-intestinal treot
ssy bo 8o much &0 12,48 of the total heat production at rest. Thia
tlgure hough slose 1o the L0 obtained by Orayscn ot al (1966) fer
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| lAble oaleulation wil) have
$o Swmit further researel, in whish sfwultaneckis Beasirenert of
portal blood flow and temperature differential as wall as (A = V.)
OXygen Aifferences will be done. The flow will havs to be measured
with methods other than therma) d1lutiom, whoh might tend to alter
the tempersture #ifferentials of the ports) veis.

Bretyliuwm tomylate slone did not greatly reduce tempersture
levels in the "core @res” in the warm saviromment. Atropine sulphate
also 4id not greatly affect the tespernture levels nor 41d vagotamy
affeot the temperature levels adversely. Simultaneous inlection of
both atropine and bretylius Lowsver produced additive influsnces
which reduced the temperatures quite steeply, though they did met
abolish the tempersture differentials. What this means ia perbaps
that the role of these ‘wo mechanigms in the maintenance of the levels
of the temperature ia the gut and even in the liver is not important.
In the ware envircnsent there is perbaps not much vasoconstrictor
tone and porbaps little of suscular activity either. This therefore
raiees the question of what emotly is producing the beat and whare
is 1t Jooated?

fhe use of stropine ws based on the assumption that it would
Jicok eholinergio moohanisns such as the contrectile motivities of
the musoular coatl, sheath of museularis mucosss, and the v1l1i, since
a1 these are supposed to be timulsted by the soetyleholine contiaw=
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which are drives by adrenaline.

Blockads of both influences resoves therefors the role of
motor activities and blood flow changes in th: determinatica and
maintenance of the tempersture levels. Wiat {s left i perhéps scme
secretory and metabolic sotivities of the mucosa, which might be
under the control of humoral factors, other than adrenaline.

Thyroxin has been sugzested as ooe of the ponihh:'r:t‘:n inv-
olved in thermoregulation (Borde (1946); Cate (1946) and Masquood
(1951). The above mentioned suthors showed that hypothermia which
aften results from thyroidectomy is stopped by throld extrects.
There is the possibility that thds influences the gluccse as wll
as the 1ipid metabolisss of the micom thereby increasing its heat
produotion, There may yot be some unidentified humoral faotors whioh
say be imvolved.

The rise in the temperature differential in response to envirem-
mental oooling was nmot much reduced by bretyliuam togylate. It is
difficult to oonclude ghat tho role of adremergic influences in the

se to environmental cooling may be, in as much as most of
re Ypon

the oholinergic influences which
goon the activities of the parasympathetic and the sym-

may inorease as a Tesult of the

imbalance bet

Howbeit it appears that the role
are heat producing.
pathetic perves
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A
tropine did not reduce the resporse much, This may be due to
fallure
to block | all the cholinergic sotivities, due to the
dovelopmant of Atropine reaistant contraoctions,

v
tgotomy on the other hand completely blooked and even reversed
the response of the ducdenum, while it just blocked the response of

the Llewm. It also reduced the response of the liver. This
indiocates that there might be a reflex increase in the discharges
of parssympathetio nerves ,during body surfaos oooling, This appoars
to be of paramount importance in the responss of the dvodenim and
ilem to envirommental cooling. B8ato (1935) had earlier shown the
importance of the vagus nerve in the rveponse of the gastro.intestinal
trect to eavironmental ocooling. He obtained mn inhidition, instead
of the ususl enhancesent, of gastric motility after vagotomy, Yago-
tomy has also been shown to 0ause a greater fall in cloacal tempere-
ture (Cacioppo and Bevilottl 1946) ma well as golonic temperatures
(Stupfel and Beveringhaus 1956) en enviromsental cooling,
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intestine to Ilﬂ.ﬂr-ntﬂ. uulhg It 18 however dirficult to
Eive a quantitative assessment of the role of thess mechanisms in
the response of the "core area” to envirormental ssoling, since
their blockade lsaves the sotivities of the wympathetis nerves
uninhibited. The reversal of the responze of the @uodenum and the
complets blockade of the ileal response after vagotomy may be con-
tributed to by s further inhibition of susculsar activities by the
increased gympathetioc activitles. Bven then, it i not very diffiocult
to see that the duoodenum and ileum depond very much on cholisergic
pechanisas for their response. Thias may also be trus, to some extent,
of the large intestine whose parssympathetic activities, though mot
completely blocked, showsd evidences of asctive participation.

It is difficult to say which of the cholimergic mechanisms 1»
being blooked by stropine or vagotomy. There iz the posaibility
that what 1s most sotim in one reglon may not be so important in
another regios. Wright et al (1940), for instance, showed evidence
that vagsl stimulation augments the segretions of the duodenum bud

sot of the 1leum and Jejunum. Sinoce aotive vagal participation bas

(PR demonstrated, {t my Just be partinent to sampect that oms of

the mechanisue of the duode
1y 1sbeing seoreted 18 still unknowen, It may inelude

nal response ia lnoreassd seorvtlon,

Fhat emast
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| ‘In the case of the {lewm then, may be the greatsr perceatage
r~ -rmuumm-umwm-mm—-
L besides ssoretion,

The responss of the tomach has been ahown to be immune to
cholinergic blockads either by stropise or vagotomy. It was only
influenced slizhtly by bretylium sn? s combimatfion of bretylium with

*r atropine. This perhaps means tihut the sechaniss of the gastrio

| response to environmental cocling is not much susceptible to choli-
nergic and sdrenerglic dlockade. The response may well be & secondary
responss to inoreased sold production, which is 1tsell influenced by
the histamine releassd fros the surfsce of the body, om cooling as
was postulatad by Bisgard and Nye 1340.

In spite of bretylius, atropine, vagotomy and atropine with
bretylium, it haa not been possible to abolish the temperature diff-

betweon thess various regions of the gastro intestinal

erentials

tract and the aorta. This means that besides suscular, secretory

nanisms (whioh was reduced to nil in the present
ghanisss which are of primry importance

and transport mec
work), there are other =9

{n the maintensnos of this high gastroeintestinal temperaturvs. These
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in the sucosa and what bocomes of them during body chilline,

The present work lends a olear support to the comelusion of
Donhoffer et al (1962) that "striated muscle is meither the only,
nor the primary source of thermoregulatory heat production, and
that under conditions of modaratsly increased hnat loss, the intermal
organs are the most important site of thermoregulatory heat production®,
Considering the very high blood supply to the duodenum and the
faot that, inspite of this, it still hes the highest temperuture
in the abdominal cevity, it might be Just right to conolude that the
duodenum, perhaps produces Lhe greatast amount of hoat per gram weight

in the "ocore area”.
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