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ABSTRACT

Thren Scfles of experlments

the role 'of mast cells, hist

) . : N

nervous system in the respdn

acute cog%gin cattle and sheep.

g

in tne first ‘series of e€X

sheep mast cells were found to b

derais, particularly in associ

the connective tissue surroundimn

. ¢ . .
follicles. dast cells were. more

than the 'deeper layers of thae

the epidermis. The mean nuaber

cross section of the steers

midside skin samples, ffom 1024

\\

upper foreleg and from JMOB

.gteers. There was no-

temperature or fzed intake lavel

in any of the sample sites.

-

in »the second series of

infusxons of compourd u8/80 (Oe 1

not

'bave any ’con51stent effec
cold (~27C) exposed sheep, but
lncreases in heart tate. Subcu

of histamlne - HC1 directly 1nto the

to 1354

significan

‘./\s

were conducted taydetermxnc,:r

amine and the sympathetic
se

periments w}th' steers and
e .distributed throughout the
ation with blood vessels and

g sebaceous glahds and

of peripheral tissues to.

hair -

‘abundant in the superficial

. . \ . ) -
dermis put were nct -found 1in

of mast cells/mm® of dermal

raaged from 729 to 2317 in

in skin. from

td/!

2672 ih ear skin in'the

;nggfect'\of

on the numoar of'maSt cells

experlm?ntb ca:otla artery

to 1 ml/kg) ir S}acg did

t on ear skin. temperature of

did result in

the

pronounced

onvu.cnmental.

taneous?injéttionS’of-500 Jile

ear, resulted an

in

- \a‘?'




b e
increase in ear surface telperatnre from 5.6 to 26.8C.
Prgor.'treatment ﬁvith‘»the_ H 1 receptor bloCking agent
benadryi, (O 2 to 0.375 mg/kg) reduced the dllatatlon effect
of histamine but did not alter\the size or frequency of the
"huntlng respoase" in cold exposed sheep. Higher. dcses of.
benadryl (0.5' to 0.75. . mg/kg) dld not inhibit the dllatory‘
"effect of histanmine. The results suggest that there aay . be
high affinity CHy dllatory receptors. low, afflu;tyv'ﬂl

. ,' . .
constrlctor receptqrs and H2 dilatory receptors influencing

~

the vasculature.ln the ears of sheep.

During tne third series. of experiments temperatures
recOrded from six,'sites on  ‘individuwal ‘ears _ showeid
syuchrénous' rluctuatlons durlng each "huntLTg rssponse"
\\Tntravenous (2 0 mgskg) or dlrect subcutaneous lnjectlons oL

. isoproteranol (100-400 pg) did not‘lnfluence the ear -skin

temparature or . alter the ‘"hunting  response™.  During
. . 5 . - \

exposure of sheeplto ZOC, the’resting plasma concentrations
of adreﬁgiine and noradrenallne were 0.65Huc)ulrauu 0. 46
ing/ml respectlvely fon”the ]ugular vein and 0.05 ngsal arnd
0.33 ‘nq/ml for the carotid artery saPples.”‘After 90 min
exposure to -20C, plasmarcoucentrations of adrenaline angd
noradrenaline were O;1Q' ug/ul'and‘oaeb ng/ml respectively
"fcr the ‘jugular vein and .0.12 ng/ml ‘and 0.66  ng/ml
respectlvely for the carotldsarterj samples. Coﬁcentrations

of aarenallne and noradrenallne in- jugular plasma from thc
. . ,\ ’



—~

intact and sympathectomized sides of the head were 0.22

ng/al and C.16 ngs/ml for adrenallne and 0.98 ng/ml and 9,52

ng/ml for noradrenaline durlng exposure - to -15.8C. ‘Mean
jugular yein- plasma’ concentrations of adrenaline apd

.noradrenaline were 0.11 ng/ml and. 0.56 ng/ml during the

ailating phase ~and 0.17 hg/ml and 0.65 ng/ml duxlng the

constrlctlng phase of individual "huntlng responses" Both .
noradrenaline dnd adrenallne proved to be significantly. -

'greaier (P<0.01 and 0,05)’dur;ng the constriction phase_ of

individual "hunting responses".
. ' - { ‘
i

Severing the cervical sympathetic nerve trunk towa cold

.exposed ear in- anaesthetized sheep resulted in an immediate

increase in ear surface temperature. Electrical s*imulation

of tne nerve caused a decrease 1in ear temperaturs to 3

constant value near freezing. There were large auricular

arterio-venous ditrferences in noradrenaline only at rtimes
< v ) .

‘This withdrawl of sympatke:“““

wnen the ear /tdwperature was decreasing. Tha rzsults

suggest that the "hunting %esponse" in the ears‘of.shéen is’

»due to a teﬁporary Epterruptlon in act1v1ty o:f sympathetlcv

adrenerglc neurons: to the larger blood vessels of the eax.‘

>

soma@osympathetic reflex which causesf;aV_ vz+hdraw1- of
sympathetic 'stimulation to an imdividual extremity if the

cold exposure is noxious enoe;;?\\\\\\_.

vi

stlmulus ’may bh due to a

[ &
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INTRODUCTION

Hhén' facéd with ah acdté cold challenge,homeothermic
aniggi; tave a limited number of responses ava}lable t§
maintain the consfstency'of-their internal temperature. ‘The
internal . témperature of "wérﬁ blooded® animals was
considered by Cannon (1939) ,. té be "Oné‘of the mést striking -
and easily - Observed constants of - the internal_
environmeﬁt,.ﬁ. In order to maintain/~this relatively
constant internai tenperature during”/gzh{e cold exposure_
ﬁammals make use  of behavioral and physiological
adjust&ents. The latter includes "peripheral
vasoconstriction in order to reduce heat 1loss to the
environment. The advantage of reducing\ péripherai blood
flpw -and thérefdre reducing surface temperature can be seen
by examinirg Fournier's Law of heat flow “as presented by

Kleibe; (1975)

AN

where:
g = rate of heat flow from an animal per unit tinme
L ='thermoconductive thickness of fhe,insulating layer

A "= heat condﬁctivity of insulat%ng layer -



Tb= temperature of the core -

~

_st\temperature of the skin

A = surface area .
AU -
It can be readily seen that, 1in order to maintainﬂTb

constant in a condition where Ts is decllnlng, any® fa tor
, ; :
sucn as a reduction in skin blood flow, which serves to

decrease » or to increase L w1ll reduce the magnitude of q-

>

ebster (1974a) notes that in the-exfrémities (which‘he
defines as "those parts of the head and' limbs which have
little nuscle -or visceral tissue capable of produc1ng heat
in situ"), alteration of blood flow is the 'only effective’
mechanism available' to modify heat exchange; He further
suggests that "the study.éf temperature regulaéion in the
extremities is,*therﬁfore, the study of blcod flow to thése
regions;. Whittow ({§62) using Brody's (1945) formula and
measurement of the surface area of the skin estimated that
the extremities of cattle. constituted 30 'percent of the

surface area  of the»anigél. Thus control of the peripheral .

circulation is gne of the wmajor mechanism of controlling
S | .
! -

heat loss from an animal.

The response of the 'cardiovascular systen to a. cold

. ]
pd

environment can Pé divided into two major respcnses. First,
there are increases in blcod flow to ~tissues with high

metabolic activity such as brown adipose tissue and muscle



’

as measured by Alexander §t al. (1963) in lambs and by

- o

h ]

Jansky and fHart (1968{ in rats. Sébond, there is a
reduction in blood flow to peripheral . tissues .and

‘extremities resulting in ' a functional increase in tissue

insulation as discussed by Webster ;197ua_and b).

\ Although iF is of value for’dnvanimaL‘ to be able to+
reduce blood" flow to  its superficial tissues and
_partlcularly to‘ its °XtIletleS ;to prevent heat loss
(hepster, 197ua), there is a flnlte linit to. the reduc+1on
;Hiéh can take place if the anipal is to prevent its
extremities from freezing‘ at . Sub-zero temperatufes.; For

N\

exanmple, Wilson et al, (1976) have shown that finger skin

will freeze mt a mean surfece temperature of -9,u4cC, )

'A phenomenon which may help to prevent tissue damage
’dﬁe to fieeZing is the occurrence of periodic incfeases in
the sq§face tempera£Ure, the "hunting phenohenoﬁ" as it was
called by Lewis (1930) uho flrst descrlbed the reactlon in-.
colg exposed flngers. oThlS phenomenon has subsequently been’
ex%ensively studled. Hawever, nO'?satlsfattory ’explanaﬁion
ﬂ‘of; the mecheniSm‘ of the~perlodlc rapld increases in bloocd

flow resultlng in rapidg 1ncreases in surface temperature of

the extremities has beenvforthcoming.

The constriction ‘Of- peripheral blood vessels in

response to cold has been attrlbuted to the vasoccnstrictor



. '
< .

‘effect cf noradrenaline released from peripheral sympathetic
nerve oIikbers. It  has been shown (Meyer and Webster 1971)
that the surgically Sympathectomized ear of a sheep, failed

_-ta vasocons:rist whern ,the -animal was housed 1in a cold

' ~

environment of -"7C. However, if noradrenaline was infused

into the anira. during gcld. exposure, the ear temperature
decreased as a result of vasoconstriction.,  Hope et al.

(1976)"also reﬁbﬁted a comstrictiion in the isolated rabbit
A\

ear artery in resfcnse to stimulation of ‘the adrenergic

" sympathetic nerve supplying the vessel.

Several - authors have noted a lack of sjnchrcny of the
"hunting responée"‘in different extremities. Lewis (1930)

reported  that the fingers ' of a (?ooled hand "hunted"

[1o8

ndependently of each cother. GreénfiFld et al. (1951)

reported that the Ecohmencemeht of old induaced

9]

ﬁaSodilatation in an extrémity vas independent of the
temperature ofthe other extremity énd depended only on the
‘length -of time*that\thé hand cooled. Meyer and Webster
(1971)-'repor£ed an ésynchronous;natur; of‘the'fluctuatipns

- in skin temperature of different extreémities in the. sheepi:

~

This independent action of different extremities of ‘the body

v

lead Meyer and Webster (1971) to suggest a local control'of.
. , . - , : _
cold induced vasocdilatation. Meyer (1970) divided the

possible local méchanismS‘ accounting for vasodilatation

ddring the "hunting respoﬁse" into five categor{és: (1) an

\

l
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increase in vasddilatory substance or substances (2)'the
iiberation ‘of a noradrenaline inhibitor (3) a shut off . of
noradrenaline (4) a- decrsase im tissue -sensitivity to

noradrenaline or (5) any eomhiﬁation of (1), (2). (3),_(0).:

B4 ’ .o

humerous naturalry cccurlng constltuents -of the  pbody

are known to have_ vasodllatory propertles elther through

their direct action on vascular smooth muSc;e or through

their abiiity to preveht the cohstriction activity of

sympethétic‘nerves, Many‘or'these_ constituehts have ,bceh

proposea fdsf the ‘caheative“‘agent . of vesooi;at10n~ under

various c1rcumstances. Hurley and Mescon (1956) and - Nelms
. , /

(1963) réported a direct chollnerglc'lnnervatlon of arterlo-

venous _ anastomoses while" Dutf 2

fet

“al. . . (19%3) had
érev1ousxy reported normal cold 1nduc°d vasodilation‘ in a
fully_ atropinized = finger. Thls latter observatlcn would

seem -to rule out the likelihood of  an 1nvolvement ct a

cholrnergrc',v dilatory: mechanism. '5Bradykinin caus:s

"dilatation-‘ of . human veins and resistance  vessels

Xarterioles). Kontos "gﬁ al. (1964) fouhdﬂbrady*ipin
infusiut into the OLearm (ZS‘pg/nln) 1ncreased :bloo vfldu

to “the hand while uo Pg/mln was~requ1red ‘to incredase ‘blood

flou in the forearm. Mason and Melman (1965) reporteo :a‘

- constriction of short duratlon folloved by a more sustalned

s A o

ﬁglatatlon in the forearm ‘in response to sudden i 7 ctions

They concluded that the dlrect'

-~
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, ™
“effect of the drug on the systemic smooth muscle both

forearm arterial and vascular beds were similar. Collier et

al. (1972b) reported that 4-128 ng/ml bradykinin produced
4 . ~\

dilatation inf ddréal hand veins . i~h had either been
constricted with noradrenaline or >-hydroxytryptamine.

During the initial stages of céld eprsure (OC)€of the hand
. Cuschierri et al. (1970) found the venous kininecgen level
rose, indicating to them that in the iritial constriction cf
the blood vessels thgre was a~ decrease in _the normal
kininogen utilization at the cépillarf‘levei.ih fhe fingers.
Plasma concentration -of kininogen decreased during the
dilatation phase of the imhersion of the habd in cold water
ingicating a releasé“ Ca _kinin in this pﬁése. They
c&néidered this to0 be evidence supportirg Armstrong's (196°%)
"hprtheSis of'cold‘éétivqtion of the kinindgenase p%ecﬁrso;.
That is, during the cold constricted phase the lowering cf
~ the plasma temperature"legds to an ihcrease in concentration
| of the aét;ve kininogenase @hd "hencs the generation of
kinins. such as 'bradykinin. The ihcreased kiniﬁs,. beiﬁg
‘asodilators, ‘cause an opening of the arterio-véppus

aﬁastomasés, increasrpg the blood flow, washing auay the |

i
|

" _kinin and 'allouing ‘the entire process to repeat itself.
Howéver; these authors did not consider the possibility that
a coqsiStenQ\outflbw of kininogenase may have been diluted

by the incredsed blood .flow to the tissue. Mashford and

Zacest (1967) found, however, a decline in the output of

v



bradykinin in the venous flow from the hand during immersion

/
/

in cold water, a resﬁ;t which they.tock to indicate *hat
bradykihin was not a mediafor of this response. Also, in
the rat, which displays cold induced vasod8latation in, the
+ail (Helstrom 1975), and‘in the rabbit, in which thé ears
"ﬁgsplay the "hunting response" aa'SHOHn by Harada and Kanno .
(1975), bradykinin'appeafs to bé a vasoconstiictor in  the
peripheral vasculature. Rowley (1964) found that ihjection
of 0.62 ml Qﬁ a HO‘Pg/ml‘solufion pf bradykinin adjacent to
a cutaneous vein and artery in rats caused a ccnstriction cf
the vein within 5 to 15 s with a return to norral diameter
'in 5 to 6 min;v A similar partial.constrictioﬁ'of the artery
‘Was notgd. Eabbin and Guth (1968) fodﬁd by direct
observaticn, of the wmarginal ear artery in the rabbit thaf
0.08 to 20 ng bradykinin caused a reduction of abou£ - 20
percent ip the vessel diameter in both intac% and den=rvated
anesthatized rabbits. Thus theiposgibiliti tHat\bradykinin
is thé active 1oéa1 dilator in the '"hunting résponse" is
still in doubt. T
. : I ‘ |
ProStaglandins (PG) may fit two of Meyer's (1970)

categories in that PGE, and PGE, have bezn shown by Hedgquist
l

1

(1569, 1970) to decrease the overflow of 3 -noradrenaline
from the feline spleen after nerve stimulation. This lead

him to the hypothesis that PGE locally wmobilized by

2

sympathetie nerve stimulation may counteract further release

Y
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Bf- noradrenaline by a negative feedback mechanism thus
‘exerting a braking ‘effect on the neurceffector system.
Hadhazy \gg al. - (f976) found that«ﬁGEl prodhced a dose
dependént‘inhibitiqn of t.e cpnstrictor respoﬁses tO0 nerve
stimulation of the isolated g%rfused tabbiv ear artery.

»

Prostaglandin E2 didr not affect the response to
noradrenaline and 1t markedly reduc.d the stimulaticn
induced felease of 3H-noﬁadrenaline from atterieshlihcuba£ed
in 3H;noradreﬁalineo They concluded‘from thesé studies that
the action df PéEl was jto prevent the release of"
noradrenaline frcm its stbrag: Tites. Kadowitz et al
(1971a' and b) . found that~PGE2 reduced_the vasdccnstrictor
“:espdnses in the hind linb of the dog to intraarterial
infusions of ncradienaline as weilhas.to nerve stimulation.:
Greenberg and Sparks (1969) found that PGE]_and PGA lcauééd
relaxation of isolated'venogs,smpoth‘muécle taken ZIrom “the
hind leg of the dog.. Hedwall et al. (1970) found that

PGE ;did not cause dilatatiorn in the isolated hind paw of

the(‘ dog but  -'did pf%vent constriction due. = nerve
stimulation or to noradrenaline infusion. They concluded

that the inhibition of constriction caused by PG.‘él was nct
associated with nor directly dependent on the direct dilator

action of this PG.: Daugherty (1971) infused PGE; 'into the

isolated skin and muscle vasculature of the dﬁglé'forelimb

witn an intact nervous systen. He suggested that PGE,

.produced an active vasodilatation as. in his experiments

\
I

|



. .
under a constant flow PbE]_caused a dilabatlon of the blood
‘vessels . which could ﬁd% be éttrlbuted to passive distenticn
of +the vessels due to an increase in flow. 'However, as vthe
nervés' Qere ;ntact it could not be determined whether‘this
reséonse was a withdrawl of sympathetic constrictor activity
or'a>direct ‘response on the . smooth mnuscle. During an
exaﬁinationi of the effects of PG on the uterihe.circhlaticn
of t ¢ dog, Clark éf al. v (1970) damonStrated that intra
art¢r1al 1nfu51ons of low rates of PGE (100 ng/mln) reduced
the vasoconstrlct;ng response to noradrenallne admlnlstered
at 0.1 -and 1 ~Pg/min. . (vasoconstriction) and to low
frequency stimulation {3dz) . is both response to
"noradrenaline and stimulation were depteﬁé&é, Clark et al.
(1970) suggest tﬁat in the éaﬁine uterus PGEj has™ a post
junctionai effect cn,ﬁh?/response to sympathetic stimulation
of the vasculature. ” Kadowitz et al. (1971a, 1972y
suggest that in-the hind paw of.the dog the action of ?Gﬁz
is -Prejunctional and serves to fascilitateithe release df{
noradrenaline while in the hindlimb PGE, significantly.

{
reduced &esponses to both 1ntraarter1al noradrenallne and to

nervous' st1mu1at1on. QKadowltz (1972) concluoed that Punz
caused a postjunctional depression of the response to
catecholamines. However in spite of the fact that PG appear
to be able toiaffect the consiricfion-of blood vessels in

~response to sympathetic stimuli at both prejunctional and:

“postjunctional sites ‘there 1is at prese%t no evidence to

-~ i
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indicate whether |[PG's are involved in. the "hunting responsé"

of cold exposed extremities. ¢
. ' . AN

Q: The intermediates of the Krebs TCA cycle have also been

suggested as possible vasodilatory agents bj Frohlicht
{1965) ngever, Haédy _and Scott (19€8) felt t£at the
vésodilator acton of.each‘iﬁdividhal component was weak, and

only if these effects were additive would 'a measureable

dilatory response ke se=n.

.Accumulation‘ of ;atecholamines within a tissue mighp
havé a négative feedback effeét temporarily reducing the
rei@ase of noradrenaline from the -nerve endings.( Hope et
al. (1976) found that infused noradrenaline (0.5 and 5
pm) ighibited t:ansmitter release 1in isol;ted rabbit ear
arteries in b :h-the noradrenergic transmitter stores were

labelled with 3H—noradrenaline. Sancers énd Toss (197%),
' . \

4

found that intraarterial' infusions"of' noradrénaline and
dopamine markedly attenuated the mesenteric vasocohstricto:
Lesponse to periértérial'nerve stipulation in anesthatized.
‘éats. . Steinsland and Hieble (1978) reported that Gopamire
~ injected at\ concentrations ranging ffom 2 to 1000 nH 
 produced a ,concentration ' dependent inhibitiﬁg’ of the
,constrictor responses of the isolated perfus?d rabbi t} eér

j
artery to brief pericds of nerve stimulation.

Irixi_andlﬂales'(1976) suggested that increases in skin

1
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temperature of anesthetized rabbits may béfaue to temporary

decreases in activity of - the sym: - thetic vasoconstrictor

-

nervee. They observed spontaneous oscillations in ear skin

+emperature which were acconmpanied by. "inverse changes of up.-
- SpatEt . .

to. 90 percent in the electrical activity of the
' pdstganglionid nerve twig accompanying one of the

..A .' ‘ )\

retroaégzcular arteries" in anesthetized rabbits. ~Whether

this mechanist is involved in the "hunting respcnse" remains

\
to be determined. »

ES

A  number of authors have reported a change in vasculer
conssriction with lowered tissue tehperature.‘ Nagasaki and
Carlson (1971) found that decreasing the temperature of thé
‘blood from 40 to 20C in a perfused ' rabbit ear with the
auriculér nerves‘ intast ?aussd\ an increase in vasculsr
resistance. | Further cooling to 10¢  decreased vascular

resistance in warm acclimated (25C) rabbits. They suggested .

that Fhe creased vascular res%stance yith lower blood
temperéturé ay have,6 rLeen due , to ‘the “cold blocks.of
\sympgzggzis\gjrves“ asArepqued-by‘Reite g; al. (1966) or
// to decreassdl sensitivity éf the vascular smooth nuscle to
roradrenaline in the cold. ‘Millard aﬁd Reite (197%)

however, using the isolated perfused leg of the domestic

duck ( Anas boscas ) have shown that peripheral veins will

\

‘constrict im response to noradrenaline at temperatures as

low as 2C. However, the dose required to <cause the

»

@
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constriction was quite large (1-5 Pg).

Histamine has long been considered a possible regulatcer
of the cir \_ tory syétem as shown in the early reports of
Bayl%ss (1902) apgd Lewis (1927). More recently revived
» interest 1in hiséamine ac a neuromediator came about when it
Qaé.:evealed that certain peripheral _vasodilétaticns could
ke biocked by gntfhistamines; Tuttle (1965) found that the
hypotensive response evoked by stimulation of a narrow zone
dorsal to the hedian raphe of the posterior hypothalapus was

Y

accompanied by an increase in blood histamine concentration.

This dilatory response ~could be v prevented by'

-

chlorpheniramine maleate an antihistamine. Atropine, which
caused a similar systemic dilatation, was also not effective
after the antihistamine. They suggested that acetycholine

might be responsfblé for the liberation of HAistamine which

then produced the dilatation. In the isolated but

~dener’Vated hindquarters of the dog, Beck {1965) found that

the antihistamine triplenamine reduéed the reflex dilatatdon

induced by intravenous injection  of adrenaline and
o

noradrenaline. He proposed that the active compdnent of the

reflex-. vasodilatation was mediated by neurologically
p . .

.released histamine. Although ~ Brody (1966) was unable to‘

'detect an increase 1n hlstanlne outflow into the Dblood wof
dogs. durlng reflex, dllatatlon he was ablé to demonstrate an

‘increased outflow of previously taken up 1‘C-hlstam1ne and

LR SRS
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its breakdown product methyl-t'4C-histamine during the reflex
dilatation caused b; infdsion -of adrenaline and
noradrenaline. Blood concentrations of methy%—l*c-histamine
wWere aléo found to significantly increase in the acéive
_/ﬁilagation phase following éection'of the lumbar sympatnétic
¢hain. These  results are ‘also suggestive of .the

participation of histamine 1in the active porticn c¢f reflex

vasodilatation.

|

%\\\\] Histamine responses are considered to be mediéted by at
least two receptor sites (Hl, Hz)rthe first»of which was
definéd as Hl by Ash and Schild (1966). The prcduction of
H2 feceptor inhibitors (Black et al. . 1972) added further
stimulus to the investigation <cf ‘a possible role for
histamine in the control of the vascular systen. parsons
and Owen (1973) utilized burimamide, the first ofl-the Hy
blockers to Dbe dé?eloped,j ta demonstrate both"fi and H,
reéeptors for \histam?ne in the vaéculatu:ef‘ o£ the
anesthetized ‘daq, cat, andirabbit. In the isola;ed‘éar of
the rabbit ’they found that activation of Hy récéptors
appeared "to cause a éonstrictiow while activation of Hy

v u
receptois appeared to cause a dilatation when. activated ty
€exogenous histamine. The préSence of ‘goth types of
receptors was also réported‘in the vaséulature Qf the dog by

pPowell and Brody (1973). In addition, Powell and  Brody

(1973) found that +the dilatation Of the éerfusedvgracilis
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i

. muscie of the dog could be reduced belcw that caysed by

1
. . L]
Lorenz et al. {*1973) found that the Hl blocking agernt

mgpyramine, an H blocker, when burimamide was also given.

dimethindene maleate and the H2 blocking agent metiamide

diminished the hypotensive response to theA histamine
released from mast cells by Chemophor Fl in spite of an
dlevation of piasma histamine in response to -Chemophor El
before and after_»the .metiamide.. Glover eg él; ' (1572)
found that the constrictcr response to histamine oy the

isolated rabbit ear artery became a dilator response when Hl

'receptors were blocked by mepyramine. This, dilator response

may . be blocked by burimamlde cr metiamide. These authors

ther=fore suggested that these blood vessels .conld contain

both. H l.and ) receptors having opp051te responses tp

histamine. On the other hand, human temooral arteries
y ,

showed no increase in constriction in response to histamine.

However histamine produced dcse dependent reductlons in the

‘ conStrictor response to noradrenallne._ This action of

histamine was unaffected by mepyramine but was antagonized
by burimamide and metiamide suggesting to these authors that

human temporal arteries contained only Hz' receptors.. Thus

, €vidence ex1sts for the participation of histamine in

modulation of the Vascular re=ponse to noradrenaline as we}l

"~ as for a direct-effect of histamine on the vessels.

o

. s
N » .

The source of the histamine acting on the blood vessels
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is still a matter of debate. However, the above results of

Lorenz ‘gt al. (1973) show that histamine released from

rast cells is capable of reacting with receptcrs in the
vascular systenm. Selye +(1965) has présented anatomical
evidence tor a close association between mast cells and
blood vessels. Mast cell numbers have also been shown by
leBlanc and Rosenberg (1957a) to change in rats in response

i

to a ccld envircnment. These observations suggest the mast

!

»

~cells, through histamine release, might play a role in the

"hunting response'. Thus a number of agents in the animal

body could be. responsible for the dilatatior of  the

sympathetlcally constricted blood . vessels of .the 'cold

exposea perlphery that is "hunting".

\ Blcod .flow to. the periphefy‘during acute cold .exposure
is related to‘the furctioning and pocsibly no‘the survival
of human beings. Livingston (1974) suggested that an
increased constrictor tone of the . fingers of military
personnel during short termn (2 'week) <cold exposures cCn
arcfic exercises might affecf their ccmfort and dexterity.

In agreementruith this suggestion Bensel and Lockhart (1974)

reported that the early onset of cold induced vasodllatatlcn

in the hands appeared to be asso\aated . 1+h an initially

\
|

superior performance and a. cubse@uent 1nfer10r performance

of spec1f1c manual tasks with 1n&reased duratlon of uhole

body coollng. ‘The control oﬁ\perlpheral c1rculatlon may
\ o4

P
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also be related to the overall survival of anieals,qr humans
when facqg with a sudden cold exposure. Greenfield et al.

(1951b) Heré able to demonstrate that emersing che hands
.aloﬁe in ice water would cause a decline in the oesophageal
temperature frém 3€.5 to 35.95C in as fe; as 8 min. The

temperature did recover slightly to 36.1C but remained lo?//

for the duration of the trial. _ g

.Therefore, the importawnce of tho control of peripherai
circulation to human "and animal function and survival in the
cold has lead to continued cesearch in the area. "Helstrom
(1975) reportgd cold igduced vasod'latation in the tails of

\ A : ,
rats housed at 23C and tested in § chamber at 3€C when the

- .
tails wWere exposed to ccld water. Reite gt g;z (1977)

. \
concluded from studies oa the feet of domes+1c ducks that

~ .
the failure of the tissues to respopsdA’to adrenaline and

. . \ o . .
poradrenaline in “the «cold was the cause of cold induced
vasodilatatioh; They reported, however, that they were able

torproduce constricticn in the cold (4C) perfused foot with

infused.noradrenaliné‘(0.1 Ag) .

\ Thus altholigh many vasodllatory nechanisms occur in the

'body, some'. "which have ©been ‘'shown to be potentlally

, 4 »
1nvolved in ﬁhz bunting response, nO totally satlsfactory
explanatlon of the dllatory phase of the "hunmting response"
-has beén éresented. Therefore the present study» was
undertaken to furthét'investiQ%;e the "hunting response".

'-<
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The three major aspects of this study were to binvestigaté
(2) the distribution cf mast cells as.a possible sdhrce of
histamine in cgttle and sheep skin, (b) the poten{ial rplé
of histamine as a dilating>}gent in the skin of sheep and,
(c) the role of the sympathetic ﬁervous system 1in the
control of vasocoﬁstricfion and vasodilatation 1im the

Q

peripkeral skin of sheep.

(a4
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Chapter 1 - Mast Cells in the Skin of Warm and Cold Exposed
Cattle

LITERATURE REVIEW -

'ﬁSelye S (1965) defines a mast}-cell as a "connective
tissue elemegt which fossesses —cytoplasmic granules that

stain metachromatically wunder ordinary conditions".,/ \These

cells were first characterized by Ehrlich in 1879 \%é;>ye

1965) who recognized the tendency‘of the cells to be located.

.around blood vessels, nerves, and glanaular ducts as well as

~

in lnflamatory and neoplastlc foci.

@
Prolongedc cold .exposure in man- (LeBlanc et al

1960), imn hedcehogs (Harma and Suomalaihen”1951) and in‘rats"
(LeBlanc and Ekosenberg 1957a and LeBlanc 19€é3a), has been
shown to cause an alteration in the number df~mast cells in

the pe€ripheral and central tissues. - These authors did* not

B

establish a functional relationship of . this change irn rumber

. L] [ -
of nmast cells to their possible function in the animal's

Lesponse to cold. However, mast cells contain  substances

with vacodllatory actlons that could concelvably be involved

‘in . the vascular ad justments made by an animal in its

response td cold exposure.. . Some oﬁ these ya$oactive
. ‘ _ \

compounds 1nclude histamine,“ which is present 1in the mast

cells of alﬁ species "thus far 1nvestlgated (Selye, 1965),

seratonin, | which is present 1n the mast ‘cells of rats and

o

I o ‘\

mice 4Bende;t et al 19€3), and dopamine; which 1is
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present in the nast cells ef‘ruminents ‘felck et: alse
1964) . “ T R S
Histamine Jevels have been found to inerease in - fa£s
~during cold exposuce. Hlstamlpe excretion rates tend t&
parallel changes 1n past ceLl numbers suggestinguythat Amast
eell function may be 1nfluenced by cold exposure (LeBlane
and >Roseﬂberg 19Eja).v The  effect ‘\df histamine on
esympabheticdlly ccnstricted vessels has eeen reéently
investigeted l by:' Steins;and and; ‘Hieble (1978) . who -
demenstreted ' thaél his;aminelv ptoduces a concentratlonv
dependep‘ lnhlbltlon of the constrlctor respon ﬁ,df the
isolatea car artery of rabblts to brief intermittent perlods
f sympathetlc stlmulatlon. Carroll and Neering (1976) have
also“ shown 0that hlstamlne causes vasodllatatlon in rabblt'.
‘—ear‘artetiés constrlcted by noradrenalzne. Klernan (1975)
found that the dllatatlcn of ear vessels in rats in response
to tissue injury can be suppressed by depletlng the mast
cell granules uith' the . mast cell ‘degranuiator;“ compoupd
u8)80, priet  t6 injury. Rethschild gndAOIiveria Antonio
.h(1§71)’foued that noradrenaiine,‘and adrenaline igjected
,intravernously 'inﬁo' rats or coldv exposure (10 mir at 8C)
causea aite:et}ons in "tﬁe_~m0r§hology :Qf mesentetic masﬁ(
ceiis in rats. These authois deseribed these alteratioﬁs»es

"remlnescent - of that inddbea by the 'potent synthetic

hlstamlne relea51ng agent, cdmpoun@,ﬂB/BO," and intefgreted

Y



'K
this finding  as Support - for a role of mast cells in

modulating the; effects of excessive sympathetic pressor

R

"

activity. ) .

L

Although im some species there 'is evidence for an

[

alteration of\mast cell numbér in the skin during - cold
- exposure, the funcﬁional significance of this change is not

clear. Since histamine is a vasodilatory substance, it 1is

possible that mast-cells could be involved in the process of

cold induced vasodilatation and, therefore, play : role. in

) .
>

prebenfing. fisSue ddmagg during cqld' ekppsure. ”The
objectives of the following “study ‘were to determine the-
nﬁmber and diétributionA of wmast cel;s"in skinu Sémple
séctiohﬁ of caft}e ana shéep by inducing \monoamine
fluorescenéq)by exposuré_ﬁo .paraformaldehyde to test the

hypothesis - that cold environments will induce a change in

mast cell numbers in the skin, o

)
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MATERIALS AND METHODS ‘

Expefiment 1+1: Fluorescent Observation of Mast Cells in the

i

Skin of Cattle

1. Experimental Apipals (Trial One)

In experiment 1-1 two trials were conducted to
\ .

investigate the distribution and number of mast cells in the
'skin of,.Cattle exposed to a warm (20C) or a cold {(-15C)

environment. In trial one five fmixed breed, beef type,

three year old steers (40% Angus, 35 % Charolais, 6 to 19%
. ' ’ ' ’ .. . ' : N
Galloway, 4 to 5% Hereford and 0.1 to. 0.8% Brahman) were

‘used. Three of these animals had'been'uSed‘in an experiment

to measure the effects of drinking water temperature c¢n

various ruminal parameters during cold exposure. The se|
- : \

three animals  were ”stanchioned ‘on rubber mats in. a\

. temperature cbntrqlled room 3.2 m X 2.9 m, at -15C for 4 wk \

pfior to the collection of ‘skin samples. They were fed at a
1evelﬁ9f 150% of the QRC (1970), maintenance reccmmendations;
The raticn ’copSisted of 50%>pelletéd sun-cured alfalfa and
50% rolled oafS»on a dry matter basis. The steers were fed
at 0800 hours and 1745 hours daily. ?ifﬁeen litf;s 6f wat%r
were available fd: 5 min to the animals within415 min of‘the.
morning feeding.~‘ All morning rafions included Bloat Guard
(Salsbury\Laboratories,Kitchener; Ontario) fed in_ amounts -
according to the -panufacturers recommendatiéns. Cobalt
iodizéd salt was available to the steers at all times. The

.

-+
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remaining two sSteers were maintained indoors inta 3imx 3m
pen with sawdust bedding at approximately 20C. They were
fed at. NRC-(1971)'maintenance levels with water and cobalt
iodized salt blocks available .free choice. Ali:animals were
.housed at the tetahblic’ Research Unit,} Edmontdn' Research
Stétion,fthe Uhivetsity cf Alberta. |

2. Experimental Protocol (Irial One)

At the conclu§icn' of the 4 wk cold exposure t: ‘skiﬁ
samp;es Qere takéﬁ from each anim;l,vone' from the lateral
surface of the ieft upper fore-leg at a point level with the
‘chest - and la second from the 1eft.mid-§ide at.abcut thebsz ‘;
position‘of Do;ling (1955). ihese ‘samples were taken by
.means of ; Hcaring devicé described by Neweil and Bowland
(1971) fér obtaining backfat sample cores from pigs.  The
device 1is essentially a cprk borer constructed of stainless
steel with a beveled cuéting edge, - driven by a -0.65 mm
electric arill (Black and Decker Variable Speed B-202-5
Deluxe 1/4 inch 'Drill, Black and ’bécker Manufacturing,
Brockville, Ontario). It removéd'a ciﬁcular‘Skin samble 1
cm in diameter. A stop ring on the'coripg deyice-was sét so
that ths cutting edge descended until it jdst‘ﬁenetrated t he
internai side of tﬁe skin as.judged by the small pcrtion §f
loose ccnnective tigsue or subcut;ﬁeoug muécle“found_on the

inner side of the sample, a depth .of about 8 mm.

Se ;les, were immediately transferred to disposable

¥
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fissue- coutainers‘(ZB mn x 5 mm) (Lab-Tek Products Division
cf Mﬂles Laboratories Inc; Napeyville; I1linois) and frozen
~in 1isopentane, coéléd ﬁy liquid ﬁiﬁrogén. The £issue
samples were theﬁ prepared -as follo?s fori.eyamination as
described by Cottle = an Nash (1974). Tigsue sampﬁes Qere
. N '

'fréeze éried for 4 dei an Plson freeze drying apparatus at
-35C and a préssuge of less than 1 x 10-3 torr.  Dried
ti7éue tlccké were ekposed to parakorﬁal@ehYde-for 2 h> at .
80C fcllowed Ly embedding in bqraffint under vacuun.

Sections (10 pm thick) were cut and mounted on“ slides ‘HhiCH
kad been sparinéiy coated - with Gurr's glycerine albumen ané

dried; The paraffin was removed by dissolving with xylene

and the sections mounted in paraffin oil.

Flourescent histochemical observations wvere made with a

‘ ‘o
leitz Ortholux R microscopé with - a BG12 filter (4.5 mm
thicxness) at the U.V. source and a barrier filter of 530

nm.  Photographs were taken using Kodak R pcta DL film 1S3
rating 160, in & Leitz automatic camera. The micrcscope was
5 : . )

adjusted to allow sufficient bright field 1light to .obsérve
cther histological structures in addition to the fluoreécing

mast celils.

<

Mast 5cell§ were cocunted by observing the resulting 35
mm photcgraﬁhicwslidé of five independent sections of the
63x  magnification on a Singer Caramate-projector, model "L1-
880-6  (Singer :Edﬁcation Diyision, laqch%Ster, N.Y;);: »A
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transparent grid, 12 cm x 12 cm, ruled in;o;Z CR X 2 cm
squares vas taped on the face of the projectbr such that onee
~edge ot the grid lay along the junctdon' line Dbetween’ thev,
epidermis and the dermis. The fluoresc1ng mast cells which
fell béneath the grid wvere counted.  The numberw of mast
cells ‘failing within this area uae converted- to mast
cells/mm2 of cross section area by dividing ’the number ‘ef

mast céils counted by 0.074 as the a;ea.beneath the 12 ¢cm X
12’cm grid -represedted 0.074 mm2 in the eissue.x For
1llustrat1ve purposes plates were made from selected typical
.35 nm slides.’ All plates were produced by Northwest Colour

Laboratcries, Edmontcn, Alberta.

1. Experimental Apimals s [(Irial TwoL

] —— e ——

In the second trial, <kin samples .were taken frce
sixteed' 1 year ‘0ld mixed preed steers purchased from an
“crder buyer,. thus, tkeir eiac% breeding was unknovwn. They
appeared to be‘of painly Heretore breeding. Eight df these
animalé.uere‘held outside.duripg the winter. The average
temperature ovei a two week period prior to skin sampling
was -5.9C. Tﬂe remafhing ~eight steers were-‘maintained_
indoors at approxlmately 19C. The animals vere managed and
fed four dlfferent feeding leveis as descrlbed by Gonyou
)
(1977) . - The feeding levels were 1, 1.3} 1.6 and 2.0 times

maintenance. ‘The eight steers.inside were "housed imn . the

Metabolic Unit, Edmontcn Research Station, the University of



Alberta. Each animal had 5.1 m2 of flocrAspace. Water was
/févaiyable ad libitup from automatic ‘watér'fbéwls; Peeding\
took place at appro*imately 1330 hours dail§ in individual

ﬂ@ . pens.(é.é m2) adjacent'to the main pens. All cattle inside
\ and outsiae, were bedded withv wood shavings. Bedding

material was provided whenever necessary to insure clean dry

bedding afeas.

The outdoor animals were initially . képtv’ at- the
Ellerslie Bull Testing Station of the University of‘Alberta
at Edmonton, Alberta, in pens providing 8 mzfpér steer. A
roof cpvéred 65% 'of eacﬁ pen and ptotec{ion ftom'tge wind
was provided‘ﬁy nearky structures with thé exception of

¢ winds from the west southwest and the 'east rnortheast.
~-ndividual feeding stalls were providéd., wéter was

ailable ad libitum from heated water bowls.,

on day 99 (January 20, 1976) of. the feeding trial beihg
conducted simultanecusly with this work (Gonyou 1977) aAfiré
destroyed the facilities housing the outside ~group df
cattle. The animalslﬁére then moved to faci;itiéSj at . the
Edmonton Reéearch Station of the Departmeh{ of Animal

i Science of the»bniversify of Albetta at Edmontbn;. Alberta.

Heré; the.éens provided 80 m2 per animal with a roofed area,
wind pgoﬁection and watering faciiities similar to the
initial fens. Hood shavings were again used as bedding.

2. Experimental RProtogol (Trial Tuo)
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- Two skin samples were taken per aninmal, oh February 27,
1976, one from the,leéding édge of the left ear at a point
about 12 cm from the. point éf attachment of fhe ear to the‘
.head angdg a second.from‘the niddle of the leff side about the‘
52 positi§n of Dowling (1955). » The former was ﬁaken bﬁ '
means of an ?ar“knotcher of fhe  type commonly uséd to
identify pigs aﬂd the latter by means of the coring device

'

described in the first triai.

Tﬁé Biopsied pieces of tissue wefe prepaiéd for
'fluores;ent-micrcécoPy as described qu the first trial.
Photographs were taken undér_brigétfield illumination using
KodgkR Zxta DL ﬁilﬁ, RSA rating 160’id a Leitz autovatic.
.camera‘ or in some cases _with a Leica'micr¢sccpe caﬁera
(Efnst leitz, Welear Germany) . The field photcgraphed was
selected such that the epidermis uas‘eﬁident in the field.
The micrdséope was then changed to the fluorescent mode and?
t@ék séme 'fleld' rephotdgraphed. Whén the Leica camera‘was
uséd, prightiield exposures were in the ofder cf 2 fto.\3 s
.and.fluorescent exfposures were in theiorder:of 2.5 min. For

illustrative purposes plates were made from selected 35 mm
- 3

s

slides. All plates uere\“?roduced_ by Nofthuesp Cclour

b -
latoratcries, Edmontcn, Alberta.

i

_,Mast\ cell ﬁounts were made by the same procedure as
"described in trial One except: that a 10 x 10 cm grid ruled

into 2 c¢m x 2 cm Squares was used on the caramate screen.
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~

This process was repeated on five independent sécfions frem
each sampling site. . Since the 10 x 10 grid representea-
0.0079 mm2 of the tissue the number of mast cells in fﬁe
grid area was converted to mast celis/mmé of tissue Ly
dividing thé number of mast cel®s counted by '0.0079. The
number of mast cells/mm2 of tissue cros% section ua§

analyéed‘by analysis of variance (Snedecor and Cochran-

967) . ' l
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Experiment 1-2: Fluorescent Obserﬁa;ion of the Mast Cells in

the 5kin of Sheep

In order tc compare the number of mast cells in the
skin of sheep with the skin of cattle, samples were obtained

from two sheep.

Two Suffolk ? Scuthdown crossbred wethers,‘rumbers 59Q
and 595, weighing‘ 4.7 kg and 39.1 kg, respectiveiy were
‘usea. Eoth animals . were housed in metabollc cages, 52 cm by
15u cm, Hlth solid flberglass 51des, an expanded matal floor
and dexion frame (EKedi Rack Industries, Hamilt'on, ‘Ontarlo),
77 cm akove the flcor. The animals were unable to turn
around, however, they were free to srand or lie and move
abdut tWwo steps backward or forward. Animal 590 and 595
vere hcused at 0C and 2OC, respectively,’ for 2 Qk in a
temperature ccntrclled room at the Metabolic Research Unit,

Edmohton Research Statlon, the University of plber*a.

Both wethers wers.fed a mainrenauce ration including
salt and.minerals but no salt blocks . wiheral.blqcks’uere
‘available to the animals. Feed and ~ater were. avaﬁlanle to.
the sheep bctween 1400 and 1600 hours ﬂww\y. The sheep were

4

maintained under constant light.

(4
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2. Expsrimental Protocol

On the day of the experiment the sheep were removed

~
-

from their metabdiic cages and killed by injection of a
saturated soluticn of magnesium sulphate into the jhgular
vein. Skin samples (about 5 mm x 5 mm) were immediately
excised from the 1left ear and the left mid-side over tge
ninth to tenth rib. These sémples were érepared for

fluorescent observation as described in experiment 1-1.
_ )
The mast cells were counted on individual sections from

i
o

-the tissue samples as' “described in the second trial ~f

- experiment 1-1.-
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RESULTS AND DISCUSSION _ ‘ ‘ -

Mast cells appeared in definite distribution patterns
throughout the skiP seétions of sheep and cattle; They
covld Le observed throughout the dermis althbugh fhéy
appeared to be mostly located in the papillary Lgyer-(i.e.
f:om the epidermal dermal junction tovjust below thé» hair
féllicles). The number'of man cells progressively declined
towards the deeper (reticular) layers of the dermis. They’
appeared as brightly fluorescing yellow points due to their

dopamine content. No mast cells were found in the epiderais

6§ any of the skin sections examined (see plate 1).

\
4

Plate 1 shows a typical cross section (217x) of skin

taken from the upper leg of-a cold exposed (-15C) steef‘win

N

éxperiment 1-1. ._The \derﬁaﬂ epidermal juhctibn is eviqént
toward the upper left corner of the photograph.ﬂ'The stratum
corﬁeum‘can ba seen Bn the outer edge of the epidernmis
slightly pulled away frcm' the rest‘of the section. EFour
hair follicles éut in longitudindl or oblique sectiqns ére
evident. Mast cells appear to be present in groups (R) or
in linear arrangeménts (B) in this plate. Mast \tells were
f;eduently' observed -adjacent to the structures of the skin
such as the sebaceous glands, hair follicles, ‘and sWweat

glands.

In plate 2 which 'is also a cross  section of the



Plate‘l:

Plate 2.

/.
» X

Fluorescence photomlcrograph of a skin section (217x)

from the’ upper Forellmb of a cold exposed (- 15¢)-

steer (Trlal one). The epidermis is at the upper

left. ; o

2

(A) Mast cells arranged in group

2

(B)._Llnear arrangement of mast cells

(C) Mast cells aojacenthto a blood vessel

\

Fluorescence photomlcrograph of a skin section

(217x)s
from the upper forellmb of a cold exposed (-1sC) -
steer. (Trial one). _ ; .

(a) Mast cells surroundlng a tubular structure cut

in longtltudlnal sectlon (probably an arteriole

T or artlo—venous anastomos1s)

-
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extremity skih of a cold exposed (-15C) steer ‘the definite

1

patterns of the cells is evident. - Of particular

~.

% is the area at. (A) in which ths

_mast cells appear to sufrognd a- hollow, curved tubular

interest in this -

structure cut in longitudinal ‘section. This is probably a
‘ o o e TN ‘
cutaneous blood vessel (most likely qn artericle cr arterio

venous ianastomosis, judging from its diameter\\ of

approximately 20 pm).

)

Plate 3 is a cfoséiséction through the lag skin (217x)

- ) . . . ;
of a warm exposed animal with less bright field illumination
tnan plateé 1 and ‘2. In this plate there are not only mast

- B¢
cells, but also fine lines of fluo;esceqce (A) which are
probably adrenergic nerve fibers. Again *+ he mast.cells' are
not spaced at ramdc -kfoughout the section but can be seen

in aggregations. (B), circular’ patterns (C), and linear
v ‘ . . . V4 PP
~patterns (D). Of particular idterest are the three cells

seen at E in plate '3 which  appear %o-.have“ fluofescing

processes extending from thef%‘“mﬁ, higher nmagnification'
(546x) of this area is seen at (A) in Plate 4. Thes ells
" can be seen to surround a smalifcircular objecf, pt . oly anm

artefiole Or veanule " cut in cross section with a slightly
fluorescing luqiﬁal surface. Thé broce§éés éx;ending from
the.,masi cells dén be segnnto alamost surfound the véss§l;

'Agaiﬁ, in\ihis.photoéraph the fine fluoreSCing linesi of
adrenergic nerve 'fibers can He seen (B)} SeQeral»fibers‘

!

I
i
L. |
N i '
I

|



Plate 3:

Plate 4:

\\
\

Fluorescence photomicrogréph of a skin section (217x)
| o = |
from the upper forelimb of a warm exposed (20C )

w
steer. (Trial one).

(A), Adrenergic n?rve endings

(B) -Mast cells arrahged in a group

(C) Circular arrangement of mastjéélls
(D) Lineaf arrangement of mast cells

(E) Mast cells surrounding a circular structure cut

'in cross seaction (probably an arteritle or

venule) .

!

Fluorescence photomicrograph 6f a skin section (549x)

ffom the upper forelimb of a cold exposed (-15C)

-»

steer.. (Trial one).

() \Mast cells surrounding a circular structure |
. \ . o Fy ‘

(probably an arteriole or venule) cut in cross
section

(B) Adrenergic nerve fibers

(C) Varicosities of-the adrenergic nerve fibers
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'show prominant vericosites (C). The area in the lower right

\

hand cornér of fhe/ﬁigure,may be part of .a hair follicle

sheath  but, it isddifficult to identify weth’certainty the
. B A ‘
structures réceiving adrenergic inervation. The structure

at the lower left hand cornmer of fig. U4(D) may be a muscle

bundle or errector pili wuscle . fibers with adrenergic

innervation (C).

Plate 5, thﬁf is a. brlght fleld photomlcrcgraph (549x)

of a sectlon frcm an ear of a steer kept indocrs thr0ughou+c

" trial two, is taken relatlvely deep -within the ear as the
central supporting cartilage‘of the ear appears on the right

hand side “of the plate. Of the four blood vessels to the
- \

' - R : VL
left of the cen%re, one has a smaller lumen and a -‘thicker

wall than the cther three, suggesting one artery and three

veins, This would perhags suggest'evideﬁce for a counter

turrent,heat_exchange met@a@isﬁ in the deep blood vessels of
‘the. ears of cattle. This“ebSeratidh is 1nvagreement with
Goodall and Yang_'(195u).buaose diagrams ﬁiﬁepict ~ close
aPPOSlthn of 'arteries and veins“and%éwﬁe report widely
dlstrlbuted venae comltes throughoutvthe"skin of 'hyrshire

4/

calves and embryos.

N
Y
oy O

Pilate 6 shows the sageﬂ[area’ as plate S under
fluoresCénce NiCLOSCOpYe. “The fluorescence due to

sympathetlc 1nnervat10n canﬁbe seen surroundlng three of the

blood vessels and traces of the 1nnervat10n surrounding”the



N

. ) B 4 o 'é'
vlate 5: Brightfield photomicrograph of a skin section-

. (549x) from the ear of a warm exposed steer

show an artery and three veins (Trial two).

a

Plate 6: Fluorescence photomicrograph of the same Skiﬁ
section (549x) shown in plate 5 from\the>ear;of a \
o
_Wafm éxposed steer showing the adrenergic nervé
endings surrouﬁding the vessels. 7(£Eial t@o).
(B) Varicositiés on the adrenerqié"nerves c

-
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fourth can also be distinguished. The vericosities on the
nerve can be seen in the brightest flhorescing area of the

lower right blood vessel (A).

: {:‘L‘
W L;«)f . : .
Plate 7 is a photewicrograph (549x) of a mid-side skin

N
.séction of amn arinmal iuhich~ﬁgd been kerfgt 6utdoors‘during
tri;i two. The epidermis appears at the upper right hand

, 3 )

f@émargin of  the picture. of particular interest is the
inverted U shaped figure (A) which has been outlined with
dotted 1lines. This éppears to be a longitudinal section
fhrough‘a’tﬁbulan.shaped structure. No hair follicles are
seen in the section, thus it if unlikely that the tubular
struéture is a sWweat gland or sebaceous 'gland duct as
.penjém?n (1971)Cfound these invariably associated w%th hdir
follicles in fhe skin of cattle.‘ It probablf resptesentg a
pértion cf one of the tortuous blood vessels found withih
tAeAskin as descriked b; Montégna and: Parakkal (1974). The
majority of the mast‘\celis in\ plate 8, a fluoreécence
photomicrcgraph of fhe sémégﬁéction shown inyplate 7, can e
seen to bé located around;éﬁgﬁbloqd vessel (A). .Thié agrees
with the cbseryations of LeBlanc and Rosenberg (1957a) and
Selye (1565) of-other species in which ékin mast cells weré
obsefved to be frequently located close to blood vessels.
In the wall of the vessel, there appear to be adrenergic

nerve fibers with varicosities. However, these appear very

- faintly. The diameter of the vessel is approximately 20 pm



Plate 7: érightfiéld photomicrograph (549x) of a mid side
'skin section of a steer exposed. to aﬁcold environ-
men t (Tfial two). Zpidermis at thslﬁpégfhright.
(A) Longitudinal section through\a~“horseshoe"

shaped‘tubulartstfucture (probably a blood

vessel) outlined with a dotted line.

Plate 8:vFluoresceﬁce photb%icrogfaph (549x) of a mid side.
skin section of a steer ‘exposed té;a cold environ-
ment (Trial two).

(A) Lonéitgdinal :ectibnﬁthrough a "horseshoé.
shaped” tubular structure (p#bbabl& a blood:

ivessel) surrounded by mast‘cells.

- v

~
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and therefore probabXy represents an arteriole, venule or

arterio-venous apastomosis. ‘

The number of mast cells in skin from the,mid-siée»aﬂ?
the extremity frcm the five cattl utlllzed 1n trlal a

. - . 3\)
given -in Table 1. No statlstlcallym51gnlilc@i

(P<O 05) exlsted in the numb&r of ‘mast cells
, g o

extremities and the, mid-side or betjéen the cold and warmtuj

exposed animals. The lack of statistical sfgnificance in

this @bseiﬁﬁtion may have been due to the small number of
g e .
‘ | _ . W, :
samples available for observation.

The number of mast cells/mmz Cross sectlon area of skin

for trial two are given in Table 2. Again no®  significant
* L0

differences were found, due to indoor or .outdoor housing bf.

fhe animals or to tLeir plane of nutrition. MaSt cell
ﬁumbers were higher in trial t@o than in trial dng. This
difference is'likely due to the fact’ that in t?ial two . the
area counfed did rot extend as Heeply’intoithe detmis w@ére‘

the number of ma3t _cells is less as shown in Plate 9.

The results of these experiments suggest. that 'cold
exposure 1in the breed of cattle examined does not alter the
mast cell numbers in-the skin of the trﬁnk or extremities.'

(1960) and in rats by LeBlanc and ROSenberg (1957a).

LeBlanc (1963a) reported an increase in abdominal sﬁln mast



\ | .

Table 1. The mean number of mast rells per mm2 cross—secﬁion

of "skin mid side of warm and cold exposed steers.
Experiment 1-1, trial 1.

Cold

: (-15C) Warm
No. of animals ,° 3 ‘ 2
No. of.mast cells/mm%g - \ .
Mid side “ 926 729
Leg “ - 1354 1024
set ] o . 93.2
\\ \\
- — :
Standard error of the means. R

1

N

\
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@@ate 9:

i : .
Jorescence photomicrograph of a

f‘ixcor,l-the upper forelimb of a cold
AN . -

steer. (Trial one). Epidermis at

photograph showing the decline in

numbers from the more Superficial

layers of the dermis.

N

skin éection (217x)
expose’d - (-15C)

the top of the
mast cell

to the deepeg
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cell .concentrations from 84 ¢ 20 cells/mm2 to 134 + 12
celis/mm? in rats .exposed to é3C and 6C  for 2 vk,

‘respectively. Abdominal skin from rats exposed to 2C for 4

wk were found to have a mast cell concentration of 124 + £

~.chls/mm2 in*;the' ear skin of these rats, the number of.
mast cells decllned sllgntly from 31 ¢ 5 cells/mm2 to 23 £ 6

cells/mm2 after 2 sk at 6C and to 13 £ 3 cells/mm2 after 2

LR
Col

wg at ZC.’
. In experiment 1-2, four independent® ﬁsections wers
~ . . . ] .

' -counted from each of the tissue samples faken from both

4
. B

sheep. _The Anumbef‘ of mast‘cells/lmm2 per cross sectional
area were 634 t 535 for the ear'and 684 + 376 for the ria-u
side of sheep number 590 housed at 0C and 654 # 23 for the
_ear and 337 % 73 for the’ mld-SLQe . of sheop ~umber 595,
housed at 20C. The data inéicate-that the colé environmenfi

may.have increased the number,of.mast cells in the mid—side_l
of the cold exposed sheep, however, a greater number of
sneep would have t6 be studied to arrive at def1n1te~
conclusions. \Nc apbarent difference existed in the mast
ceil numﬁers in: the extremifies.. &helnumber of mast+ cells
found by the 1fluoresqent‘ technlque was smaller than that
found ih(experiment 1-1 fer cattle. bnt still 1argerA fhan.
ithose reported by'-LeBlane ana-ResenBeré (1957a) in rats.
The number of mast cells in $his study is not . consistent
with tﬁe report of; vegad (1970) who observed by means cf

i

.. . T
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e

R

Liechman's Staining technigue (Culling 196?)

hat the number °

of mast cells was less in sheep than that seen ) by -him ir

\ .
A ~
|

rats and mice. However he did' not state a specific number

-

for mast cells in sheep, rats Or mice. He also stated that
mas¢ cells in sheep were. dlfflcult to stain. Perhaps he was
able ;to only staln a certaln percentage of the population

thereby under esﬁlmatlng the total populatlon.

The larje number of ‘mast cells in ruminant tissue

(>330/d2 skin) observed in the Present-study confirms fhe

A\
studies cf Coupland and Heath 561) who reborted 534 ¢+ =y

cells/mmz in the capsula hepdtis of cattle compared to 55, g

t 7.6 cells/mm2 for that 6f the ‘horse. Kiley and Hest

(1952) prov1de t he only cther counts of mast celﬁs in the

ear skin‘of;cat;le. Unfortunately the mast cell ccunfs are
given Fer “mlcroscope fielgn» whlch was undeflned maklng it
1mp0551tle to ccmpare the number glven with the number founa

in thls work.
L3

" Since the number of mast cells in the skin ofl cattle
and sheep is large to begin with, the lack of an 1ncrease in
the number in the~eytdoor group of cattle and in the cold
exposed cattle agnd sheep ‘does not necessarlly/mggn that mast

cells have no function in the response O£ cattle and' sheep -

-.to cold. Mast cells were Observed in close proximity to the

blcod vessels of the skln and in greater numbers towards the

more supertlc1al layers of the skin. These facts siiiyst a

\ <

A

-



.-

relatlonshlp might exist between mast celi function, theng
env1ronment of the ‘anlmal ant the perlpheral blcod flow. .
There could well. be changes in release of" mast cell i

constituents without a change in mast cell numbers. Since /iﬁu“ .

fhe mast cell numbers in sheep were almo<* as large as those /

A

seen in cattle and because of the cons1derably greater‘ ease

I 1

with whicn sheep can be utilized tor 1nfuslon experlmentcu

sheep were utilized in the experlments reported 1in Chapte

N 5?)
two and Appendix 1 to determlne a phy51ologlcal role /f

/

histamirne in ccntrol of blood ﬁlou with particula: reference

to cold.
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o

’Chapfér"2h; Effects of Histamine, Histamine Releasers and.

Histamine Blocking Agents on Peripheral Blood ‘Flow and Skin
Temperature.

b

LITZRATURE REVIEW °

-]
N

Physiologists have been interestéa in ' histamine's -
potent vascular effects and hence its possible participaticn
in the control of the car@ib&ascular system almost since the
first laboratory synthesis of histamiﬁe Tby “the
decarboxylation of histidine by Windaus and Voght in" 1907
(Dale and Laidlaw 1910,.‘ In tﬁé ffrst\descri;tion of the
phafmacological actions’cf'histamine Dale and Laidlaw (1610)
reported that it was a vascular dilator in the limbs of dogs

. 7 ¢ :
and cats. ‘It has not been corclusively determined whether .

endogenous ﬂhistapiné participates“in the control of the

~ . .

reripherdl circulation in conditiofs where tissue traunma

—

does notr exist. Evidence exists that histamine, possibly

from mast cell origin, may play a role in the «ccntrol of

peripheral circulation., Selye (1965) notes "the well known

tendency of MC ' (mast ceilS)“ t£o arrandge themselves in.¢lose
contact with the walls of small blood .vessels", In éheep
4Vegadt“ 1970) and in cattle (Ch@pter one of this thesis)

mast cells have been repbrted in close proximity to blood

'QesSels. Riley ard West (1952) identified mast cells as a

major erdogenous scurce of histamine in cattle, pigs, and

rats, by correlating the = number of mast cell with the
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histamine content of the tissues. .Andefsbn and Uyggs (1975)
used autoradiogréphy of rat peritoneal mast célls labeiled
by 4incubation 'Hith 3H-—histidine to locate histamine within
the cytoplasmic electron dense granules characteristic cf

mast cells.

Coméound | u8 /80, a condensation proddcf of 'p
metﬁoxyphenéthyl—methylamine - and formalin, .which is
effective in producing maét cell degranulation in various
species including éheep {(Vegad 1971a and,bp, has been widely
used to investigate the effect of mast cell histamine‘ on
blcod ‘vessels. K§ernan (1972) démﬁnstrated thati
vasodilatation occu;red concurfently with degrarnulation of
mast cells at ﬁhe. site 5f‘ an injury. He found this
vasodilatation in the ears 'of rats could be supptessed
(Kiernar 1975) if“ the: mast cells had pr;viously .been
depleied oﬁ granuleslby,compound 48/80. Howlgnd andepector‘
(19#2) found thét‘ éhe specific més§ ~cell dégrénulation
S o . o ,
compound 48/80 markedly reduced the h;staminé~éon§ent of rat
vascular tissue and concluded éhét,such Qigfamin?'was stored
in the @mast cell. on ~the other @ahd Adaﬁsfdnd thgins
(1976) found .that compound‘u8/80'did not enhance the‘losszof
radioactivity in a rabbit aorta pﬁeviouéif, labelled with‘
1sC-histamine. This finding may be: quéstidned as they
r?moved-the connecti?e tissue surrounding <t he apfta uhiéh,

may hayé contained the majority of the mast cells. Thus the
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source of the histamine that may be ipvolved 1in vascular

reactions is still a matter of contention.

!

Urinary and tissue histamine levels have been shown to

'respond to envircnmental temperature. An increase in mast

cell numbers in hlbernatlng hedghogs uas reported by Harpa
ang Soumalalnen (1951); an increase in some tissues and a

decrease in others . was comﬁ@rn? gln man by LaBlanc et ale

(1960) and in rats by Leplahc wnd Rosenberg (1957a and D).

.,y

These ehanges in wmast cell numbers have been shown by

L

LeBlanc (1963b) to be cpncurrent with an' increased urinary

_histamine excretion. Fujieda (1975) has found that acute

cold exposure (-10C for 60 min) ~causes an 1increase in

.Q - -
histamine content of the rat liver, where as no change wes

\\\~iound in the pinpa of the ear oOr in interscapular brown

\

. \\
adipose tissue. Chronic cold (5C for two weeks) bowever,

caused a marked increase in the ‘histamine content of the

brown-adipoSe . tissue, a mo@efate'increase in the liver, and
| ' 1@’ Lr M ¥ "

a decrease in the ‘pinna of the rat. The possible

relationship’ of these cHenges‘invhistamine cortent to the

Il

1ncreased blood flcw to these organs in a cold environment

as shown by Evonuk and Hannon (1963) in the rat 11ver and Lty

: ‘lexander et al. (1973) ‘in lamb brown adipose tissue was:

—_

not dlscussed by Eujleda (1975).

s L.
Cold exposure also "alters an arimals , response to.

_exogenous histamine. Histamine (32.4 mg/rat) injected into
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<
150 g rats exposed to 21C, but prev1ously housed for 28 4 at
elther _6C or 28C, resulted in a decline ih rectal
"tehperarure (Lehlanc and Rosenbérg 1957b).’ Tﬁe decline in
the group housed at‘GC-for 28 4 was less than that in. the -
group ‘housed at 28C 'suggesting gb LeBlanc and Rqéenberg
(1957b) that cold exposure diminished the reSySnse \of .the
animals to histémine. LeBlanc ¢1963c) also found that the
blood pressure drop in responso to injected ,histaminé-.(0.1
pg.. to 5 0 pg) declined over the first three months of cold
exposure (6C) and then returned to normal by the end 0L one
year. The&e esults lndlca:ed,to him that there may have
been d decllne lu_tﬂe vascular senéitity to histamine during

o

the first three months of cold. exposure when Uurinary

-

histamine was at its peak.

Catecholamines released from the sympat%otlc neurons

)nd the gdrenal medulla may influence the release cf

~histam1ne from tissues.. ’Noradrenalire and adr;narlne are. .
both: known to be”éxcreted in the urlne ?ﬁ' rats in ‘lérgér

amounts. in the cold (Cottle 1960, Leduc 1961a ;nd LeBlanc

.énd Nadeau 1961). This increase is also seen in sneep as’
_reported by . WebSter et al. (1969)L'311he"plarma
concentration cf qatecholémineg has also been shoun ;ﬁo be

ihcreaséd several ‘fold ip sheep-during acute cecld eiposWre"

(Thompson gg g;;_\ 1978).__Szilag§i et al.: r'11960) “found -

that adrenaline injeCted into the .saphenous vein in
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normo£hermic dogs:  elevated plasma histamine .concentration
Frovided rectal temperature did not drop below 2#.5C.
CoppoLa and . Di Palma (1962) found thaf noradrenaline
injected intEavenCUSly also 1increased the blood lévél of
histamine in dogs. Tuttle and McCleafy‘k1970) repoftedlfhgfi‘
stimulation of the sympqthétic‘ nerve to'- -the ‘ isdfaﬁéd1 ‘
perfused gracilis muscle of the cat inéreased the 5ﬁtfi6;fc£fi
radioactifely labelled histamine from the muscle. Thqé ihe"“
increased sympathetic activity which occurs during bold”

exposure may serve to increase the amount of histamine

~

released from tissues cf a cald exposed animal. .

It is not,knpun whetner the source of ihe- histamine'

N /; 5 W
released 1in respck

to catecholamines is the mast cell or

some other cell tyge. Whelan (1956) could not detect ‘aq

-incteased outflcw of histamine during the vasodilatation of
.a cold exposed hand. He felt that this\may have been due to
the'insensitivité cf the bio;ééay available at the tiie.

Hoxever~he\di& conclude that if hista&ine did participate in .
vasodilator actions it‘ must be formed within the cells c¢n
which it acts (thé'muscle'Cellslof the blood vessels) ani

that these cells must be impermeable to antihistamine

. ~

substancés as the aptihistamines.known at that timé» could

not ‘gompletely ‘abolish blood flow responses to exogeﬁous

histamine. \
\

\
\

.0n the other hand,'evidepce exists for a source of

-



‘it was a less intense manifestation of the same mechanism.

. " 55

: N
‘histamine outside of the smooth muscle cells of the vagu lar

system.‘ Rothschild and O0Oliveira Antonio (1971) reported

thit sympathetic nerve stimulation, édrenaline, and

~noradrenaline injections and exposure of rats to cold

(8¢0.5C for- 10 min) all produced an increase in - the
proporticn of "altered" mast cells. This alteration of the
mast cells was not identical to the . degranulation they

observéd in respcnsé to compound 48,80, however, they felt

They also found thatqi¥édrenaline was capablé of releasing

histamine from isclated mast cells. ' The ability of

<

noradrenaline to release histamine was not investigated.

‘They also found that adrenaline could produce the same type

71of> altered Ymast cell, a Lesponse that could not be groduced

by:isoproternol‘ an amine acting solely on B teceptors and

- which céuldw‘be  blocked by d sfapatholytic agents. ThiS

suggeSted‘to them that an o. type receptor existed on  mast
cells. They - suggested . a role for mast cells in

counteracting the effécts of "excessive sympathetic pressor/

@ .

. activityw, “Heine_'and‘Porster (1974) state on the basis of

3

. Sy L& . L.
observing “the termination. of the most delicate endings of

postggngliqnic~ reurons in the cytoplasm of mast cells™ that

‘mast cells are ccnnected to the autonomic nerve -endings.

Thus mast cells may alsq_ be a sourgé  of tha dilator

PN
-

histamine neleaSed,by catecholamimes.
. . . / =r
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A pqrtion of the éarly difficuity in invest;gating the
physiolcjicalh'rcle of hist&ﬁine‘stemmed f:oﬁ the ;nability‘
of tne claséiéél antihistamine drugs such as meéyramine and
benadryl to block all qf.the responses to histamine. Folkow

’

t al. ' (1948) ﬂdied:that if small doses of histamine (0.5

1]

pg)  wWere given to cats “and dogs, neodntirgan (1 mg/kq)

Bl

completely blockéd the vasodilatory te§ponse. If hogever 5

Apd _of histamine was éiven, 25 mg/ki 6f the antagqnist,did,

not reduce the vasodiiatory responses They proposad on - the
basis of these observations two different recegptor sites for
histamine. . Cne recergtor site at which ths classic

antinistinines comgeted 'with histamine and one site at whic

they did not. ' Ash,”and Schild (1966) désignatéd, ‘the

respohses to his¢aminé which could be blockediby the classic -
'.antihispamines HIG‘receptocs. .glack et Ql; . {1372) found
that respcnses to histamine in the rat such as ingreased
acid seénetiOn‘ by the stomach 'idcgeased béért rate and
inhibiticn' of - uterine contractidp wﬁich‘ coﬁld POt be
antagonizéd by mepﬁ;émine and other Hy receptor blockers

. ' R s , .
could be blocked by burimamide and mefiamide (Black et al.

R

1972). ThgseAresponses they suggested were due *o a

séqpnd separate  histamine reééptop designated the . Hy

N -
3

1 . N
receptor. These twc forms of histamine receptor. have been
extensively studied in many tissues of the body and in many
species and the results reviewed by Chand and Eyre (1973).
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W (Pouell and Brody 1976b) that neither Hqy bloCking,

57

The availability gf‘ the H, blockers burimamide and

metiamida has lead gojkhg identification of both of H; and

H, types of Ceceftors iﬂ%&%é vascular systenm. Powell and

Brody (1973, 1976a) found’r‘at the fall in blood pressure 1in

4

anesthetlzed dogs and cat=+xas only partially attenuated by

) L, : : R
‘mepyramine. ‘Further treatment with burimamlde +  caused

nearly complefe attenuatlon of the response to histamine.

In the gracilis muscle of the dog burimamide R alone nad no
effect on histamine induced"vasodiiatation\ but further
attenuated the reduced vasodilatation which  occurred after
mepy;amine. In the ‘intact dog intravenous mepyramine

prevented the increased heart rate following histamine but

not the inotrcpic effects. Further administration of
’ \ ) ) I3 ’ . : l . ) A4

burimamide prevented the\ negative 1inotropic effect of

histamine. From these résults they concluded that both

3

reripheral vasculature and cardiac histamine responses were

rediated 'through H and H, receptors. They alsc reported

1

blccklng or a comblnatlon of both modlfled gost occlusicn

‘vasodilatation o;\ post exarcise dilatation. They found

however that both blcckers givén in sequence reduced reflex
vasodilation in the perfﬁsed, hind limb in response to

increased arterial pressure suggesting both receptors. may be

‘involved in this response. The post stimulaticn (of the

sectioned lumbar sympathetic chain) dilatation"of ‘the

.perfused gracilis muscle could be totally reduced by

Hy
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mepyraminé suggesting that only H¥ reéepto;s‘participated in
this‘regponse. In humans, Duff and Whelan (1954) repor;ed
that mnepyramine antagonized the dilatatioﬁ caused by intra-
artériai histamine in the foreérm. ReCenfly, hoﬁéver,
Chipman and Glcver (1976)'amménded the dilatory action o!
histamine on forearm blood flow to includ§\ H2 receptors
which appeared to accounZ‘;;;\th delayed re<turn of véscula
tone ‘to preinfusion levels. Th; constriction of the rabbit
ear artery inirespcnse to histamine has been considered an
H, receptor response (de La Lande and Rénd 1965) which is in
agreement ~wWith Po:%ll and Brody (1976b) who found that the
consﬂriction of the saphenous vein in dogs 1in response to
hisfém;ne cpuid " be completely at%enuated by H; tlockade.
The.diiatory responée which occurs in rabbit ear ‘arteries
afteréathe By constrictor response toihistamine has been—,
blocké&lwas fduqﬁ by Glover et al. (1973) to be greatly
reducediﬁby burimamide and was considered to ibe ar H

: . 2
response. Angus et al. (1977) have identified both H

1
and H, receptors in the hind limb vessels of the rabbit.

Both H 1 and H’2receptors have been\identified.in t he

tissues of sheep. Eyre (1973) found that the histé&ine
iﬂduced relaxation of the bronchi which had previoﬂsly been
reported to be resistant to -inhibition by mepyraminé”i(Eyre

1969) could te blccked by burimamide -and hence was

attributed to H2 receftors. - On the other hand, Brighamv et

. ~
' .
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ala. (1976) found that ;he’gistémine induced pulmonary
edema in Qheep cculd be ehtirely’bldcked by diphenhyaramine;
aﬁ Hl blocker, while metiémide.did not affect the respdnse.

Thus, within the same orgaﬁ of ah animal different tissues
appear to have different populations of histamine receptor
types. Tﬁus differing spooth- muscle_ groups respond

differently to similar doses of histamine.

There aprears to be a relationship between the ability

of histamine to dilate a vessel following Hl blockade and

the mechanism cf constriction of the vessel. Carroll and

Neering (1976) found that the H2 receptor dilaticn response

'to histamine was greater in the rapbit ear artery if the

artery had been previously constricted with noradrenaline
than if it had been constricted by caffesine or barium. This
may suggest a relatioasnip between the sympathetic

constriction of blood vessels and the reaction of histamine

with blood vessels.

\

: | : \ . - |

Heitz and Brody (1975) found that they could block tk
dilatation of the vascular syStem of the gracilis muscle

\

that follows electrical stimulation with ‘the antihistamine

tripelenamine. They found that prior constriction was not
necessary to “elicit this response as the dilatation could
still be demonstrated after. stimulatjon in the presence of

xylocholine.,  This dilatation however could be blocked Ly

phentolamine, an o receptor blocking agent, even though the

\
\
4

\
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ad;energic vasoconstrictor tone was absent. They suggested
frcm these results that (1) the release of histamine fronm
its storage site is mediated by‘an o receptor mechanism in

agreement with Rothschild and Oliveira Antonio.( 1971) and,

-

(2) that the nistamine release may be undér the ccntrol of

adrenergic fibers which do not have a vasoccastrictor
function.

A

Beck»(l965) found that tfiplgnamine;'_an _Hj_vrecéptgr‘

antagonist, blocked the . active component <cf r=2flex

Qasgdilation in the perfused hind limb of the dog'yhich4 had

been = constricted by adremaline or noradrenaline. ‘He

postulated a histaminergic vasodiiafor system which produced

an * active dilatation of wvessels constricted by . the
syﬁpathetic nervous sy%tem. - Brody (19€6) was unable to

demonstrate the release «cf histamine by' the fluorescent

method of Share €t ala “\(1959) during reflex’

vasodilatation which he attributed to the " rapid  and
efficient upt&%e and bﬁfakdcun of histamine by the tiSsues.

He = was, houever;.aole to ﬂémonséfaté'incéeased plasharifc-
.histaﬁiné and l*C—methyihistamine associated uitﬁ the reflex
‘vasodiiatation caused by intravenoué ﬁo;adrenaiine and by
stimufgtion' of._\the 'carotid ‘nerve. These expefiments

demonstrated that isotcpically labelled histamine could be

taken up;. into anatomical ~sites, wnich he was unable to

.

define, and liberated by :neurbgenic stimuli, during ‘thé



‘these storage sites were either the sympathetic‘ nerve

A

active rphase oI reflef vasodilatation. He suggested that

o
v

termlnals - or sites near the nerve terminals. : Thus,
hlstamlne, regardless of 1its sourCe, appears capable of
causing an active dllatatlon of vasculature beds ccnstrlcted

by. the sympathetic nervous activity.

- ¢

The. receptor ‘sites ' that  have been jdentified in the’

o~ ?\

: cardlovascular system undoubtedly play a role “in medlatlng

vascular responses to hlstamlne released by +lssue trau@a cr

.

" ‘injury as descrlhed by Klerman (1972, 1975) in the ears of

. <

,exterhal env1rcnmental temperature.

rats. But, as seeb above, they may also play a role in pon-

'pathologlcal 51tuatlon= as. regulators of +he cardlovaccular
\

system - during malntenance of homeosta51s.. Schayer (1968, |

, A '

'1968) - has suggested that histamine is the "lntrinSlC

)

dilatoff 4o inm what 'he ¢ describes as "“autonomous

. - ) ’ . . o . .
microiﬁrculatory—pﬁtnomena". This theory proposes that ’ the
hlstamlne . produced Ulthln‘ the”:smooth muscle cells by

Dlstldlne aecarboxylase dllates the precaplllary =ph1ncter.

%

Fl§t101ne decarboxylase is-an 1nduc1ble \enzyme as Schayer

N

\-

(1962) found its act5v1ty to be greater in the lungs of rats

and pice housed in a cooler enVLronment (23-24C) ccmpared to
v‘ < : ]

a. Vvarmer (36 37¢). .env1ronment. ’ Thls suggests a

-

partxcxpatlon of histamine; in the anlmals response to .its -
./

v ’ {

In spite  cf _the mounting evidence that histamine can
. N ' n

\ -
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3

N
~ev1dence for elther a. local anesthetic %r

A

cause active dilation of the vasculature constricted by

\ . ' . . ) . .
sympathetic nervous activity, few experiments have been

conducted on the relationship of histamine to the dilatation

of ‘the peripheral.vasculature in the cold. Duff et ala
BRI

(1953) induced dilatation of warm (29C) fingers but not in

cold fingers (0-2C) in" response to arterially infused

bistaniné. They, however, gquestioned  the amount ‘of

histamine being delivered to thdﬁ%diﬁfccnstricted feriphery.

_Oral doses of benadryl .did, not affept the response to

= v

immersing the index finger in celd wvater. khittcw (1955),
- |

however, found promethazine Lhyarochloiide, another oral

antihistamine, significehﬁTy reduced the cold induced

vasodilation and delayed,?he{onset of the responSQ. ~‘Hf‘,h\en

promethazine ’hydrochloride was introduced by iogtophoresis,

an , increase lm the magnltude of co@d induced vasodilation

0-

was seen thCh was attrlbuted to the Iocal aneCthetlc effect

of the drug seen ty other 1nvestlgators (halpern gt ale

c

ﬁ947 andvGreenfield et al. (1952). The decrease in c¢old

 \41DduCed vésbdilatation ‘,eadsed by the ‘oral - dose of

e

fprometha21ne hydrochlorldeauas ,attributed .to the central

depresslcnv effect of thls drug as seen by H}nter (1908) and

-

Glaser'(TQSJ).: Houevex, in these experiment= only one dose

1ovel for each of 'tPe drugs studied was ;eported.k No

.

for a central’

depressionl cauSed by these levels of the drugs was

presented. Schwvinghamer 'ahd'khdais {1969) , found  no
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.
A

reduction in the cold induced vasodilatory response when
diphenhydramine hydrochlorrde (10 mg/kg) was given to

)

anesthetized cats. 30 min prior to cooling the hind paw.

Woods et al. (1976) ,  however, reported . that
diphenhydramine hydrochloride prevented the irncrease in
.bitood flow in the uterus of sheep for ronly 10 min.af{erA its
injecticn. Thus  the cffect of the diphenhydramirne
hydrochlcrlde in the experlments of Schwinghamer and,wﬁaams
(1969) may have been decllnlng by the time cold exposure

A\

occurred. ' . .
N | | |

Thus, inspite of the negatiie resulﬁs reported Dby the
above authors a - number of ﬁoints §§gbe summarized which
-suggest ‘a possxble role, for "histamine in the control of
;perlpheral 01rculat10n in a cold env1ronment; These points
are as-follous' (1) hlstamlne excretlon and tissue mast cell
numbers in ratsllncrease dramatlcally in some tlssues in the
colda; (2) the "vascular system has been shoun to have
specitic recertor sites (designared as H,q and H,y receptorsj
for hlstamlne '3) the perﬁgheral vasculature ‘in; seferél
 species is Caglble of dilating ifh. re¢§$nse to histamine; (u),
\,ca*echo}amlnes, .Khxch‘Aarej released durlng co’d exposure,:

'appear to 1nfluence the~release of hlstamlne, (5) hlsteﬂine

\’ - hY -.\
\ . 4 ) .
‘has been implicated 1n.the rQactivé.hyperemja which follous
catecholamine induced vasocbnstrictéonﬁ  .Therefore,  the
following ‘series c¢f experiments was designed to further:
: . . ,

v
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ix

investigate whether. histamine could induce dilatation of the
peripheral vasculature in cold exposed sheep and whether

histamine plocking agents could prevenf the "hunting
‘ : 8
!

response" in these aniumals.

o



\
\

MATERIALS AND METHODS
Experiment. 2-1: The effect of histamifie blocking agents “on
the ear surface tgmperature of cold expecsed sheep following

injection of histamine-HCl \

1. =‘g_c_;gt—:rimeg_tal Animals | : 5

SRRl meEaesss

Experimeat 2-1 was conducted using one Sdffolk and-'tuo
Cheéviot adult ‘uether sheep Wweighing 87.318 kg} : This
'experiment consisted~éf la total ‘df eight trials, three
conducted with each\éf the Cheviots and two.condhcted witP
the suffolk in which the respbnse of ear‘surface temperature

to subcutaneous histamine-HCl was measured. The ability of

the histamine . ‘benadryl 'adg.metiamide to

: : ‘ Ry ey i . . ‘ S
modiry any temperatw#€.respgp histamine-HCl was also

studied.

The sheep were maintained in an indocr pen at a roon

M A

temperature of approx1mately 20C. 'The sheep each” ‘Consumed,
. :

1000 g of dehydrated alfalfa pellets per day, fed in twq

Y

equal pcrtions at approximately 0800 and 160Qf hours. \'Tﬁe

second ’ porticn of the feed was fed at the end of the trial

~

A » 2 ‘ A
if the trial extended later thap 1600 hours. On the day cf

a\’trial ' the experimenfal'animal uas)gdtkfedvthe 0800 hour

é«
E

s

. . . - e - .'_ ) 1"- . . ) . . . "
Fortion of teed and preparation . of the .animal for the

-~
Py

experimeut began ‘at this time. -All animals were housed at

'the Metabolic Research Unit, Edmontcn Research Station, The

1, W

;Uniyersity\of Albertas

K

/

'
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K

An induéllidg Tygon ? Catherer, (TYgonR microbore
tdbing Norton Plastics and Synthetics Division: Akren, Ohio)
1.0 mn internal and 1.8 anm external diameter, was inserted
through a 12 gauge hypodermic needle into the jugular vein
15 ¢cm in the direction »f <the " heart. The catheter- was

filied \with physiologiéal saline containing 5C0 I.U./ml of

) ~

heparin (Hepalean, Heparin disodium, 10,000 Heparin.
\y . o~ : /' -
units/ml, Harris Laboratories, Brantford, Ontario).

L R | .
Two additional small Tygon " catheters, 0.2% mm-lnner

and O 76 mm external diameter 3. 7m 1ong were prepared. One

N

end of each catheter was fitted over a hubless hypodermic

needle (26 gauge)'which could - be readily inserted through

(' ‘ ¢ ; ) )
the skin- on tine dorgéi surface of the ear. One of these
catheters was filled with freshly prepared physiological

saline containing 0.2 ng/ml Evans Blue dye (C.I. No. -

123860, Fisher Scientific Company, Chemical 'ManuEacturrnd

piﬁision; Fair Lawns, New Jersey);‘ The othér cathéter .was

. . ' ' Sl \.
filled with a freshly prepared solution of.'phvsiological

saline' contalnlng°20 ng/ml hlstamlne HC1 (Lof 8=C 030 Slgma‘

Chemlcal Company St. .Louls, Mlssourl) and 0.2 ma/ml Hvans
bl . ‘)Ax_\ e x R

2N

Blue. Oneii: ox undyed phy51ologlcal sallne Wwas drawn lnto
t

the end of th Catheter to prevent premature contact beéQEenvp

-

o A
the histamlne-ﬂel‘_solutlon and the anlmal tlssue.,afteg

\

inserticn of -the ‘catheter. .Each of the two catheters was



pad
&5

‘wmth slngle layer ‘of adhesxve tape (qO mm X 25 mm). "The

clamped with a small hemostat near the junction with a 50 pnl

syringe to preuent movement of the catheterjcontents ‘during
the installation of ‘the catheters. The ends of the
catneters containing the 26 gauge. hypodermlc neédles- vere
passed via a pert hole into the temperature controlled Loom.

A needle driver was used to insert a catheter unde: the skin

ﬂi‘gi;Surface-of each ear about 5 cm from the tip of

-5 . o ‘ . \;
P : \

A 36\ gauge thermoc,uplejﬁﬁheruo;' mic Canada Ltd.,

:.Brampton; Ontario),yas attached to the"ﬁaj‘orsal surface of

each ear about 5 cm from the tip of the =
.4 ' ’ ' !

. These were

fpositioned so that the junctions ‘lay on the-ear surface

~above tbe tip of the hypodermlc negdle. The thermocouplesw

¥4
1-‘A
s, J

WETLE h d_" place by contact cehent (Wendar Adhe51ves,'a

ldiv;slon' f Le Pages Ltd., Edmonton,‘ Alberta)- and covered

~

' thermocouples u%?é passed from the. sheep v1a a por+ hole to

) #

a v sampllng and recordlng station located out51de the -

temperature ‘contrclled rooq, Boxh“( thermocougles were

attacheo _ either to a . Honeywell Model ‘19 mv Iecorder

'(Honeywell Canada Ltd Toronto, Qntarlo) sek at 2 mv 'full'

-

-';scale whlch used ‘an  ice, bath as a zero referense fcr

-+

’

‘recorder (Houeywell Canada Ltd., Toronto, Canada).

-

callnratlon or a Honeyuell model” 15 mult1901nt temperature~’

A
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/- -
! E
Rectal tempergture . was /monitored’ using - a
/ . '
Telethermometer (Yellow Springs Instrument ~Company, Yellcw

Springs, Ohio). The thermistor probe was inserted 120 nm

into the animals rectum and was held in place by two elastic

”
« \

straps connected to a web strap around the animals thorax.

-

Room temperature was mcnitored- by a mercury in glass

thermometer. This  thermometer was suspended in the

£

temperature controlled room adjacent ¢to the observation-

window.

it e —— S e e e -

®
 In order to install electrocardiogranm elethcdes three

70 mm x 50 mm areas. of the _animals‘ thorax :were closely

Tk,

clipped and the central 30 mm x 30 mnm portlon of each area

was clean shaven. . One. of teLse Vareqs was‘%oh the dorsal
¥

- [} DY

surface of the animal between 60 mm and 120 mm to the right
or left of the sginal column, .adjacent to the fifth or sixth
‘thoracic vertebrae. The remaining two areas were on the

chest immediately behind the left and right fore-linmbs. Tha

\ C . . . N . »
concave surface of the_electrodes in centact with the animal

was 'liberal1y filled with a conductiqnggnhancinq’ﬁel (Redox"

Paste, . Heilett4Packard . Madical ,Electronics, ‘Héigham,

Messachusetts). “iQe electrodes ‘ Wwere heldwein “place . by

-

and secured “in ‘place by wrapping the entire girth of the

e

contact cement and strlps of adhe51ve tape 50 mm x 100 am)
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anlmal‘tuo or 'three tlmesbulth strips of. adhe51ve tape 50 nm
uide.. This insured good.‘contact' vlth',tbe anlmal an@
preﬁented movement of the electrodee;_ The cable'jo;nlng-the
three electrodes uas. pdssed out" of the tehperatere

;contro}led robm through: a port-hole to a samplih§ and

recording station and attached to a Sanborn Model'771UA3

Physiolbgical Recording System (Hewlett-Packard Ltd.,
Toronto, Ontaric) for intermittent recording of the hedrt
rate..

5, Restraint of Sheep During Trials
: ! N

In  order to facilitate the installation oé the
_catheters? Under the ear skrn the(experimentaloanimei_etood
-in a portable reStraining cege with' a head stall which
limited the lateral ‘wovedent of the head to an angle of 140
vdegrees. The " animal remalned in “thlg’ restra1n1ng cage
throughougfthe trial. ' erx'i

6. Experimen

In order to allou the animal tc recover from any stress

N

caused by the 1nstallatlon of tge apparatus thé~door= to .the-

<

temperature ccntrolled rodi\:ere closed "and the sheep left{n

updisturbed f4Hr a sinimum of 30 min at 22 to - 23C prior  to.

the .start .of experlmental measurements. ~The temperature

controlled rood»nas then cooled 1.5 t2C. Once the,

temperatufe had stabilized in the.cool environment, 26 pl of.
: physiologicel 'saline : containing the histamine-HCl was

A

\
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‘injected via one subcutaneous catheter. Preliminary
experlments':‘ | showed thati» ear skin

temperature markedly increased after lnject*on of 500 g~ of
hlstamlne—HCl, but dcse rates ranglng from 10 pg to 200 pg
had no effectxon‘ear‘Skin temperature. Thus the 500 ug dose
rate was used in all trials reportedA herein. Control
injections of 26 ml of physiologicalusaline were similarly

administered intc - the «cpposite five of the

trialse

When the ;skin surface temperature had returned to the
~o

r~~

‘pre-injection level, fcllowing histamine-HCl, an Hl”receptor

tlocking agent, diphenhydramine hydrochloride f(éénadryl,

park Davis and Company Ltd., Brodhvllle,r Ont?:;*
injected at a dose of 0.2, 0.375, 0.5 or 0.75qmg/&§
" jugular catheter, cver: a period of 14 £1.7 min.‘ah eecond
500/pg (2:'pl)‘injecticn or histamine-HCl was made \gust

]

after admlnlstratlon of; be@adryl. -

On two occasions, once the ear temperature had again
, e 4 , ‘

returned to‘ﬁreinjection leuels, an H2 receptor blocking
agent;,-metiamide (N methyl N* {2 (45 methylimidazole-u-yl)
:methylthio).ethyl}ithiourea) (Metamide R, Snith, Kllne' and
French Laboratorles Ltd.,_Heluyn Garden Clty, Hertfordshire,
England) was lnrused via the jugular catheter at 0. 25 or
79.375 mg/kg for 10 minJ ] This was - in 'turn 1mmed1ate1y

followed by a further 500 jng subcutaneous dose of histamine-
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BCl. Rectal temperature was recorded before, during and

after each infusion.

The dilatory responses to histamine' injections

before

and after treatment with histamine bquking agents were

evaluated Dby 'determinihg ‘the max1mum

i

~

4o

surface

temperatures of the injected as uell as the opp051té ear and

"also by determining the areas*zunder the ear temperature .

curves, with a planimeter. Th;\areas under the temperature

curves were determined over 90 min following irjsction and

. . o ’ . .. 4
used as the basis for calculating the percent inhiBiticn  of

dilatation inddted ty benadryl.

The results of experiment . 2-1

statxstlcally byq§maly<1s of variance (Snodocor and

N

were.

Cochran

1967) and means were compared using Student Nowman—Kauls'

test (Snedecor and Cochran 1967).‘,The Student Newman-

test was applied using the harmonic £me

Observations PEL treatment.
. . L I R
" ’ o b K i

Keuls!

an numbper of

analyzed‘
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Experiment 2-2: The Effect of Histamine Blocking Agents on
the duntlng Response in the Fars of Cold Exposed Sheep

. Experimental Animals

Experiment 2-2 consisted of six trials condq;féd 6n the
same threg adult wethers (twe trials per sheep) as described
in experipent 2-1. TRese trials examinéd\ the effect of
histamine\ blocking agents on:the “"hunting response" in cold

exposed sheep,

o

,2. Catheterization

«

An indwelling Tygon catheter was installed in the
jugular vein of ,the xperimental animal as described for
8

experihent 2=-1. "is catheter was pre&ented from fceezing
. [ .

) . .
by the circulating water apparatus of  Hills et ale
. : ) \ )

(1977) . \

3. Tem;g;gtugg Regordlng

—— B - -3 ¥4

1
A 36 gauge thermocouple of the sanme type described in.
experiment 2-1 was ,attached to the mid-dorsal sarface of .

each eéx about 5 cm fronm ‘the tip of the ear. These

tthermocouples were ‘held in place in the same manner as

descrlbed for expezlment 2-1 and passed from the sheep v1a a
port hoie -to a 'sampllng 'adh ‘recorQing station located.
5ut51de° the  témpératu£éf contfoliéﬁ J room. _Sﬁifaée
temperature énﬁw rectal +empetature .'uere’ recorded'lgas

deserlbed for experlment 2-1.

Y Qv“

4\@, a

L]

RAY . o
Ty . )
oL e



u._,Hgart Rate Recggdlng

o ¢ ) = .
The electrocardiocgran electrodes were installed as
" described for experiment 2-1

5. Restraint of the Sheee During Trials

The.animals stood in a metabolic cage as "described in
chapter 1. a companioe wather IStoed ine an _identical
metabolic cage in the temperatute/CDntrolled room about 2-Am
to the left of»the»experimentai/animal.

6. Experimental RProtd

After a 30 min- xe;ovety period the room temferature was
loweréd to approximately +25C. After_approx1mately BQ\pln,
a “hunting:response" uas_;ell established asi&indicated' bye

the temperature,;eeordihg of the dorsal surface of the ears.

\
\
Al

An infusion of 03375‘mg}k§'of benadfyl_waeitﬁen.hade over a
. ' R \ L .
10 min period. In two of the trials, a single infusion of

0.2 mg/kg metamide was glven over a 10 min period about 1 h

after the benadryl. - Thé heart rate and ear surface

\ !

tempefature were recorded before, during anq after'ﬁenadryl
aah metiamide infusicns. Fo:‘ Rutposes ot analysis in
experiment 2-2 mean ear surface temperatures were calculated
~over. 30 min perlods before, ﬂurlng, and after each lnfuelon.
Mean heart rate was calculated over 5 pmin perlods before and
after each 10 min infusiomn of benadryl or metlamlde.' Ear

surface temperature was then recorded for a <further period

{



RS

up to approximately 110 min. At the end of this

\ \
cooler was turnped;cff and the room allowed to warm

- .
~

pre-experimental temperature.

The results of experiment 2-2 were

statistically as described in experiment 2-1.

74
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RESULTS AND DISCUSSION 4 : . ' ' N
- i N ~ 4 N v .

“Experlment 2—1 - S

~ ‘ : N . /

'\‘The data for prellnlnary tflals 1n thCh corpognd 48,80

e N . v

- Was 1nfdsed v1a the carotid attery and; hlstamlneeﬂcl was

1

lnfus;d via sthe carotid artery{ or the jugular vein are

L ’ : . i : -
presented’in‘Appendixf 1« A consistent response: of ear

A

‘surface temperature was not obtained in these trials. It

~

could not be determined whether ‘thé lack. of consistent
response - to compound 48/80 and histamine-HCl in the

3

-perlpheral vasculature was due to a lack of “&fect of these
o 4
compounds on the perlpheral ﬂk5culaturé or vhether“

1nsutf1c1ent quantltles Here reachlng ‘the perlpheral tissue

v1a the constrlcted vasculature as suggested by Duff gt g;g
(1953) for the hlstamrhe they 1nfused into cold flngers.

Therefore subcutaneouc 1njectlons of hlstamlne-Hcl uere used

to insure ;a high vlocal leve%@ of hlstamlne,ln the cold
bonstrictedftisSue., . . A o o ’ - o

| . .
: N

Suhcutaneou= injection. of 10 to 200 Mg .-of histaminerHCl_

1nto cold exposad sheep produced no.change in the surface
temperature of the: injected ears. Oa  the other hand,
1nject10n ofgifolpg of hlstamlne-HCI always produced a large

1ncrease in the surﬂace temperature of the 1n3ected ear as

‘shoun ;n flgs.e 1 and 2, and Table 3. This increase wasxdue

-to . a local ;effect of the hlstamlne-ﬁcl on the peripheral

Id .
- - ~

vasculature as a. 51mllar 1ncrease,'1n tgmperature. was not

. - ° .
v - B M N

AN

h
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Flgure 1 . :
. The effect ofmtravenous benqdryl on the ear .
surface temperature eles(oted by subcutaneous
injections of histamine SHCl .
. 4 )
3
o \
020 \ |
3 .
S
S :
g i o
o 10 -9
; N
Q
‘ R 50
. N time{minutes) :
m;e‘chon. : o
o saline
o histamine-HCl- (SOO}Jg)
A

hlstamune -HC1 .after benadryl(0375mg}/kg)

o
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"Figure 2 N -
" The effect of subcutaneous injection of physiologicgl’
saline or his‘tamivne-'HCl“on ear surch’e temperature-

- in sheep . 0 : |
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. The effect of a subcutaneous injection of 50® ng
of his ine-HCl on the maximum ear ‘skin temper-
-ature (in cold exposed .(1.5+2C] sheep. Experiment
\

a,b

P

1

SE-Staﬁdard error

Maximum Ear Temperaturé (C)
»
._Pre Injection Post -Injection
: Animal Injected Qther Injected. Other . -
Tria; No. ear ear  ear ear i%%g
1 3 . . 4.5 4.5 32.6 - 4.3
co2 2" 6.5 6.6 27.0 6.0
3 3 5.0 5.6 =~ 33.0 8.0
& 'l v N .
‘ 4 2 12.7 © 5.8 . 28.4 6.5
5 1 8.0 8.5 14.4 7.5
6 3 5.2 5.2 31.7 - 5.5
_ N
<3 7 1 1.2 3.3 30.2 3.0
) 8 2 1.9 7.2 17.3 9.1
- Mean L. 5.8 '5.82 26.8°® .22
~ . - :
set 1,3 0.6 -~ 2.2 - 0.7
1

of the meap: -

.

’~~Means with differentvsupefscripts differ signifiéantly
., (PL0.05). - ' o : v
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‘ found@ in ,thel control ear ef :the sheep 1in respense to
lnjectlcns of the same volune of phy51olog1ca£\ﬁ\}xéé Table
'4. Thl-= latter result indicated. that the'nlnute volume of
fluid, 1q3ected did' not cause sufficient trauma tc 1nduce a

vascular response,
Sub@utﬁheous_ injection' of histamine caused slight
B l .
tran51ent increases of about 30 beats/min in heart rate
/

1mmed1ately follcwlng lnjectlon. .There was -no effect of

hlstamlne~on rectal temperature.

o Tahle 5, and Flg. 1, show thwi\the dilatcry’ :esponse
to hlstamlne could be reduce& by previcus Jugular 1n3ect10n
of b.é mg/kg. or  0.37% n?/kg benadryl, an Hl hlstamlne
receptor blocking~agent. Latger doses (0.5 mg/kg) did not
‘appear to have an'inhibitory effect, or‘as in the case of
0.75 mé/kg may have sllghtly augmented the!dllatcry responce
(Figa .3). These results cuggest - that hlstamlne' may ke

— acting on iore-,thanw~oneﬂ51te. There is evidence for-the————
| presenbe of histamine-fecepters.on syapathetic herve‘éndings
as well as the vascular smooth muscle. Mchath and Shepherd
(1976, 1978) were able to show that histamine depteséed the

t

I e . . \ '
. contraction -of dag‘_saphenogs veln strlps in response to

stimulatica. of their symﬁathic nerves. The  evidence

presented for this resgonse being due to a depression of the
e ‘release: of ncradrenaline was as follows:i(1f3contractions

eaused;thactivating the nerve endings eIectrically or . by

e
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Table 4. Tﬁe effects of a 26

A1 of subcutaneous injection of

physiological salirke on the ear surface temperature

)

in cold exposed (1.5-2C) sheep. "Experiment 2-1.

Animal |

¥

. .Ear. Skin Temperature (C) "

Trial No. Pre Saline Post Saline

1 (3 2.9 . 2.0
2 w2 . 5.6 5.6
3 3 5.2 4.4
4 2 5.5 5.5
6 3. 4.3 4.0
Mean 4;6' 4.3

1 0.5 0.5

1

80
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Table 5. The percent inhibition caused by benadryl on the
' dilatory response of ear .skin temperature following
subcutaneocus doses of 500 pg of histamine in cold

exposed (1.5-2C) sheep. Experiment 2-1. '

‘

“ ' - Percent inhibition

Benadryl <‘ " - Number ' due to benadryl
dose . of . ! T
(mg/kqg) » Observatifons Mean SE
,\ -
0.2 2 52 7.0
0.375 3 . 71.8  14.9
0.50 . 2 -1.04 . 0.1
1 0.75 2 -17.0 1.5
1

SE—Sténdard'er:ér of_the meéns.
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Figure3— -

The pércen't mhnbluon in the dllatory response

the ears of sheep to 500ug of subcutaneously

_nngected hlstamlne HCl caused by mcreasmq

doses of benadryl _ g
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depolar121ng Ulﬁh ‘potassium ions were depressed - by
hisfa;}nQ{ contractlons caused by tyranlne and noradrenallne
were unchanged or augmented. (2) hlstamlne depressed the
release of  (7-3H) noradrenaiine followlng ’electrical
stlmulatlon, vhereas the release of radioactive compounds byg
tyramlne were unaffected. They concluded{that the receptor
site Qas of the H' tyge as the H vblocker meiamide inhgbited
tne depression of the coptraction response and the release .
cf radioactive §oradrena11ne while the " H]r receptor
antagonist pyrilamine did not. Also, the contractions due -
" to electrioal stimulation could be depressed by the B,
agonist_ 4 methylhistamine and = were augmented by the Hl
agonist 2 methyhistamine. Westfall (1977) considers 'that
.the potentiation of vascular smooth nuscle contractions .seen
in dogs uith‘&nigher .leuels ‘of histamine are due to Hy
.receptors on the“SﬂOOth muscie_cells.

,

The results of the present ‘experiments suggest that, in .
sheep,*there may be Hy dllatory receptors with hlgh afflnlty.
'for nlstamlne and Hl constrlctor receptors uith‘ low
nistamine affinity. The - former may inhibit noradrenallne.

- release from adrenerglc nerve endings, whlle the latter may

;])be located on the vascular smooth muscle cells where they

. act dlrectly to cause constrlctlon. Low doses ~of benadryl ..

| Nmay ‘have prlmarlly blocked the former, whl’e hlgh doses may "

have blocked. bott grours of teceptors. Westfall'(1977) has

. o . e
\ . .

v/
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indicated that sympathetic'nerve tfansmission is dgpressed’

by lower concentratlons of hlstamlne than those regulred to

‘stlmulate smooth muscle dltectly. Thls suggests that

hlstamlne receptors on adrenerglc nerves may have a higher
\ ; .

aff1n1¢y for hlstamlne (and presumably blocklng agents) than

-

" those on the smooth muscles. In the Eresence of hlgher
doses of benadryl, the dllatory effects of histamiue may
have been caused by actlvatlon of H2 dilatcry'receptors.4 Hy

effects are often masked by the responses of Hl‘receptors,
Yy

Eut pecome apparent after H, receptors are’ blocked. This

: ey & _ , ;
was reported.-by ‘Glover et "al. (1973) in the ears of
rabbits in -which- the vasoconstriction' in response ,'to

\

histamine became a vasodllatatlon in the presence of an Hl

s

tlocker. The dllatatlcn could be blocked by an H, blocker.

On the two occasions when the .HZ receptor blocker
metiamide was given foliouing the H; blocker benadryl, there
was no -further change in the response of the ear skin
temperature to subcutaneous hlstamlne 1njectlon While this
observatign casts some doubt on the dilatory role of H,
receptors, thekxaose rate of metiamide may not nave ‘been

suff1c1ent to block the recepﬁor 51tes.

In other species both Hl and H2 types of hlstamlne
~receptors have'hbeen found to part1c1pate in the vasoular
\responses toﬁhistamine; In the rsolated rabblt ear, Ercan

and Tucker (1975) found - both Hy and H, receptors_for
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\

histamine. 'In this‘case activation of Hl recegters appeafed

‘to cause a constriction of the vessels while activation of

H, ‘rLeceptors appeared to cause a-dilatation of the vessels
' . - P I

after H, tlockade. The present results. indicate that the
dilatation of the vascglature- of the ear in cold exposed
sheep in response to excgenous hlstamlne ma&kbe medlated by

Hl receptor s;tes. "Other responses in sheep have been found

to be 'medi-fi by Hl receptor gites, without the

participatron;: receptor  sites. Brigham et al
\

"(1976) were able to completely block the edema in the lungs”
N | | %' '
of sheep in. Tesponse to hlstamlne ﬁ£4~-

diphenpydramlne. The dllatatlon of the'blood vessels in the

sheep ear being an Hl nediated response is, in agreement with

the results of ‘Eyre aﬁd Wells (19773) ip‘calves wHere H

1

.receptors appear to give.a depressorr nespo%se. In calves

hogever, actlvatlgn of H2 receptors/apparently produces a
' pressor (constrictot) 'response. Further experiments are’

needed - to clearly define the role of Hz'recep{ors in the

- peripheral circulation in sheep,

- ’ ' ’ o
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 the dilatorj'respcnse tc exogenous histamine HCl) into cold

min berore treatment. - These \results 1ndlcate that Vthe‘

- Experiment 2 - 2

. L3
R

The results of experiment 2 - 1 indicated. that’ cold

constricted ears  of sheep ,are capable of dilating in
_ : R SN o : ’

'response to exogenous lccally iapplied histamine and that

A\

this response can ke reduced by the use of an- H; histamine

receptor hlocking agent. In experiment 2 -2 ‘jugular.

1 .
infusions of 0.37% wagskg benadryl (the dose rate fron

experiment 2 - 1luhich produced the - maximum inhibiticng'of

exposeq.(*QSC) sheep did'nbt’significantly affect -maximum;

mlnlmd//or maxxmum minus minimum ear ‘skin temperéture or the.

interval betueen "hunting responses" as shown in Figa. u and

Table 6. There was no 51gn1f1cant increase in heart rates

folloulng benadryl (Elg. 5). Treatment with 0.25 mg/kg

‘

- metiamide dld not 1nfluence skin temperature. 'These resultS'j

\
indicate that the naturally occurrlng "hunting rebponse" in

v

the 2ars of sheep uas not affected by ]ugular' 1nfu51ons of"“

the Hy hlocklng agent or a subseguent dose of an Hy blocklng

°

2

1 -
agent. These’ recult=~ are in agreement with the results

obtalneu by Whelan (1956) for the human 1ndex flnger.g; He

‘

found that benadryl lnfused aﬁ e mg/minvdid not produce a’

dlfference 1n the heat ellmlnatlon records between cold (0--

a

6C) exposed lndex flngers and control flngers recorded J?\

.7actionu of hlstamlne on dl recegtors*ls not the‘mechechanism

“
L3 "
o~
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for the "hunting response" in;fhe ears of sheep. While the
results cast some doubt on the possible ;ole\ of lH2
recepﬁors,  their participation =  in coid induced
vasodiiatation é;nnot ‘5e ruled . out én the‘basié of these
experiments. _Furtﬁé; 'experiménts are needed to clearly
define . the role >of’ Hy receptors in tbe.uferiphefal
‘ciréul;tion of sheep.

i
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‘Cliapter 3 - The Role of tne Sympathetic Nervous System  in

. Vasoconstriction ard Cold IﬂducédIVasodilatation.

Wy \

t

LITERATURE REVIEW I

-

’

, .
e In environments in which the temperature extends

\,

0C exposed tremities will ffeige if additional heat is not

i

supplied as deﬁoggtrated in fin@er skin by Hilsdn et~ .al. -
- (1S76) . This increased heat must be supplied by warm blood
from the intericr cf the animal as the pefipheral tiséues,

pattlcularly those in tails and ears which do not have large

underlying masses of muscle, have 1limited metabolic

capacity. Thus periodic increases in blood flow to the

extremities exposed to freezing temperatures are required to

prevent damage to ﬁhe tissue from freezing yet preventing
1 o 1 i . - )
excessive heat loss to the environment that would result

. . ol :
) » ! N N - -
from continuous blcod flow. This periodic increasing .and

~decreasing of extremity temperature was first .described ty
Lewis . in 1930 as the "hunting phenomenon™ but ncw commonly ..

referred ‘to as the "hunfing response”. The contrcl of the

- "hunting response" is not understood.

-

¥

beloﬁ?

Considerable evidence for thgbconstriction cf the skin-

vasculature  in  response = to noradrenalinel,‘ the

1

neurotranseitter substance  released at sjmtathetic_né:Ve

endings, has been presented .by - Shepherd _ahd'~vanhqu£te 
(1975) . -+ This consttictiqn..is' prdbably .mediated »py; é 

ceceptors on the vascular‘ smobth ‘muscle_'&s, defined Ly
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fﬁAhlquistr (1948). Moser et al. (1953) were able to shov
::that the u blocklng agent dlbenzyllne produced an 1ncreace

in blood flow ofltwo to 51x foldtln the lower extremetle%sofp

1nd1v1duals‘ glven . the. drug vin; a 22 to 25¢C env1ronmentip‘

suggestlng blocking cf an o receptor medlated constrlctldne

~ of ‘the Feripheral circulation.

In._av cool cr cold env1ronment the reductlon in blood‘
. flow to the extrem:.tlec has been attrlbuted to the actlon of
'jthe sympathetlc nerves by Dcnegon .(1921).-v Heltman (1972)

l*repottea that‘vthe o blccker phenoybenzamlne lncreaced skin.

temperature ln cold eXpoeed sheep ( 17C).; Meyer and Webster;;_ie"J

N

(1871) abollshed t he Ccn=tr1ct10n of the vblood VeSSels f&f”’ L

the ‘earp‘on> one '=1de ‘of a cold exposed sheep by surglcal

. sympathectomy of that side of the head.

Two observatlcns.support the concept‘that the "huntlng
 ‘response" is ccntrolled by a 1ocal mechanism rather than by
©a centrally ccntrolled neural®or hormonal mechan*sm. FirSt,.
Greenfleld et a;.‘ (1951a, 1952)-tound that in subjects
_w;th complete nerve sectlon and subsequent degeneratlon cold
vasodllatatlon could Stlll be obtained although the responee
‘was greatly -modlfled. ghe gegree of, dilatation being
nenally”tiess in the denarvated finger and . gnaduelly.
increased es -"regeneraticn"‘occurred;v They suggested frcn
'these"studies‘thet a neuralemecnenism vas not ‘responSLble
fpf the.A"huntiné respense". Second, studiee on the human

!
|



_flnger (Hertzman and Roth 1941) and the ear of the domest;c
sheep (Meyer and ‘Webster 1971) have demcnst:ated that the
‘}ncnease in‘blood flou to any two of these extrenities in
‘ﬁfhel cold occurred asynchronously, again s\wgestlng a local

control of the blood flou ulthln an extremity.

- .

‘Manyffaotors have been"pfOposed as the }ocai dilatory
agen£ in,’hheﬁ pefibhezal circulatory system. ‘Leuis (1927)
,orlglnally proposed hlstamlne as a dllator in the ’Qascu]ér
system. On the cther hand, ‘Webster (197U4a) suggestec that
hishamine was an unlikely candidate for the proposed dilatol
substance in the‘oold. He roéoSed instead a vasoactive
.epolypeptlde as descrlbed by Hilton (1962). The work of

'Armstrong ?&é Nllls (1965) . is in agreement with this

~»suggest10n as they found that decrea51ng the temperature at ‘

'vhich‘plasma is stcred from 37 to 0C caused a dep}etion ”of
kininogen' Hlth a tranSLent presence of kinin. Mashford and
zacest (1967) hovever, | found a fall in the‘AbradYKinin
concentratlon ‘in venous flow from the hand in response to

1ncreased sympathetlc act1v1ty durlng cold exposure (OC).

]

This suggested to‘them that bradykinin was noiga mediator of
u

‘cold induced'vasodilataxi N. 'Schayer’(1970) 1ggested that
'polypeptldes do not meet the required crhteraa of a local
dLlator. He consxders the rcrlﬁerla to be (a)“it mnst ba
fofmed/hintrins;cally", hat is, its protein precursor must

ke found intra-cellularly, not in the rFlasma, (b) it must ke



&
fofmed by an inducible enzyme system, (c) drugs wh%ch
destroy it or block its activitieS' must . alker
 m1crochcu1atory ‘Scntrol ' (é) it'“must not shou‘signsgof
tachyphylaxls. He agaln suggested that hlstamlne, formed ky

uihat he called an "1nduc1b1e'enzyme" might well Sserve as a

local vasodilatory agehtu The results of experiments
e
described in chagpter two of this thesis, however,. suggest y

that H1 histamine recertors which can mediate vasodilatation

in sheep do ﬁot»play a role in the "hunting Lesponse™.

N v

Meyer and Weeéter'(1971) claimed thaf the withdrawal of
'sympethetic stimuiation ‘was not the caﬁse of ccld indﬁced
vasodllatatlon as they were able to demonstfate the "huntlng
phenomenon" in the sympathectomlzed ear of a sheep during
the continuous 1nfu51on'of noradrenallne. Howevef, it can.
aiso be seen frdm'their data that no “hunting" took place
concurrently in the OFfosite intact esar. This deta may also
ke 1nterpreted 6&as shovlng qhat .on- the iﬁtaet'leide,
-suff1c1ent noradrenaline was ' providea _bj, the"sympathetic
hervoué system together with _the infusion teo maintaih a
.consistent‘constricticn; Hewever{ on the sympathectonized
eide, all the ncradrenaline ;ould be expected to enter‘with
'the blood flow.' As.the constriction took place\ and blood
flow declined, the amount of noradfenaline reaching the
‘ receptor sites wculd tend to decline until‘insuffgc@ent‘ uae'

V'

present to maintain the constriction., This might result in

[\
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a passive dilatation, an increase in bloocd flow, an influx
Of more exoycnous ncradrenaline, and a reinitiation of the

constrictor phaée of the cycle.

- Other .possisle - explanations for cold vihduéed
vasodilatation include ‘the failure of noréd;gnaliné release
ffom éympathetic nerves in the éoél pis#ue. Shepherd and
Vénhoutte (197%) reported that 1local mcdoling\ to 28¢
depressed the rélease of_3H-ng?adreﬁaline frcm the isolated
saphenous ‘vein of the dog urina electrical stimulatidn.
However, the coﬁtraction;pﬁ "the vessel was ”éﬁgmented by
cooling (Vanhoutte and Shepherd 1970).__A/similar phenomenoh

has been reported in the intact anesthetized dog by Webb-

Peploe and Shepherd (1968) and Abdel-Sayed et al. (1970).

\ : . . 4
Although Thompson et al. (1978) reportsq an increase in
. [ |

the roradrenaline content of plasma draining the head of

cold exposed sheep, the contribution of -the rperipheral

. ' . I . -
tissue to th increase was not determined.
_ G ﬁg / -

The constriction response ,df cooled vessel§ to
sympathetic stimulation appears to be a property of vascular
:smooth ruscle rather than a propetty of supefficial‘ veins
alone. Vanhoutte and Lorenz (1970) found that isoléted
sapheﬁous aﬁd resenteriCc veins uhén“ cooled incfeaséd
constriction in  respomse to  electrical stimulaticn
anradrenaiine, and 5 hydroxytryptamine. Contraction of the'

_ : Lo ‘
.. cooled femoral vein bhowever was depressed in response to
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thesé same stimulations. . Abdel-Sayed ég ale (1970) dnd
Absolon et al. - (1971)_:eported the portal :in irn intact
animals congstricted, but the deeper limb veins dilated Qhen
cooled. Zhis‘di?atation of the deeper limb veins on cooling

would facilitate the 'shift of blood from the constricted

4
i &

surﬁace'vessels to the deeper veins as a heat conservation
‘mééhanism; .

- Kedtinge (19%58)  found that tiésuetempefatu%Ls 1044;
than 10C result in ; failure of isolated vascular smooth
nuscle -strips to constrict in response to édrenaling. The
ability cf peripheral veins to <continue +*c constrict in
respdnsg to morgdrenaline even at very low temfperatures (2C)

has, however, been demonstratgd.by Millard and Reite (197%)

in the exagised legs of domestic 'ducks (Anas boscas). Meyer
: /

and Webster (1971) mairtained continuous ccnstriction irn the -

intact ear of a cold exposed sheep by jugular infusiop of

' noradrenaline.

N

The constriction of peripheral blood vessels in .

e

N L o : -, z . .
response tO0 cold causes a large Teduction in ‘the flow of

‘blood to the”cold_exposed tissue. Burton and Edholm (1955)

found a reduction from 3 =1/100 ml of:forearm/min to 0.75

ml/100 ml of forearm/min when &an arm was transferred from a
37C bath’ to a 15C bath. Greenberg (1963) reported that a
flow of greater than 30 ml/100 ml of toe/min at a room

temperature of, 43C was. reduced to only 3.ml/100xmi of
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toe/min in a room at 20.5C. This lower flow might reduce
the amount of oxygén available to the tissue and permit a

build up of - metabclic end products within the . tissue.

Either oxygen lack or build up of metabolic end products

might cause the'vasculgr smcoth muscle to relax. Vanhoutte

g (1973) has shown that anoxia will reduce the ability of
. \ . ’ . ) . i
veins to constrict. in response to noradrenaline. This

response was more markeq in the mesenteric veins than in the

sy |
SN

N :” . 1‘ . >
saphenous vein,. In the absence of glucose, the depression
of contraction Jue to lack of oxygen was equal -in both

veins., 7 s suggested to Vanhoutte and several co-authors

|

kVanhoqtte 1970, Vvanhoutte and Leusen 1972, Shepherd 'and

Vanhoutte 1975)'\that. the subcutaneous veins were more
4 \
capable of switching to anaerobic metabolism tc maintain the

v

- contractile prccess.

The réaction of “veins to nerve stimulation has been
shown to be mofé susceptible to the depressing erffects of
ancxia = than the-% reaction of veins tc _exogenoﬁs
noradrenaline.' | This has suggested to several authors
(Vanhoutte 1970, Paton 1972, Vanhoutte and Leusen 1972,‘ and

,Kirpekér\ et al. ©1973) that anoxia decreases the rate of
reléasefof the transmitter. 1In spite‘of these résponses; in
isolated véésels, Shepherd and Vanhoutte (i975) state

"Severe oxngn deprivation and substrate depletion must be

combined bef;fe ‘the reactivity of the venous smooth muscle
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e
is markedly altereé"; These authors imply that in‘ tﬁe
intact‘- organisu,  lccal variétions in ox&gen are not
important’ requlators of the Qenous systenm. Thus, the
reactivigy ~of the veins is unaltered by the usual
fluctuations in oxygen content.  Therefore, if anoxia is not
likely the cause of cold induced vésodilatation, then yet
anotaer .mechanism must be sought to account for the
 phenoménon ih the sfmpathetically coﬁstricted extemities.
Chgngeé iﬁ hyd;ogen ion\and carbon dioxide concenfﬁationé
are knoun‘to affect both vénous smooth musgle contraction
and © the . resgonse of smooth  musc 6 sympathetic
stimulation., A decrease of pH fronm 7.4 to 6.8 céuSed a
relaxation an increase to pH 7.8 augmented myogenic activity
andxbasal tension in the mesenﬁeric veins (Vanhoutte 1967).
"similar changes in [fH in cutaneous veins did not affect
‘restimg_tedsion. When pH was increased from 6.8 to - 7.4 bj ’
‘altering ' bicarbonate concentratioﬁ, ' tHe" constrictor
résponses/of both mesenteric and cutaneous veins .to 'nerve
stimulation progressively increased. Sinﬁe‘pH change caused
a non-parallel shift of the Cazf'éffect'on nerve stimulation
(Vanhoutte 1368), it wés suégested ~that the EH changes
‘influenced both the adrenérgic nerve ending‘and the smooth
muscle. Decreasing pH from 7.8 to 6.8 by incféasing pCO,
depressed the conStriciof response .df  mesenteric  and

1

cutaneous veins to nerve stimulation, while decreased pCO,

had an opposite effect. PFor the same . decrease in pH the
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- . ’ ) v
constrictor response was more dépressed by a decrease in
bicarbonate ghan by an increased CO, (Vanhoutte aﬁd' Clement
1968) &« - If’ péoz waé .increased 3t a constant pH the
constrijftor response of isolated veins %o nerve sfimulation
was augmented»(Vaghoutte and Clement 1968){ increasing pCo,
did not, however, enhance' the constrictor respons= . éé
exogenous 1-ad;ena1ine orbl-noradrenéline. Thié was Eib¢d

bty Shepherd and Vanhoufte (1975) as evidence that Cozrmight

cause a facilitaticn of neurotransmitter release.

1
~

Al{hough tAe venous bed is exposed to the metabolic
changes that occur in tissues, the periphery'of én aprimal is
nét consi :red tc have a high metabolic capacitye. .This
small meﬁabolic activity may be further reducea by the
cooling of ' the tissue inva’cold environmenf. Thﬁs changes
in metakolic parameters in periéhéral tissues might be so
slight as.to be ugémporfant in the control of blood«flow ton
the extremeties. If it doés occur, autoregulation of blood
floQ by‘metabolites\would'be expected to influence capillary
flow -in small localized regioﬁs of time andiprobably would
not result in large syncronized fluétuations typical of the

-

hunting response.

In this experiment the increased flow observed during .

the hunting response might have been through artérioivenous,

anastomoses, capillariés, .or both. The first observation of
A . )

\

artio-venious anastomasis in vivo ! , was in the ear of

)
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the rabkit by‘Grant in (1930). Arterio-venous anastomosis
were later  identified in sheep skin by Daniel and Prichara.

(1956) , and Molyneaux 1965).

‘ip thermoneutral environments blood flow througﬁ the
arferio-venous .anastomoses has been considered to te
‘requlated by o receptors alone. Spence ‘et al. ki972)_
used mict&sPheres‘ to demoqétrate .an-incfeased tlood flow
through the aterip+vencus anastemses in the skin of the
hindlimk df the‘dcg, after injeétion of l-noradrenaline and
a reduction in the response following the & ‘blocking agent
- phentolanine. -The B Stimulating agent isoproterenql
.increased capillary flow and _the 'ﬁ»m blbcking Eagent
pgqpramolol hydrochldride reduced capiiia;y fiow, but thesé‘
S}Eﬁis had no effect on flou\ through tﬁe arterid:vénous
énastoﬁses. Webster_ (19iua), on the other hand, stétes:
"capillary flow in the‘supérficial tissues 1is maintained by
coth active vasoccnstribfor"andb vasodilatér sympathetié
Stimuii actingy thrcugh a and B reqebtors réspeétively ",
However, 3 ﬁie@man et é1;$, (1976) in .qiscus%}nd"thev
precapiilary sphincter states a third ‘possibility: ®Unless
refuted by further_anatomica; studies it" kthe'p;ecapillary
sphincter) wcould be téﬁogﬂized as haﬁing , éonfractilé
aétivif&,qf_a myogenig natu;e'and being'completely QQvoid"of'
direct déntrol by the ﬁutohomic nervous éyspem." Thﬁs , at

the capillary level, sufficient blood dhy pass thréugb the
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constricted .vessels to maintain the comparatively small-
b :

metabolic needs of the perirheral tissue. This wmay be: the
‘o . . N X . : . i
mechanisnm desciibed as "continuous proportional control"

- o

(Meyers and Webster\197n). The thermal needsicf this tissue

'could be maintained by a separa{e . mechanism 'Rerhaps

involving contrcl of the artio-venous anatomses by the’

"hunting response".

It is also possible That cold induced vasedilatations

involve 1increased capillary flow. There is recent evidence .

. \ ‘

presented by Fregly et al. _ (1?76) that P adrenergic
. ‘ \-/J o _ .

agonists (isoprcterenol and adrenaline) can cause

vasodilatation in the ccld exposed tail of the rat. * This

d%latatiog .couid be blocked bf_ the B blocking ageht
pgopnanolal. Therefore thege remains +he poselblllty thatA
the "hunting responee" could,be caused by actlvatlon of B
_:eceptors'in'vaecular smooth muscle. In view'ofvthe'HOtk‘of
Spence et al, (1972)'the possibility exists that *this
flow dircrease may’ be\partlally due to- 1ncreqsedfcaplllary

flow. As notad previously 1nd1v1dual extemities have been
noted to "hunt" 1nd‘P§;dently of each other.' However thé
deéree 6‘ independence is still a-,matter of ccneentlon.

) Whitfowl (1962) reported that the temperature of the ears of
| calves "usually 1ﬁEreaséd and decreased together..{ 'whlle.

Meyer. and  Webster (1971) ‘Teported that. several-authors .

(Levis 1530, Greenfield et al. - 1951b. and- Webster and
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S S, S - . o _
. Blaxter &966) suggest that the "hunting.phenomenon" does not

take place synchronously in all extemities. It has\not,been‘

established whether different surface sites 'of the same

extremlty "hunt" synchronously. . Therefore, an . experiment

was conducted to clarlfy thlS point. The remaininb‘series
t ~ .

- " . ‘\\
. of experimewts were designed to' further Texplore . the
R . o « . . _ .

relatibnship’ of ,the' sympathetic nervous system to the

v

constriction and dllatatlon of perlpheral blood vessels in
the ears of cold,exposed sheep. In partlcular the changes

- in catecholamlne outflcw frcm a sympathectomlzed portlon of

the head, the pcss;ble role of P receptors and the ablllty
\

. of the extremltles to dlIate 'under continuous sympathetlc

neural stimulation we:e investigeted.

C;ZJ
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wWATERIALS AND METHODS

Experlment 3-1: Determlnatlon of the area of 1ndependence cf
AR
a."huntlng response"

4

The extremities of doﬁestic animals faced with an acute
cold e&posure have been Ishoin to  dilate ’aﬁd constrict
1ndependently of each oxher (Meyer and WebSter 1971)._ In
.order to determlne if dlffereﬁt areas of skln Hlthln a glvend

N ‘ :
extemity dllate N and ' constrlct'l5 synchroncusly or

[

R

, _ S o, .
asychronously, the four trlals of experiment 3-1 were
performed.

»

4. Experimental Animals .
- | | X . | |

'Experiment' 3- 1 vas conducted u51ng ‘one Suffolk and two
Chev1ot aault Hether sheep (Jé;n weight 87 3+ 8 Kkg)e. The
sheep uepf malntalned 1n an 1ndooh pen. at a room temperatupe
of' ’approx1mately 20C1 : The’ sheep consumed/ 1000 g- of
dehydrated alfalfa pellets per day d1v1ded into two equal
portlonc fed af - approx1mately 0800 hours and 1600 hours
dally._ Ihe second pcrtlon of the feed we fed at the end cf
the trial if the trial extended later than 1600 houfs. on
“the day of a trlal the experlmental anlmal was not fed ‘the

0800 - ur portion of feed and.preparatlon of the .arimal fer

the-experiment. began at this time.
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On the day of a trial,/ihe experimental animal and a

companion animal were pldced in individual wmetakolic cages

+

. a temperature controlled room as. previously described.

Six 36 gauge thermocoufples were distributed on- the dorsal
|

o~

surface of the right ear, 4 to 5.cm apart, as shown in

Figqure 6. Two identical thermocouples were fastened to the
v . "y

opposite ear. All thermocouples  were connected to \a

Honeywell model 15 multipoint temperaturé recorder which had

-

been uired‘in'parallel to read these eight tﬁermccouples in
rotation such that 45 s elapsed between successive-readings
of the same point. A rectal thermistor . was. inserted into
tho animal as previously described in chaoter 2 to record

rectal temperature.

’

-3, Exgerlmental Prctoccl

)
\
)

Aﬁter a 30 min waiting period, at 20.5C, the cooler
which had been previouély set to produce its maximum cooling

output was ‘turned on and the room was cooled. The .animals

ear surface temperature and rectal temperature were recorded

\for approx1mately 190 mi'n after the cooler was turned on.

At the end of thls time period the cooler was turned off and

1

the rcom allowed to warm ‘to the pre—experlmental

5

temperature.
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Figure © -

mocouples on the right ear
B \

six ther

>

The position of the '
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§xperiment 3-2: Effects of acute cold exposure cn arterial
and venous concentrations of adrenaline and noradrenaline in
. K . . P

7sheep.

One of ths possible mechanismS.requnsible‘for;cold-
.induéed vasodila@atiou is a reductioe in the ‘extent of
sympatheficaii& induced vasoconstrictor'tone in peripheral
tissues. Changes in . sympathetically ‘induced
Vasocoﬁstriction , could be caused by an elteraticn in output
or uptake of noradrenaline}byuthe periéhefal nerves or by‘ a
change 1n the amount of enzymagic b?eakdown of noradrenaline

taking piace in the cold.peripheral tissue.

1. Experimental Apipals “

In order to determiﬁe if arterio-venoﬁs differences in
concentratlon cf noradrenaline across the head&\are related
to exposure temperature, four trials were carrled out om the

‘three adult  wethers hogﬁed and fed as described in
fexperiment 3-1. |

2. Catheterization

o

On' the day of a trlal the rlght ]ugular \Vein and the

right carotld arteﬁy of the experlmental animal were
catheterized as p:eviously described in chapter 2 for the
. i * . ~

jugular vein, The carotid catheter was inserted via a

ca:ofid loop which had been fsurgically installed és“

described by Hecker (1974). Both cathefersfuere'proteéted“
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from freezing as described by Hills et al. (1977) . -

P =R e e e ey o

undisturbed at a temperature of 23.7 & 0.4C for 1 h. At the
end 'ofqixhis 1h uéiting peéiod; heart rate had stabilized

and the animal was standing quietly in its metabolic cage.

-Blood samples' (20 ml) vwgre then simultaneously withdrawn

from both the jugular vein and the carotid artery. 1A second .

set of simultaneous Samples was withdrawn 30 wmin later,
following which the cooler which had been previocusly set to

produce its maximum cooling capacity was turned on.

|

The animal's environment Qas cooled for 1 & at which
time thé room temperature had reached -20.3 & 0.7C. At this
time, a third set of simultaneous blood‘samples‘uéé taken.
Twe further seté of {ﬁples were taken 30 and 60 min later.
After the third.hlgr' sample was collected‘in‘the cold, the
cooler was tufnéd off and the animals envircnment warmed to

a minimum of 10C over a period of 90 min when the final set

Oof blood samples was taken. All samples were collected and

analeed for plaéma ~adrenaline and .noradreﬁaline#
concentrations as descrited by Thompson et al. . (19?8}.
P
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4. Statistical Analzgis

-

N . . /
The results of experiment = 3-2 | Were analyzed
statistically by analysis of variance ‘. 24decor and Cochran

1967) and means were compared using Student Newman-Keuls'

P

#2

" test (Snédecor and Cochrane 1967). ‘ \

e
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Experiment 3-3: Effect of ccld exposure on concentrations of

|

‘adrenaline and ncradreraline in plasma rethrning from
sympathectomized and non sympathectomized sides of the head.
‘ ) ¢

In order _ | assess the contribution of ;eripﬁeral
sympathegic nerves to the. concentratibn ’of plasma
noradrenaline observed in acutely cold exposed animéls, two
trials were cérried out.

1. <zTxperimental Apipels

A crossbred Suffolk x Chevoit Hether uelghlng 48 kg was .
surglcally prepared ty removal of about 2 cm of the —right
vago-sympathetic trunk in the mid cervical region. The

surgery was perférmed vith the animal under general - gaseous

R

. anesthesia (Halothane, Fluothane Ayerst lLaboratcries Ltd.,

«

Montreal, Quebec) fo%loéing sterile surgical technigue. The

animal was allowed 4 4 to recover from the surgery prior to
) v 1 N

use 1n experiments.

e Catheterlzatlon

On the dayﬂof a trial the sheep was prepared . by the

inserticn of two Tygon R.cat?etersv(1;0 no inner diameter

k 7

and 1.8 mm outer diameter), 15 cm into the right ard left
jugular veins by the use of a 12'’gauge needle. The exterior

3.7 m oﬁ these catheters were then enclosed in the apparatus

of Hills et al. o (1977) to prevent freezing,

i~
=
- A

Electrodes' to record heart rate, rectal temperature
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probe énd ear ékin thermocouples were'insta}led'as described]
in chapter 2. The ani@al Hi? élaced in a metabolic cage in
a temperature controlled room  in fhé company of another
éheep in an identiéalvmetabolié cage, 2 m to the lefthf the

experime%tal animal.

T e e . e S o s \
\

\

~After 30 min the heart rafe had stabilized\ and blood

3 - EX gerlmental Pretocol _ , w

samples (20 ml) were collected simultaneously from each of
the jugular qatheters.' During each trial, blood sample:

: P
were collected at 0 and 30 min prlor to cooling the roonm.

The cooler, which had been set: to produce its maximum
cooling capacity, was then tdrned on and the animals®
environment allowed.- tc cool for'60 min when alseéond set of
samples was taken. Samples were subsequently faken at Qd
~and 120 min. The céoler was\ then :turned off and the
environment"ailcwed. to.warm for 30 min when a\ﬁiﬁal set of

@

samples was taken, -

The samples were collected land analyzed fer plasma
(1978).

b. Statistical Analysis

_ \
The results of experiment 3-3  were analyzeq

statistically by analysis of variance (Snedecor and Cochran\
>1967) and means were ccmpared u51ng Student Newman—-Keul' E

test (Snedecor and Cochran 1967).
|

N
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Experiment 3-4: Determination of the concentration of
\

adrenaline and noradrepaline in plasma'samples collected

during the asoending and descending temperatdre phases of

. , \
. : ¢
the "hunting response"

If variations in the noradrenaline outflow from the
sympathetlc nerve endings are responsible for:W the "hunting
response" a change in the overflow of noradrenaline into the
tlood draining - from the peripheral tissue ‘oight be
observackle, 'In experiment 3-4 two trials were carried out
to deterwmine if pﬂasma catecholamine concenlrarions differed
in samples collected during the constrlctlon and dalatatlon
phases Jf individual "hunting responses",

. 4
1. Experimental Animals

i e . e

Two adult Suffolk»wethers weighing 73 and 76 kg were
‘housed and prepared for experimentation as described in
- chapter 2, experiment 2= 24 ;A jugular Qein oatheter was
insralled as described in chapter 2; experiment Z-1,

—— mEm el

2. xperimepntal Prctocol

At the end of a 30 mln wvaiting period, the anlmals ware
standlng quietly in the metabollc cages and the cooler which
hadu been previously set to produce 1ts'maximum oooling
capaoitvaas torned'on., The animals® environment was cooled

-until a "hunting response’ was establlshed as indicated by

the temperature Lecord of the dorsal surface of the ear on

¢
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the same side of the body thét the.juguiar‘catheter had been
\;nstailed. Blood samples (20 mlf were wifhdrauh during the
agggﬁding and during the descending phases of individual
‘"huntiﬁg responses'. This proved difficult in every case
due to the short tlme of ascent and descent of individual
"hhnts" d the relatlvely long period of time regquired to
collect the ~large blood samples required. for catecholamlno‘
analysis. .Sahples were obtalned during both the ascending
and descending fphases of;tuo whunts" in the first trlal and
"auring\five "hunis“ in_tﬁe second trial. These samples were
prepared and analfzed for plasma adrenaline and

Y

. noradrenaline concentrations as described by Thompcon et al.

The results of experiment 3-4 were analyzed
statistically by analysis of variance (Snedecor and ~Cochran
1967) and means were ccmpared using studant Nowman-Keuls'

- . . \

test (Smedecor and Cochraﬂ 1967)~‘t \

-
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Experiment 3 - 5: Cetermination of the ability of the «cold
exposed ear of a sheep to hunt during continhousréympathetic

stimuldtion

If the hunting response is due to an active dilator’
substance of the failuré of gbe cold péripheral vasculature
to reépond tc nbradiénaline "hunting" might take pi?ce
during_fhe continuoﬁé sympathétic stimulaticn to conétrict.
Experiq?nt 3—5.was designed to determine if cold induced
vasodilatation’ éould take; placz‘ uhil?_ noradrenaline was
teing relea§ed from the pe;}ﬁheral sympathetic l nerve
endings. |

1. GExperimental Apimals .

. .8 k] I
Seven trials were ‘performed in. which the Vagus et

<

R ] PP

N L \ . . -
Truncus Sympathicus nerve was cut and stimulated 1in mature
i . 9 .

. ) - ;
sheep . anesthetized . with‘halothanp. Culled ewes of various

<

breedidg from the University of Alberta’flock\wefe used.

2. surgical Preraration of the Apimal .

2

Each sheep ua; anesthetized and\~ placed on 1its right
spde"on a mobile operating table. \A’longtitudinal igcision
;as made in the neck reg}onkaﬁout 5 cm;tofthé »left of the
mid ;iihe .axﬁ/-EBBEf‘10.cp'léng. Thellefg yago¥sympathetic
.trunk was exgﬁsed and.gently-fieed fo; about' S to 7 cm from

the carotid artery. A 60 cm long catheter (1.0 mm internal

diameter and 1.8 am external d;ametery was surgicaily~

A

il
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inplanted 10 co into, the _exposed carotid artery inveéph
sheep. The retraction on the incision was then relaxed to
allow the ovérlying muscle layers to cover the nerve.and'the’
carotid artery. The incision was covered Qith several gauze

_~sponges moistened in physiological-Saline{

In the last three trials, arterial and auricular vein
catheters were implanted. A second skin 1nc151on was nade”
slightly below and behind the anlmals left ear. A catheter
(1.0 nm inner diameter and 1.8 mm outer diameter) was
© surgically implented 2 to 3 cm into one of the H&anehes of
the posterior ;auriculer‘ vein. The retracticn on - this
ircision was lfelaxed dnd it was »similariy coﬁered'witn
saline soaked cauze sponges. A 36 gauge thermocouple was

fastened to the mid-rdorsal surface of the ear as“described

Freviously.

The anlmal was then gently rolled over onto ;itsg left“”ffe

side and moved so that its head extended over the =ernd of the

)

operatlng ‘table. The head was suspended by a rubber sllng-
so that the left ear hung downuard arnd the area: surroundlng‘
the ear was nct compressed by the silng.' BY lcwerlng thef
sllng about 15 cm, the left ear could 'be 1mmersed ﬁin a
'coollng bath malntalned at OC by means of ice water or et 0
+ 2C by neans of a mlxture of ethylene glycol and wate

. cooled by an 1mmer51ble refrlgeratlon c01l.
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Ear surface ,temperatdre ‘was ;ﬁsnitored continuople

before and during immersion of {hé earnip the cooliﬁg bath.
¢

The 1nc151on in the anlmals neck was then retracted and the
vago-sympathetlc trunk was, tled and severed. The perlpheral
cegment"ef”>thé perve was gently Qi?ged across a palr of
electrodes which had been. prepared from foreshorfe ~hair
cllps.. from‘ thCh the laquered surface had been\reeég>d.

©

These electrodes were in turn fastened 1n51de the barrel of

N

“a 10 @l ,plastic disposable syringe which had one 'side cut

away. Thisfelectrﬁde appara&us had the advantaée of baing

able to hold the nerve with little ‘obvious mechanical trauma

.while isolating the stimulating electrodes from the

surrounding tassue.'\The nerve was given multiple 10 to-15 V
stimulations at frequencxes of 4 to 5 s#! by meaﬁs of a

Barvard Model 340 Stimulator .(Harvara Apparatus Company,'

’

Dover Massachusetts). S T

In the last three trlals, blood samples were taken for
0 .

determination of glasma catecholamlnes from-}the carotld

artery and [csterior auricular ‘gein before and after

immersion of the ear . and \after\ nerve - sevetance and
e (0]

‘stimulation.‘ Ihe catecholamlnes " were determired -as -

e e

. descriked by Thcmpson et al. . (1978) . Aféer collection‘ef

the ‘“last bloodpsampre, theqanimais wvere killed by injeCtipg

50 to 100 ml saturated magnesium sulphate into the - carotid

‘artery via the implanted catheter or a hypodermic needle.

PR
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Experlment 3-6: . The effect of p-adrenergic.agcnists and

antagonlsts on peq1phera1 c1rculat10n 1n the cold.

The p0551b111ty exists that the "huntlng reSponse" is

caused by activation™ of ﬁ-adrenerglc dllator receptors 'in

the peripheral vasculatureq‘ Experlment 3-6 was. conducted to

‘éxamine whether Upv'agouists and 'antagonistS» effect .the

hunting response in the ears of cold'equsea sheep;”
- : M/ ¢

. Experimental Anlmalc

o

\

Three trials were conducted on the three adult wetherst
described in experiment 3 1 to evaluate the part1c1patlon of'

p—adreuergic receptcrs in the: perlpheral ‘vasoulature of

sheep during acute'cold‘exposu;e. On the day of a trial the

. : . L ‘ | - .
right jugula ‘vein of the experlmental animal was

catheterized as described in chapter '2‘-and the recording

apparatus . Was ipstalled = as described "in chaptew 2L

w

experlment 2—2.

2.

ita

ras_iue. \ zgctocol

| After a 30 miulpre-ekperimentalfperiod, the heart . rate
had stabilized and the animal was standing, quietly'in its

.. metabolic cage. The cooler, which had been prevlously set

to produce’ its maximum cooling capacity, was turned on and_

the animals® environment cooled for 170 min."
- N | o :

A "hunting: recponse" vas establrshed asl'indicated- by

fluctuatlons 1n the temperature record of the dorsal surface

1>
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of the égrs. ‘At this t: e, (a2 pg/kg‘isoproterencl (Isoprel
, 1isoproterenol “HC1, iwinthrbp - Laboratories, Division of

Sterling -Drugs 'Ltd.;”fguroré, ’Ontario)'/from a solution

containing 10 Jpg/ml vas iqjécted into the jugﬁlar~vein.

App:bximate;yb25 min later an "injection of QJS mg/kg of

&

<Y

"préprénglol. (propiahblol-hcl, Z"Qg/ml, Ayerst, McKenna and

Harrison Ltd., Montreal, Québeé)‘was. given. 'This was in
turn fcllowed - by é#sécond fhjectiop of isopfoterenbl {0.2
pg/kg)Aépproximately 16 min later.

"In /the'.first.mtrial“th;ee furtheg injecticns of

isdproterenol were given~ to test\'the‘duraticn.of the B-

récep{or block.by propranolol. These were given us; 68 “and

103 min following the propfanolol. In the second trial no

further isoproterenol was. given. In . the ;hird trial.. two
furtﬁér injecticns of isoproterenol were given‘atIBO and 45

min after the propranolbl dose.  The response due to the

‘cecond and sSubsequent doses’' of. isoprotererncl were pooled

-

during the'ahalysis,cf\the results.

.
i

/Ehe temperature of the dorsai surface of the ears was
recorded throughout these experiments using a Honeywell
model 15 multipoint temperature recorder. Heart rate,

rectal temperature, and room  temperature were recorded

before, during and after the injectioﬁ of'both drugs. ‘

(A
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Experiment 3 - 7: The effects of subcutaneous isoproterenol

on the ear skin temperature of cold exposed sh.ep

<

'v~ } Expériment 3-7 wvwas designed to investigate whether
intéo@ucing the B-agonist isoproterenol subcutaneously into .
the ear .uduld induce vaéodilatation in the ears of cold
"exposéd sheep. The_subcutanéous route of administration was
used to ensﬁre a high concentration of the p-agonist at the
earlskin vasculgfure; ‘ | ~

—_—_—m AR amen e Emeemaa

1. Experimental ZXnimals

Trials were car;ieﬂ out using the sane thrée‘ﬁature;
wethers, housed and fed as described in chapter ~.3-’-1. Each
_animal was prebared fcr egperimentatién \by inserting a
catheter containing 4 mg/ml isoproterenol physiologic&i
saline undér the dorsal ;gurface of - the left_gar. Thé‘
catheters were identiéal to that used 1im the subcutaheous
injéctions. of histamine-HCl;( A_36 gauge thermccguple ;as
 placed-oh ihe skig Suifacé;directly- over vt@e fip. of' tHe
'éubcutaneous needle as described'iAAChapéer 2 for experiment

4"10

2. Experimental Prctogcl . .

All three anpimals were placed in‘metabolibAcages ir a
temperature controlled room as described in chapter 1. At

the end of the 30.min waiting period, the room was cooled to

\
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’ ]
3 + 2C, which was a sufficient- degree oZ cooling to cause

the peripheral vasculature of the animals <~ vasoccnstrict.

Suriéce temperature and bheart rate were monitored by
the technigueibdéécribed in chapter 2 for 10 min'befbreiand
for 10 m;@ after each animal was given 100, 200 or \uoo' ng
subcgtaneoqu ' doses. ‘\of isoproterenol 'sélution via

subcutaneous catheters. One animal déstroyed ~ the

thermocouple to its ear be&ore sufficient time had elapsed

to take a surface temperatu: reading. The other two sheep

.received two_injeptions of the 400 ng dose.

3. sStatistical Analysis

’ . \

The results of experiment 3-7 wWwere analyzed
statistically'hy analysis of variance (Snedecor and Cochran
1967) 'ahd means were compared'using Student Newman-Keuls'

test (Snedecor and Cochran 1967) .
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Experiment 3 - 8: The effects ot intravenous prcpranolcl. on

the ear skin temperat&re,of ébld exposed sheep

Experihent 3-8 was designed to investigate whether the
p—antagdnist propranolol would . prevent peripheral.
vasodilatation in the ears of cold exposed sheep.
. f :

1. 'Experimental Animals

)
Four triais:euere performed (two per sheep) in which
1prdpranolol.was administered either intravenousl; or  intra-
arterially, into one Shffolk X Cherviot‘ueﬁher, weight 30 kg
and oﬁe Cheviot wether weight 60 kg. The shgep were housed
and fed as»described in chapter'Z.

In the first two trials, injections Wwere made via :a

~

jugular vein catheter as described in earlier experiments

‘and in the latter) two trials,'injeétions were nmade via ‘a
| o .

carotid artery catheter iqtroduqed into «<an exteriorized
carotid artery loop which had been -surgically prepared by

the method of Hecker (1974).

For each trial the animal was placedvin a metabolic
cage in a temperature cqhtrqlled _room in the company Of
anothe; sheep 1in an adjacgnt cage. Héart rate'electrodes;
ear surface temperature thermocouples and a- rectal pro.

were installed as described in chapter 2.
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2. Ppkperimental Prctocol \

At the end of a 30 min waiting period, the aninmals

héart rate had stabilized, and thé coolet which . had been

N \

Freviously set tc produce its' maximum cooling pqlential was

+turned on. The animals' environment was cqbled until a
H

. . ' RS
“"hunting response"™ was established as = indicated \by
: \ . . Ry . :
fluctuations in the dcrsal surface temperature ofktbeAear.
, . . '

: » . 3 ,
The room temperature was -22.4 *+ 1.2C at which time a dose

of 0.5 mng/kg of a solution of propranolol (2 mg/ml)vwas

1

injected either into the jugular vein or the carotid artery.

Ear surface temperature was measured throughout .each
experiment by.a Honeywell model 50 millivolt recofde: while
heart rate, rectalvtempérature and room _témperature wvere
reéo:ded, as previously described, beforg and after each
injection. |
3. ‘§£ézi§£iggl Analysis

The results of‘ experiment ;; - 8 were -andlyzed
statistically by analysis of vériance (Snedecbr and &ochrén
1967) ahd means weré ccmpareHL ﬁsiyg Student }Néuman-Keuls'

test (Snedecor and Cochran 1967). )
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RESULTS AND DISCUSSION

Experiment 3-1
. . R N ;

) ~ The results of experiment 3-1 are illustrated in Figs.
7 and‘Bf_ Figs 7 shcws the recording of surface temperature
dﬁrom onlf three .of fhe six thermocouples}plac?d‘on thé right'
ear (A. B and C) and cne of the two the:mocouplés}placéd\on
the -lefﬁ .ear (D) for an individual cold éxposed sheeé.

These results were typical of all trials.

In every trial, all six sites’ on an individual ear
"hunted" in syhchrbny. ’The most p:oxiﬁai’site (C in-?ig.'
7) at the base of the ear maintained va’ 16w,' relétively
constant temperature uith"a minihal "buntiné reséonse".
Whep it -did show a wétming response it d4id so ‘in‘ syﬁchrbny

! Hifﬁ"the"éfher sites on that ear. The "hunt%ng responses"
of t.e qpposite ear were out of phase about 65 .pércentt of
t- time (Fig. .7). This observation is not in.agreement
winnvobservatiohs made in <cattle by, Whittow>_j1962) who
observed the surfacé temperature of the ears of cold‘exéosed
calves to "ansually increase ané decfease at the same time".
He did note ocCgsionél asynchronoﬁs :GSpoﬁses;\howévgr; the
results obtained in the preéent gtudy a;; in agreenment with
observations on the extremities of humans and sheep. ﬂfcr
example Lewis (1930) and Greenfield Qi“éi; >f"(1§51bf\
reported' synchroncus 'hunfing in adjacent fingers of man

wvhile Webster and  Blaxter (1966) reportéd asynéhronbust
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Figure 7 \
A recording of the ear skin temperature in a cold

exposed (-18Cj sheep.

‘,Per?ture (c)

!
(8]
]

I
'
(8]
l

lear surface tem
\ €
o
]

L
o

7.5 min

1 Three thermocouples (A,BandC.the solid lip

-

e
are on tHe ('iqht ear . One 'therm'oclouple(D the
dis‘c‘ontinuoush_ne)is on the teft ear.



124

Figure 8
an maximum temperature of the six thermocouples

The me
(X+SE)

on the right ear of cold exposed sheep

/

‘ Caudal .

degrees centlgrcde \'\

1 all temperatures in
ocatign of the thermocouples

2 letters represent thel
on the ear of the individual sheep “reported in

- figure 7
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bunting 1in the shanks and ears of saeep. Ihe sfnchronous
warming and cooling of the entire ear of the sheep ‘observed'
' in the present study is in agreement vith'the results tf
infrared photographic studies“oé jackrabbit ears (Hill and
Veghte 1976). These authors suggested that vasoconstrlctlon
occurred in the majcr arterles of the ear, thus reduc1ng the

flow to the whole extremity.-

During the 'constrietion phase, the temperature of all
sites on the ear sptface cﬁ the sheep were similar.’
However, durlng each dilatation 'phase;' the rost distal
thermocouple on the ear (A in Flg. 7) consistently showed
the greatest degree of warming in all trials (FPig. 8). The
ﬁirecticn of the thermal gradient observed ‘during the
“hunting tesponse"'uas surprising since a' counter current
heat excmanée between the‘ uarmer arterial blood and-the
returning cooleerenoas blood of the tppe described in~?the
human arm 'by Bullard (1971) aould be eipected to create a
gradient \in the. opposite direotion.‘ This observation
conflrms ﬁhe studlec of Aschoff (1944a and b) who found that
the temperature increase was greatest in the termlnal phetlaxg
of.  the fingers'cf\a hand exposed to cold; In addition the
observations illustrated in his papers 6% the fifSt:#%ndil
secoadwphalanax increasing-in-temperature.simultaneously are
Aconsistent_ vith the ooservations mads in sheep eaisxin this

experiment.
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The vascuiar'afrangemeht in the ears Of'Shgept mdéi ”Ee
such that warm :arterial blood ;ioés_taéiﬁli‘tbithejtip~of'
fhe‘pinna and v?npuﬁ.blcod“féfhfng-‘through véiﬁé‘ situated
along both margins, to the ‘base of the ear; As blood

returns toward the base cf the ear, it loses heat to the

surface and the surrounding air.

The observation thaf the 'pinna warmed syndhr&nously .
suggasts ﬁhat the .ccntrol of the dhuggihg responSé“'.is
perhaps located im the iargét.vessels of this expremity and
is not loCated ét the microciréﬁlatorj “level. - Thus, it
would . appear éhat a neural.mechaﬁism‘may be involved in the
"h#nting response", If a loca1 control by metakolic end
products .as discussed by Haddy and Scott (1968) or a locally

produced dilator as proposed by Hilton (1962) were the cause

of this form ofi vasodilatation separate small areas within

a

an extremity might be’expected tc warm indepegdently as tha.
concentration of these - factbrs changed- ih the tissue
surrdunding theismaller‘vessels. if'a circulating h§rmone
was ihvolved, all extremities yculd ibe expected to shcw
synchronous "huntihg respdnsé$"‘as the hormone concentration
rose and fell withip the genérai circulation.r 'Since"Méyer
and WébSter (1971) have shown'thaf sympathetic innervation
is fequired for vasoconétfiction of the ear in the cold, the

"hunting'response" could possibly ke caused by fluctuations

in the activity of sympathetic nerve fibhers to the blood

\
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vessels of a given extremity. This might occur in a manner
similar to that shcwn by Iriki and Hales (1976) who observed
an inverse relationship between the electrical activity of a
postganglionic nerve tﬁig and blood flow in cne of the
trancaews of therretroauricular artery in the rabbit ear af»
a room temperature cf 25C. If the “"hunting responée" is due
to fluctuatlons in\ sympathetic neural activity,~one mighto
expect to observe =1gn1f1cant fluctuatlons ‘in concontratlons
of noradrenaline in Flasma draining an extremity.
Experiments 3-2, 3-3 and 3-4 were designed to measure the
concentratlon of noradrebaline in plasma dralnlng peripheral
tissues in cold expoced sheep. | _ . - ,

Experiment 3 - 2

Heart rate, rectal temperature and concentration of .

adrenallne and -« ncradreraline .in arterial and venous blood

from cold exposed sheep (-20 3C) are shown in Fig. 3 -and

Table 7. There were signiflcant increases (P<0.064) in
plaspma adrenaline and noradrenaline, concentrations and heart
rate during the acute cold exposure.. The results for venous

\

plasma. noradrenaline concentrations and heart rate agree in

'general .with those repprééd by Thompson gt al. (1878),

however, adrenaline concentrations were slightly lcwer. The
increased plasma poradrenaline concentrations probably
ref}ec;, increased sympathetic neural activity. The

\
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Figure 9 o o

The plasma concentration of noradrenaline and
vadren'd(’ine in blo'od samples taken simultaneously
_from the right carotid artery andthe right

jugutar vein in “i":ol_d exposed(-20.3C) sheep

me -
10 | "

T
—

noradrenaline

= jugular

——carotid-

1-. i » I adrenaline

concentration of noradrenaline‘and adre noh'ne(ng/mlo.fﬁ plasma)

Or cooler 5T

e 0
_ ’ timf’(min)

1 1

720 750
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increased pla
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sma adrenaline concentrations probably reflect

increased adrenal medullary- activity as shcwn in dbge by

Klepping et a

L

‘“ ehoued _an

excretion in

‘temperature o

4
"
-

In the
concentratlen
venops blood
arterio-venou

This indica

1ncreased in

v

concentratlon‘

utilization o

heaq; Since{

_*+Hese results

v

1. (1957). Similarly, Leduc (1961a and b)

immediatge six fold increase for adrenaline

‘rats exposed . to  an - enV1ronmentalf
£ 3C. - o | e

\\ l ‘- . V -
present study tﬁe/;ncrease'in'pleema adrenaliﬁe

was 51gn1f1cantly greater ;n arter1a1 than "im
. < -

R

. A 51gn1f1cant 1nterértlon (P<O 0‘) between

-

s difference and _tlme period &as cbserved;

tes tﬁatf arterial~'édrenaline concentration
: N ) ' s N

the ccld to a- greater extent than:. the venous-

v ~

pose;bly_vreflectlng» an 1ncreased uptake and -

\ 7 N , 5 -
f cirbulating'adregalipe bx-the tlssuee of the
Grodsky (1973) sﬂéteé jadrehalihe does not

<

ojreadilytérosiftKE"blocd braln barrier it is therefore llkely

N !

.reflect ,hptake by tlssuesc:eutside of the.

train. , )

b The) arteriotvenous“; éiffeéenggs  in néradrenaline
'concentration'were ﬁot siénificqnt (PﬁdtOS). Wher Verterial’
,versus venous noradrenallne cdhcentratlons uere compa e for'

- the samples

" statistically

uculd indicat

c1rcu1at1ng

e

!’ ad

taken. darlng the cold perlod alone, a,aln Lo
51gn1f1cant dlfference eP<0 05) exlsted. 'Thls

e that the net coﬁtrlbwtlon of - the head
: J

noradrenallne uas small under the cohdltlons of
. ¢ p :

e
7

. . Lo ) R -



e

o - | S | 131

-

this experiment. The lack d¥ a isiggifiéént arterio-venous
difference ig noradrenaline concentration during coald
exposure was'someuhat surbfising. The ﬁajor mechanism of
noradrenaiine removal from sympathetically innervated tissue

\

is uptake by the sympathetic nerve endings (Iverson 1967)

‘while some is also degfaded enzymatically in the tissues as

w3

discussed by Shepherd and Vanhoutté (1955) and a small
portion\rep:eéentipg an averfioq diffuses into the Dblood.

Since  there was an increased plasma concentration of
noradrehaline during cold it could be possible, with
sufficient _repliqation,' to detect a‘significant arterio-
venous difference in éoncentration:across tissues with high
sympathetic neural ‘acti@ity. However the ¢éqrs Auere
general;y diféting during at least a pgrtién of eachf blood

sampling period. If dilépation is due to a reduch outputn

_of noradrenaline frcm the adrenergic nerves, there would - .

A

likely be a reduction in the arterio-venous difference

during dilata;icn. ' Therefore, - sampling from the. jugular

.

¥4

vein during pericds of fluctuating ear surface temperature

.

wphld'be expected to increase the ° variability in -arterio-

venous concentraticn differences.. S / \
2 : RESSe ,

-
o .~
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Txperiment 3 - 3

The results <of the two tplals in which blocd samples
- were collected 51mu1taneously from the jugglar veins on theﬂ .
1ntact and _sympathectomlzed sides of the head of a cold ,&
exposed sheep are presented in Flgs. 10,l11r'12 ahd Table
B. Cold e;pgsure significantly increased (P(O 05) plasma
noradrepaline and adrenaline concen{latlons. The dlfference
tetween arterialv and venous plasma noradrehaline
concentrations was hot sighificent (P(O 0%) 'VAs7 the
sympathectomy would be_expected_toﬁ'teduce:“the outflow of
noradrenallne from thet sfde | of the head,_theulack of a\;_
51gn1f1cant dlfference ln these data may be due to the small
numbeﬁjof observatlons. on the other hand,. as the blood
vessels on the sympathectomlzed 51de of the head remelhed
dilated_ throughout the cocld exposure (Flg.‘- 12) the
‘kesistanEe to bloocd flow would be lower on this sxde. This‘,l
might increase the percentage - of blood returnlng ) vie,”
collateral circulation frcm the opp051te sxde of the head

into the jugular vein of the = sympathectomlzed 51de. ‘ hlS

factor 'Hould “tend to reduce: any difference in noradrenallne

concentration betgeen.the Jugular veins on - the intact and
sympathectomized sides.

4 ‘ - ‘ :
RS ' . . P ) .
The mean plasma adrenallne concentratlon was not

statistically 51gn1f1cantly dlfferent (P<O 05) - between ther
\

.. !

intact -and sympathectomlzed 51des ‘of the head. If there was
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Flgure 10

~The plas ma ;cor‘icéntrahon ofadrenallne in. blood
sqmples tcken $|multaneous(y fromthe Jugular |

veinson the sympathectomlzed cxnd intact sides of

the head in cold exposed( 175C)sheep
" ’ - A : ’-!.‘ . i /
c . -
c-.3 o
5- | .
c.
E . " . -
w 02!'
- (8]
2 e”|
o v L . ’
o ¥
@ Q.
» § oy I _
U —_— ’ 1
° 3
X he) C' A 4 s e 'Y }
g <0 ,
' time in 30m|nute mtervcls
lntcct ' side o
[ . : A S e
- ---sympathecjomized stde
o * t—m cooler: on o %
~ . 3
. t . -
v.,\v ' ,x" ;
\ . 8
. v Y
\J 't‘/'
« N _».,“,’1»:": v
SRS
v ‘3\? / Y



Figure 11
The plasma concentratlon of noradrenclme n blood
samples taken' snmultqneously from the jugular

&
Veins on the sympathectomijzed and intact sides’ of

the head in cold exposed(-l? SC)sheep :
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et

increased cépillary flow in the dilated sympathectomized

side of the ‘head the élightly lower plasma concentration of

adrenaline may reflect increased tissue uptake and/or

enzymatic breakdown on that side of the head. ,
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Experiment 3-- 4

Jugular plasma concentrations of noradrenaline and

< . 1
adrenaline during the dilating andﬂ:onstricting ph&Hes of

individual "hunting responses" are shown in ‘Table 9. A
statistically significant difference = (P<0.05 for
noradpenaline and P<0.01 'for adrénaline) "between the

dilating and ccnst;;cting p?ases was found for\bcth plasma
adrenéline \and. neradrenaline ' concentrations. - The
noradrenaline conceﬁtratidn was significahtly '»higher
(P<0;05) in the’eenst:%ctidnphase than in. the dilatifiow
phase of the ‘'"hunt", This could indicate that during the
diiatation‘ phase, _Pecreased “sympatﬁet%q neural activity
-resulted in _a decreased outfloy of]noﬁsdrenaline into the
c1rculatory system. ThlS would sftipport the suggest* \that
A the- "huntlng \respcnse" is due to relaxatlon of sympa*hetlc
tone. Houever, the results couald alsg indicate .that the
increased blood flow during the "hunting response" diluted a
coﬁstant outflow cf noradrenaline. Thus while the data are
consistent with the idea of relaxation cf sympathetic " tone,

they dc not provide conclusive evidence that this mechanism

:&

‘c-

'he "hunting response"

E:Z(,f

There was also .a consistent increase in plasma
adrenaline concentration’ during the, constriction phase of
e "hunting resgonse" (P<0.01). This might indicate that

-~ . : o o

re was an increase in adrenal medullary activity during
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4

the constriction phase. on the other hand, it may reflect
an increased tissue uptake and/or enzymatic breakdown during
the dilatation phase. If thpre was increased capillary flcw
during dilatation as previousl& stated there would be
greater epportuuity for rissue uptake of.\ zdrenaline.

, _ \
" Although adrenaline canf act on B _receptors of vascular

smooth muscle as shcwn by Slcuterl et al, (1966) ¢ bel

-2~

. Bianco, et al. "((»1972) , and Shepherd and Vanhautte (1975),
.end has been‘sheunurqﬂgnduce vasodilatation ﬂn the tail of
the rar by Fregly et al. (1976) it is ‘unlikely %hat
circulating adrenalihe is thefeause of the dilatation phase
of the "hunting. response" . A circulating hormone would be
expected to cause: synchronoqs "hunting® in all extremities.

The results shou that there was a greater concentratlon of
t..

. adrenallne in the jugular plasma dur1§% the constrlctlon,f

rather than during the dilatation phase. This wculd not ke
cons;stent with a dilatcry Ep;e for edrenaline.A Rdrenaline
might, however, have "a role »in enhencing release‘ of
noradrenallne frou Sympatheticx nerve endings. Westfall
(1977) suggests that adrenaline has been’ shown to enehauce

»

the release of noradrenaline_ﬁrom nerve endings during nerve

stipmulation. Sjtarne and Brundin (1976) have shown that
increased nerve stimulation induced ' secreticn - of 3y
poradrenaline . in the °~ presence of isoprenaline

(isobroterenol) a P agonist. ' This increased secretion dPuld

te blocked by the;speEific P 2antagonist 1 35/25 while two
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4
b

specific‘p]_blbcking agents could not prevent this response.
. ] ~
This 1lead Westfall (1977) to hypothesize that the ﬁE

. . B .

prejunctional receptors react to cifculating levels of
. . . ' <)

adrenaline to increase the output of noradrenaline-fronm

sympathetic nerve eﬁdings. Burton and Edholx (1955) and

I

Greenfield (1963) noted that, in humans, cold inched

!

vasodilatation is often preceded by a .sensation of pain.

- Perhaps the increased plasma adrenaline coﬂcentrations‘

during the constricted phase'reflect discomfort associated

with the "hunting response" in the ears of the sheep.
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Experiment 3 - 5

' Seven acute (120 min) trials were performed im which
_ cervical sympathetic nerve was severed and the cranial
portion stimulated in anaesthetized sheep. Carotid %rtery
and g§stérxgrmauricular venous bloqd samples were coilected
duriné\:tﬁe- last three trials and 'plasma hncradrenaline
cohcentféfﬁsns were determined (Table 16). In twe of the
seven - . "hunting responses" were obse;ved -in‘ﬁhe
é@oled ear pricr to severinq the cervical sympathetic nerve.
-Anvexamplg for an individual trial is shown. ip Big. 13.
The difficultﬁ\ in eliciting a "hunting response" in
anaesethetized animals has been previouély noted byA Edwards-

(1§67) and Schuinghamer'énd Adanms (1969).\

Severing the nerve trunk Aluays resulted in ﬁnvincrease.
in skin températuré reflecting a vascular dilatation.
“stimulation of the ctaniai pértipn:of the nerve cauéed‘ a
.decrease in skin - tempefature; _\presumably dde to .
vasoconstriétion.. However, difficﬁlﬁy was éncountered‘ in‘ﬂ

several trials i%’ mairtaining a gonstant, uniform contact
X T 7 ot

between the nerve ' and, the stﬂﬁﬁfﬁting electrodes. ‘This
resulted in periodic wagming of the ea£ surfa@gfas shown in

'Eig. 14 which, in sevéral‘qases, gave a{p?itérn resembling

'cold induced ggséailatation. In _ssme cases, the pattern
. A 1 L ’

‘\}7\7‘7 B * . .

differed markedfy from the cold 4nduced vasodilatation. In

every case, adjustment of thg prition of the élecfrodes or
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. . : %
an increase in stisulaticn voltage resulted in a sustained
- \ ) )
decrease in ear skin temperature. As long as tre stimulator

v g

voltage: was high enough (14 to 15 V) and as long as good- R
‘contact was maintained gheré was no '"hunting résponse" J*gﬂ
. | | | -

during nerve stimulation., This suggested that the “"hunting
response" may be due to peribdic interruption of symppthetic
neural activity to an extremity, rathet than to the build. up

of a dilator., - . ( . &

The arterio-auricular venous differences in plasma

noradrenaline <¢oncentrations shown in Table 10 were ..

 sumparized into eight categories (cases)/ as described ‘in
Fig. 154 When the ear was dilated and not shcwing signs of
vcon§;ri§ting, €either 1ig " the warm, bifore cold‘immersion

7

(CaSeJ1, Fig. 15), or in the cold bath after nerve o

severance (Case £, TFig. 15) there was only .a slight
arterio-auricular venous difference in plasma ncradrenaline
concentration. Likewise, When the constricted -ear was

€ither maintaining a constant temperafure'(Case 2, Fig. 15)
or dilating (Case 3, Fig. ¢ 15) there was little or -no
4 . - [4

arterio-auricular venous difference in plasma noradrenaline

i

concentration. When thé} constricted ear with an intact

sympatanetic nerve supply uaswfurthey'anStricting_(Case'u,

Fig. 15) there was a large negative,  arterio-auricular

encus difference in plasma noradrenalire concentration. In_

P's

cases -where ahe constricted ear was further comstricting

\'l v
1

o

l
J
I
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Figure 15

The cffectof cutting the gervical sympathetic nerve

)

to a cooled (0C) ecar and electrically stimulating
the cranial portion on the carotid artery minus

the auricular vein plasma noradrenaline in

' anesthelised shecep

]
£
a
a v XzSE
° 3 .
LB .
R ™
: .. -+ N :
< | L l ' \ L]
E: ' ‘.
3 . \ .
U-'S‘ -
hEA :
< 2‘5 \\ ¢
q
nuomber of observ ., 4 2 2" 2 8 ) 3
~dilated orconstr? 0~ C c c D c c D~
environment® 7 " w C (- c c c c c
nerve" * ’. * +* - - - -
direction® N N 2 S 7 S
stimulation® . . . - - - * + *
case a1 2 34 ] 6 7?7 8
" .‘ ) \ .
» ) - \.‘\\,,
1. a=pumbiy of observations . >
2. D=dilated .- C=constricted
k} w=warm:.' € =cold
L s+=nerve intact,- = nerve severed
5 >=carstable. 7 :car warming,A:=car cooling
6. - =electrical stimulation off ,+=electrical stimulation on

'

SN
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pnder‘the influence cf electrical stimulation of the severed
sympathetic nerve (Case 6, Fig. 15), there was an even
largar negative arterio-auricular venous difference in

plasma noradrenaline concentrations. On one occasion, the

ear shcwed igns of dilatation uhile the stimulator was on

(Case 7, Fig. 15) w This\ was associated with a small
arterio-auricular venous difference in plasma noradrenaline

concentration, however, and could be. attributed to poor

contact between the stimulating electrodes and the,nerve.i

. 3 =~ -
on another occasion, when the sympathetic nerve was not

peing stimulated, the dilated ear showed a large negative

¥

arterio- auricular venous difference in plasna ncradrenaline
- concentration ‘(Case 8, Fig. 15). This: was accompanied by a

prief decrease in ear ’temperature,v suggesting tgat the |

-

recently severed nerve may have fired spontaneously. It is

also p0551ble that the nerve nay have fired in response to a.

<N

mechanical stimulation caused bK a shift in p051+1on of the

portion of'syrin?e tarrel hclding che electrodes' and the

nerve. ~

N } - : ]

The results of these trials suggest that the "hunting_

response" may be due to fluctuations in - the release cf

noradrenaline from the sympathetic nerves supplying the -

blcod vessels cf an e&tremity, since . there uas, a large
- _ ) ‘
arterio-venous difference in noradrenaline. concentration

1

across the ear dnly at times when the ear vtemperature was
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declining. The "continuous proportional control” type of

‘response méﬁtioned above might also be due to  fluctuations
"

in noradrenaline release from sympathetic nerve endings.

A

Ihis suggestion is supported by the observation that
arterio-ﬁenoué differenceé_ in nonadrenali&é were small at
tipes‘when the ear was cohstricted but maintaining a steady
ﬁemperatuﬁelkéaselz, Fig. 15). \

Whiig fluctuations in sympathetlc neural activity may
be involved in-éold inauced vagaﬁngaﬁatlon,A there remains

.:-‘\" v 9\;"' ,‘.-
the " question as to what mechanlsm mlght selectlvely ccntrol‘

the sympathetic neural activity of individual extremities.

Westfall (1977) has révieued mechapisms that might regulate
adrenergic transmission by altering the noradrenaliné‘output

from thé nérve ending. Several @echanksms that might resul+t
in temporary re@uqtion in adremnergic transmission are as
folloﬁ;: (a) inhibition of noradrenaline release by high
concentrations of noradrenaline itself, (b) 'inhipiticp . of
noraﬁrenéline‘ release by shbétahceéfprqdﬁced’locally by the
taféet tissue such aé‘PG as shown%}n ﬁﬁbjréhbit ear artery

\

by Hadazy (1976), (c): contralatérél neuronal control in
which release of acetylchéllne from  néfvés that terminate
near ad£¥nergic endings inhibits noradrenaliﬂe release, and
(d) control by locally formed or blood borne mediatofs such
as hisiimine cr dopamine.

In adggtion to ‘inhibitory,factors, there are several
. ¢«

-
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substances which are possible <enhancers .of noradrenaline

release. Two compounds have been suggesté& to facilitate
. - f\ )
the release of noradrenaline from sympathetic\cerve ~endings

~ 1

according' to the review by Westfall (1977). The first
compound, adréhaline, which.'may \@ctivate ): adrenergic

receptors on adrenergic nerve endings has already been

discussed. The second ccmpound suggested . to effect the

™~

: ‘ S
r2lease of nocradrenaline was angiotensin., Angiotensin was
L4

. . . D .
considered to act by enhancing relzase of 'noradremnaline
rather than Ly inhibiting re-uptake of noradrenaline as it
has been shown by several authors (Zimmerman and Gomez 196F%,

"Bell and McLenpn.J967)' Zimmerman and Gisslen 1968 and

Kadowitz et Q;L" - 1971¢) that,angioteAsin increases the

response to exogencus ncradrenaline.
. ~

Although no -definitive evidence exists *that

physiological 1levels of éngiotensin modify vasomgkdr tone,

Westfall (1977) suggested that angiotensin will facilitate

adrenergic neurotransmission. ~ Renin has been shown to ke
. o0 \
. ; : ‘ \
present in the blocd vessels of rats . (Rosenthal et al.
1969). A synthetic tetradecapeptide renin substrate and

purified hog renin potentféted vasoconstrictor response to

sympathetic stimulaticn of the _ isolated rat ‘meSenterié'

1

artery (Malik ,anq‘ Najletti” 1976) . This responSe‘;7wés

preVénted by an inhibitor of the qngiotensih I conﬁerting.

!

enzyie SQ20881 and ‘an angi¢ténsin I1 -+ receptor antagonist

=

® N . ’ '
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(Sér'Lle) AII. This suggested toO Westféhl " (1977) ~ the
utilization of ren{n cubstrate within the v&sqular. uali ky
renin Cr renihliké ~enzymes.'resulted in tHe formation of
angiotensin I which cén be converted toO aﬁgiétensin II
which, =~ in turn, enhances the vasopressor ;esponsé by
augnenting ‘noregpinephine release. These ideas are
consistent with the "igea that the, local generation of
angiotensin ‘IIA‘in plood vessels may play a. role  ihf“
modulating sympathetlc nerve activity. Clearly; there are a
pmultitude of factors uh;ch could conceivably be 1qvolved in
modulation of the release ot noradrenaline from sympathetic
nerves. The situation is furthgr‘coﬁplicated by the fact
that most of the subst?nces mentloned above which inflﬁence

noradrenaline 'release ‘alsawwhave direct effects on. smooth

muscle. %*?F' ;



152

Experiment 3 - 6
AP
i
The 1injection ' of isoproterenol (0.2 7pg7kg) ‘was

sufficient to significantiy increaée (P<0.05) héa;t rate
(Table 11) from 156 t 23 beats/min to 231 t+ 18 beats/ain.

Injection of propranolel (0.5 mg/kg) prcduced no significant
(P(0.0S); depression in heart rate. Following the
ptopranolol treatment, injection of isoproterenol did not-
induce \aichange in heart gate at 0 to 20 min post injection

(Table 11) suggesting the B blocking action of propranolorp

on the heart was ccmplete.. .

N
There was no significant effect of isoproterenol on the
maximum and ‘ﬁinimum skin temperatures 6: on the maximum
minus minim&mftémperature or the interval between '"hunting
réqunses"‘ beEFre dr“ after the propranolol (Table 11).
?hesé results suggqst that activationv ofv\p receptors on
vés@ular smooth = pmuscle is <;ot‘ a ‘probatle céuse of cold
ihduced vasodiiatation. ‘bh the other hangd, thére .is tﬁé‘
bpossibility\ that in thié expetiment, an insufficiént amount
of iSoproterenol. reached ,th%f constricted ears to  dause
dilatation; The ‘syétemic &ose of 0.2 pg/kg isoproterenocl
‘;appéargd ;o induce maximal heért rate responses as seen in
iable. ﬂi; ~ To avoid  the possib}lity of induéing serious
cardiac_arythmiaé in subsgquent- experiments higher dose

rates were: adm%histered subcutaneously intc

" the ear tissue’
, o ,

o
2%

rather than intravenously. o oy
. . . / g

3
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-

injections ct increasi amounts of the P agonist

isoproterencl on the dcrsalfv_in surface temperature of the
OPp Bt FAR P

%

ears’ in cold exposed (36}& & The isoproterenol dose
levels _of 160 to QCO Mg : 3;: sufficient to  cause
. T
statistically significant (P(OJ@S) increases in' the heart
rate of the sheep as shéun in Fig.' 17. However, no change
\ was found ih the =surface temperature qf the cold‘exposed
€ars. Qhe concéntration of isoproterehol in blood, although
sufficiént to'stimhlate.the&heart,'Houid likely be several
fold lcwer than the ' concentration within the ear tissue
following'subcuténedus ’injection: . These results suggest
that relatively 1little or no B ‘adrenergicq dilato; activity

occurs in the ‘blcod vessels of the ears in sheep.

\
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Table 12. The méan ear skln temperature and heart rate follow1ng
increasing subcutaneous doses of isoproterenol in cold
exposed (3-2C) sheep. 'Experiment 3-7.

Before After 2
Dose (ug) Isoproterenq; . Isoproterenol SE

1

,Ear skin . 100 5.4 4.9
temperature (C) 200 4.0 3.4
_ 400 6.7 6.6 0.37
Heart rate 100 . 65.02 , 71.52
(beat/min) 200 » 64.0a » 73.0b |
400 © 73.3 89.0 - 5.3

\

The number of observations per mean 1s three.
"2 gp - Standard error of the means.

a,b Means w;th dlfferent superscripts within a row dlffer

51gn1f{cantly (P<0.05).

o | _ o \ ~
S ~ o R

AP
e



ecar surface- temperature(C)

| IR 156

Figure 16 “ .
The effect of subcutaneous injection ot increasing:
doses of isoproterenol’ on ear surface

temper ature in éold exposea (-3C) sheep

before injection :l

. | after injection

100 200

isoproterenol (ug)




157

‘Figure 17

The effectof subcutaneous injection of mcreqsmg
doses of isoproterenol on heart rate ln cold -

exposed(-3C) sheep v - S
| before injection [__* | o

Q' I after i‘-n;éction

14
©
S

in béats/minule

heart rate

00 200

~ isoproterenol (pg)
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Experiment 3 ~ 8

i

The results of the four trials.  in which propranoloi

'(0.5 mg/kg) 'uas 1nfused either by the jugular vein, or the

carotid artery are shcun in Table 13. No sxgnlflcant

dlfrerences\ due to treatment were found in the max1mum ear
| !
\

skin temfperature, mlnlmum ear skin temperature,lthe maximum

minus phitpum  ear skin temperature or the interval between

“hunting responses". This data together with the data from~

experiments - 3 - - 6 and.3 1}7, suggest thatractivation of E

S ) , . v . L .
adrenergic recegtors is prqbably_ not the cause of the y

"hunting response”. The results of the present experlments

are not consistent*uith_those cf Fregly et al. (1976) who

-

reported dllatory effects of 1soproterenol dn the tail skin
‘in rat 4 In the experlments of Fregly et al. = (1976) the

total dose rate per kg was much hlgher (50 - 100 pmg/kg) than

rn tne present study. Hpvever, in experlment 3 -7, Lthe

SRR 2
direct subcutaneous 1n3ect10n of uoo pg of 1soproterenol in
sheep,'uould b@ expected to result in lpcal ear 'tlssue
concentrations at least’ as‘_high as'thbse achieved in the

tail skin of the rat. iIt; therefore,_seems uhlikely“that a:

p adrenergic dilatory mechanism exists in the cutaneous

s

? 1

.\;’ . .
Ihe lhfu51on of 0. 5 mg/kg of’ propranolol 'reduced the”
heart rate (P(O 05) in each. oﬁ tﬁe four trlals. Thls 15

agreement Hlth the flndlngs of: ﬁebster ;hd Hays (1968). :

- -

.There‘was/no effect on rectal temperature}

ot
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’

CONCLUSIONS

.

The skin of cattle and sheep contains large numbers of

y

mast cells which are found in groups surrounding blood
vessels, sebacecus -glands and within the connective tissue
surrounding the hair follicles. The number of mast cells is

greatest in the b@pillaryilaye:,of the skin and_ declines
V ) ! - \

toward the deeper reticular layer. The higher density of

the mast cells in the more superficial areas of the dernmis

L d

would suggest a role for these cells in the response of the

skin to éhahges in the external environment., Whether this

52

e 2

role is restricted to’ participation in the inflammatory

response to tissue injury - (Selye 1965) or ‘whether it

involves participaticn in responses of the skin to more

moderate envircnmental stimulation, such as air temperature -

qhangé}' remains to, be elucidated. Though temperé%ure digd

‘not appear to affect ‘mast cell numbers in cattle and sheep

in - this study, the relatigely large numbers present in the

skin and the close anatomical associaticn betweer mast cells
. & .

and plood vessels suggests the involvement of mast cells in

the " control of blood flow in response to ervircanmental

temperature: changes. 'fﬁistamihe,ﬁ one of jth%,' éompounds
released f;bm past c:11 granules, has vééodii§¢or propefties
in the skin.  Experiments described iﬁ7¢hapter_2\éndicate

that the ﬂcold cdnstricted_ ears’ of éheep‘;will‘widim in

: ) . k & ’ - - e - “ - - - N
response to .local subcutaneous injectior of hlstamlne.qnd
= T bl . ; : ’

k\\ . - ) .° . JI'\‘ . ‘l, .',7\

\ .
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,whlch is blocked by high ‘doses of H

agent Use

. H2 Dlocklng agent

161

X

that low doses.of an 31 reieptor blocking egent will reduce'
this 'resgonse. Howeveg,, simllar doses of Hl receptor
blocking agent dc not affect the naturally - oCcurring
"hunting response" in cold exposed sheep, suggest&ng that
the "hunting response" 1irn eheep is not mediated by an Hl
dilator mechanisbi. ‘ ‘ N

The lack ;cf reductlon ‘of the dilatory responses to
exogenous histamine followlng hlgh doses of the Hl blocking
agent, suggests that there may be two - populatlons of Hl
receptors having dlfferent afflnltles for histamlne. The
results can be interpreted as ev1dence for a hlgh affinity

-

pre-junctional Hl‘ dilator receptor possibly on - the

sympat ¥¢ nerve terminal which is blocked by lou doigs of

v

Hi blocklng agent and a lou - afflnlty ‘post Junctlonal 'Hl

constrictor " receptor possxbly on- the smooth muscle cells

l blocking agent. In

aaditlon,' there clearly must be anothen histamine receptor

thh medlates a dllatory response in the presencs,. of high

'doses of the Hl olccklng agents.5 This may be an’ H2 type of

s

histamine receptor. - The 51ngle dose rate . of H blocking

2
RN

in the present study did not 1nfluence skin

témperature.»responsesM'to' histamine,i or the 'naturally

occurring Whuntiniarecponse“ Houever, higher doees .of the,

ght be requlred to satl/jactorlly block
<
these receptor 51tes. Further studles are therefore/needed
. | R

¢
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to determine the Fpossible rolaf.of H, receptors in the

"hunting response'. . ;
1 B

The - entire surface of am individual ear Wwas shown to

warm and cool synchronously with the most distal portion of

the ear, reaching the highest temperature during a givyen

""hunting response" Therefore, the control of the "hunting

response" in the ears of sheep may be vested in the control

. . |
of the larger vessels rather' than the smaller  vessels

v

serving different localized areas within the ear. This

lends support to the " hypothesis that changes in neural

activity to the major blood vessels of an extremity may'be

the cause of the "hunting response'.

The p adrenergic,cagonist. isoproterenol and the B

» '0 .'

wk&

o g . )
"huntlng response" in the ear of sheep. This suggests that

‘these periodic dilataticns are not caused py the activation

of B adrenergic receptor sites.

> ' ‘, TN

féblol, daid not affect the

severing the stﬁafhétiC'herve to one side of the head‘

always resulted: in: an~1ncreased ear 'skin temperg}ure on the

portion A of the nerve resultcd in a constrlctlon thch was

-
-

v

-
'sustalned as long as there . was no Lnterruptlon of nerve

_nerve prevepted the "huntlnq response" but aid not result in.

same side. Contanucus electrlcal stlmulatlon of the cran1a1

”stlmulatlon. . Thus, contlnnpus elec{rxcal stimulatlon of the
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a complete cessation of blood flow or freezing cf the ear

tissues. In a similar manner, the infusion of noradrenaline

-~

“Ywas seeﬁ{tp'p§event hunting in an intact ear of sheep by

ﬁejer and Webste:‘(1971f. Sheep in a cold:envirchment'are,
‘therefore,ycapable of maintainine vsufficientuyﬁioba flow
‘through their extremities towmaintain the integrity of the
‘tissue without resorting to the *"hunting response". -This
appears to be an exeqple of t.e "continuous fpropcrtional
control'" of blood .floeg suggested by Meyer and Webster

(1%71) . Whereas the “hunting response" is berhaps.due to

periodic interruptitn of sympathetic neural -activity to the

larger - tlood vessels cf an extremity. The "“continuous
. ‘ ’“. \ .

tuned version c¢f the same mechanisn (perhaps. with the
. I . .
control vested in‘nuch smaller blood vessels such as the

artefiples)"or ?1ght involve a local build up of a, dllator
& . ’ -

 substance which ccunter balances the sympathetic neural

constrictor aétivity. “The first alternative is supported Ly

:the';_observation - of a large- negative arterio~Venous

dlfrerence in pIasma ncradrenaline concentratlon across the

b ¢

ear, only at times Hhen the ear temperature was. docllnlng.
There was little Qr 'npn difference in - noradrenallne

concentrat&on uhen the ear wds constrlcted but maintaining a

B
-

Constant temperatW{e. N
R I '.__ Coee Ty A
. P & - ) . R - - .
;The\~mechanis£§“by which sympathetic‘qeuraluactivitx to

1Y T~
. .

~

\ : ‘ . ,
proportional contrcl" may represent either a more finely

2

Ea
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an individual extremity might. fluctuate selectively and

independentiy to . result. in the "hunting response" or

"continuous propcrtional con'trol® have not been 1dent1f1ed.

A\ .
There are several tactors lnclud%ng hlstamlne, dopamine,

seratonin, noradrenaline,’ PG, and ~acetylcholine-.-that can

modulate release of ncradrenaline locally in tissues
(Westfall .1977). - These substances mighf be likely

A

candlaete5wfor ach1ev1ng "continuous proportional control"

f'bw nodulatlon of noradrenaline. release ' or

pOSSlbly ] irect dilatory effects on small arterioles. .

The cochlnation requ;red to dllate and. constrlct an entire

the "huntl%ﬁ

a ,somatosympathet1c¢ reflex,

the 1nh1b1tlon of cutanecu= vasoconstrlctor neurons’ in the

A

hlnd fqQot of the «cat (Janig 1975). It is conceivable that

1.

maximal vasoconstmiction and coollnqi.of an, ear to near

freezing = tgmgeratures provides a fioxious. stimilus which

téflexiveli i ighibits ~ the 1p511atera1 but_‘.not _ the

coﬂtraiatera14.vasoconstrictor nerves . to the ear vessels.

\
y

'Such a reflex coug§§re=ult in vacodllatatlon (i.e i-"hunting

S ‘ . -

response") ‘of one ear 1ndependently of the opp051te ear and

other extremltles. , o ¢

SN
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Appendix ' Table 3. vThe effects of carotid artery infusion
" ' of compound' 48/80 .on maximum and minimum
e ear skin" temperature, the maximum minus"
.(\ minimum ear skin temperature, the Lnterval

between*"huntlng responses "and. heart_rate
in cold exposed sheep. Trial-2,. Animal No.

1650.
\
‘Before . After a
_ a Cie . 48780 infusion - )
: . VRS (1 mg/kqg) ' \
S Right Left Right - Left ’ 1
v - ear . ear ... ear ' ear - SE
'Max ear.. . (C) 14.7°72; 3.5 18.08 455 0.86
skin temp. N T ‘ K ‘
‘ Min. ear  (C) . 2.7 0.5 8.4 1.0 0:35 .
skin temp. . : : K o
~ Difference (C) 12.0° 3.0% ¢ 9.6% 3.5 0.80
Interval  (s) 359 . 321 355 206 50
Heart rate : a S b . i )
(beat/min) . 192 232 - 14,8
SE = standard error of the mean. - ; B . ' |
Theé harmonic mean of the number of observatlons per ’

treatment was 3.21 for the 1nterval and 5. 45 for the
other parameters. .
a,b,c, oo . v
Means with dlfferent superscrlpts within rows are

significantly dlﬂferent (P<0 05;.P<0.25 for heart
rate).
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“#i;pendix Table 9. Design of preliminary trials in which hlstamlne HC1
infused via the jugular vein in cold exposed sheep.

<

Time ‘Length of
‘ - Volume after Length time monitored
. Room of previous of after each
2 Temperature ‘Dose infusate infusion infusion infusion
Trial Animal (c). Ng/kg {ml1) (min) (min) (min)
1 1649 -25 0.5 10 2 25
-30 0.5 10 32 2 25
-27 0.75 10 27 2 20
=27 0.75 10 - 58 2 15
-27 0.75 10 17 2 25
2 1691 =23 0.01 1.5 2 20
. =24 0.02 3.0 35 2 25 -
=25 0.03 4.5 32 2 32
- =25.5 0.04 6.0 34 2 32
-26.5 0.05 7.5 34 2 55
T -27.5 0.06 9.0 57 2 40
-28.5 . 0.07 10.5 45 2 35
-28.5 0.50 1.0 36 . 2 15
-29.0 saline 9.0 23 2 15s
-29.0 0.66 0.6 - S 23 2 16
-29.5 1.0 2.0 28 2 20
. N »
3 0521 -24 0.01 1.3 2. .25,
’ -25 0.02 2.7 28 2 20
-26-. 0.03. 3.9 27 2 30
-28 0.04 - 5.2 . 60 2 10
* Ca . b
4 0597 -21.5 0.01 1.3 2 20
-22.0 0.01 1.3 83 2 25
-23.5 0.02 2.7 28 2 25
T =22.5 0.4 .50 36 2 10
-24 ,0.5 .65 15 ’ 2 20
-24 0.5 - .65 20 2 10
-24 0.2 .24 10 -~ 2 190
lAll chemicals and procedures are identical to those described for experiment 2-2,
Cchapter 2. '
2

1649, Suffolk wether 79kg, 1691 and 0521, Suffolk X Chev1ot wathers 30 and 65
kg, respectlvely, and 0597 Chevxot wether 65 kg. -

i
Ty
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Appendix Tableée 10. The effects of jugular infusion of histamine
) on the maximum and minimum ear skin temper-
: atures, the mean of the maximum minus mi”’mum?
. ear skin temperature, interval between
"hunting responses" and the heart rate in
cold exposed sheep.  Trial 1, Animal No. 1649.

Ear Skin Temperature (C) "Hunting

Response"” Heart
Dose Maximum Mihimum Differ- ~interval rate
(rg/kg) ence (s) {beat/min)
Prei: “usion 7.28 2.6 2.62P 431 234
0.50 6.7 2.6 4.1P 328 240
0.50 8.4 2.8 5.52P 335 240
0.75 8.5 1.8 6.7% 650 240
0..75 5.6 1.6 3.9° 116 230
’ .- b » »
0.75 - 5.6 1.3 * 4.3 331 220
1 2 - \ ‘ .
SE 0.31 0.16 | 0.62 65 2

1 The harmonic mean of the number of ebservations per treatment was

4.54 for the interval and 5.74 for the other parameters.

2 SE~stantard 9r£or of the ﬁean.

a’b—Means_with different superscripts differ significantly
(P<0.05). -

4 ' . .

.o
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Appendix Table 1l. The effects of jugular infusion of histamine

’ ’ on the .maximum and minimum ear skin temper-

- atures, the mean of the maximum minus minimum
ear skin temperature, interval between
"hunting responses"” and heart rate in cold
exposed sheep. Trial 2, Animal No. 1691.

' Ear Skiﬁ,Temperaturé 5;1—_:H§nting
o - Response” Heart

Dose Maximum Minimum Diff;r— interval rate
(Hg/kg) ) ence (s) (beat/min})
Preinfusion  4.9°Y  _0.6¢ 5.5 308 220
0.01 6.2°¢ 0.4°° 5.8 252, 236
0.02 12,12 " g.sabc 9.2 415 224 —~—
0.03 9.23¢ - 3,3 ¢, 319 216 '
0.04 | 8.23P¢ 3 930 4 246 224
0.05 " 10.62 5.0 5.6 382 240
0.06 10,77 45 g p 386 232
0.07 7.4bP¢ 3.62> 3.9 338 224 \
0.50 - g.73be . 3 3abc g, 440 212 |
6.66 {1  g.p3bc  4ab g o 338" 220 : 3
1.00 -2 233 ¢ 5 Tass T 220 '
saline 8,33 g gbc 4 4 —— 224

se? 0.99 0.92  0.33 " 41 3

1 The harmonic mean of the number of observations per treatment

was 2.11 for the interval and 3.74 for the other parameters.

- ~
2 SE~standard error of the mean.
’ ©

-Means with different superscripts within. columns differ
significantly .(P<0.01). ' .

a,b,c
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The effects of jugular“infusion of histamine
on “the maximum and minimum ear skin temper-
atures, the mean of the maximum minus minimum
ear skin temperature, interval between
, "hunting responses" and heart rate in cold
' exposed sheep. ETial 3, Animal No. 0521.
-~

[§8)
.

Appendix Takle 1

IR B ' ~

Al Ear Skin Temperature -(C) "Hunting
Response” Heart - -
~ Dose © Maximum Minimum Differ- interval rate
(pg/kg) ' ‘ “énce ‘ (s) (beat/min)
Preinfusion 8,431  2.92 5.6 365 96
0.01 6.62® 2002 4.7 234 132
0.02 - 6,57 1.4® 5 259 132
0.03 o 5.2° 0 _0.7° s 333 168
: T -’
1 0.04 5.7° - 0.2°¢ 5.5 285 156
se? 0.59 0.2 0.3 35 - 11

\

1 The harmonlc means™>of the number of observations per treatment

was 5.10 for the interval and 6.63 for the other parameters.

2 SE-standard error of the mean.

a,b,c ~Means w1th dlfferent superscrlpts within columns dlffer

51gn1f1cantly (P<0. 05)
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Appendix Table 13 The effects of jugular infusions of histamine
) o on the maximum and minimum ear skin temper—
atures, the neam of the maximum minus mirimum
ear skin temperature, interval between i
- -~ "hunting responses” and heart rate in cold
o « exposed sheep. Trial.4, Animal.No. Q597

-

Ear Skin Temperature (C) . "Hunting

v = — . ,gespoqse" Heart
Dose . Maximum Minimum Differ- interval rate .
(pa/kg) ence ' (s) (beat/min)
Preinfusion = 2.9% 1.5 4.3, " 90 110 ' ,
o.oi . 2.0 -1.5 3.6 So3es 120 ,
Co.or 2.7 0.5 1.9 - s25° . .120 €
0402 2.3 —0.5 2.8 N 360 120
. \-” 6.2__. 0.8 -1.4 ;2.2 o210 132 )
040 13 -5 2.8 . ——= . 18
0.50 - 1.7 -0.5 2.8 209 - 160
Toeso 0 -1 2.1 1 “1s0 170
se? . 0.29°  0.28  0.28 82 9

1 The harmonlc mean of the number of observations per. treatment
was 2.36 for the lnterval and 3.01 for the other parameters.

5 N

E-standard error of the mean.



