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l;Ah;doses rang1ng from 0. 15 to 0 90 ug/kg/m1n and to assess the L
V o t1ssue turnover rate of NA in. warm- and co]d acc11mated |
_.,]pisheep The p]asma NA and A 1evels were cons1stent]y e1eVated fﬁff}ff
2 to. 3 fO]d r\eSPethe]y':‘" sheep expOsed to chron1c }ljp/7w' |
;npf;moderate (8 9 C) co]d “for 44 days ’For a 50 day per1od , 7aj7ttf;gff§;
.;»7‘between the hours of 2200 and 800 the 1nterm1ttent cold L o
::t_exposed sheep were subJected to 10w amb1ent temperatures -}T,[
,t;( -2- 4 C) Plasma NA concentrat1on. measured 1n the e
- ﬂxnterm1ttent cold exposed sheep during the warm (19 24 C)‘
*_’WhTCh were held at 22~2S—Cr—lnienmatient cold exposure d1d: . f”;ﬁ.?tff f

.fjenot result 1n a s1gn1f1cant elevat1on in. thermoneqé{al

'ln,product1on of sheep acc]1mated to 19 24 C‘for 3 to 8 weeksfd”i"”
, n1ncreased 35% and the h at product1on response to A of sheep “te,u
7~;acc11mated to 8 13°C (53% 1ncrease in heat product1on) was o

‘ s1gn1f1cant1y (P<0. 01) greater than that of the

’Vs1m11ar max1mum 30% 1ncrease }n heat product1on 1n the warm- R Aﬂ'.f'

"'and cold accl1mated sheep Sh1ver1ng was rarely observed

;Studtes were carr1ed out to determ1ne the effect

*catecholam1ne 1evels 1n sheep, to determ1ne 1n warm- and
*co]d accl1mated sheep the calor1gentc response to adrena11ne «vgfﬁtf

.(A)-and and noradrenaltne (NA) 1ntraJugu1ar 1nfus1oqs at

»\!’...u v
A M

Abstract

.

f chroninf-.‘gi‘”‘

moderate and 1nterm1ttent cold exposure on plasma

'S

-f.t”f*nx

PUESURTE SN

/\

dayt1me per1od was at least 3 t1mes that of coqtpo1 sheepfh77 :%ff.;“if

/ I BT
p]asma A concentratton "~/7t"‘-f5v-;“'. ;»-‘

Dur1ng A 1nfus1ons of 2 5 h duratton the heat PP o ;;E,if’ft1¢

warm accl1mated sheep Noradrenallne 1nfus1on caused a. “;: e

. A\l




”VA,temperatures

f'tdur1ng catecholamtne 1nfus1ons The thermoneutral heat B

»“f.productton of cold accltmated sheep was greaterhthan that off-7*

N L P
"'warm accltmated sheep by 2% pér C dtfference 1n'ﬂccl1matton AR

The heat productton response of sheep to cold'may

‘1 1nvolve some catecholam1ne st1mulated heat product1on SIneesh?fﬁf;
I._}pbOth A and NA were found to be catortgen1c 1n T

'”lf7;warm accltmated sheep and plasma concentratton oft~-i“tt't”

'n{~catecholam1nes was found to be elevated throughout prolonged

o pertods of cold exposure Adrenaltne %alor1gene51s 1n sheep

; may take on an even more 1mportant thermogen1c role

follow1ng cold accltmatton when the sens1t1vity of the f

R an1mal to thts hormone 1ncreases

As determtned by measur1ng the dtsappearance of

f”1n3ected 3H noradrenal1ne from ttssue stores,}the turnover

ttfrate of NA 1n the leg sktneof czﬂd accl1mated sheep was

"f?three t1mes that found 1n warm accl1mated sheep but cold

'",”'turnover mate v;:]*ﬂ?tjf:?ftiipg:f~m,j${ﬁ'jt

accl1mat1on d1d not 51gn1ftcantly affect,gut ttssue NA

)

The studles show that plasma catechoTﬁm1ne

F— concentrat1ons rematn elevated durtng a pertod of long term

- cold exposure and 1t is posslble that the demonstrated _;1,‘~. -

calortgenic effect of catecholam1nes 1n sheep could

L4

contrtbute to the lncreased thermoneutral heat productton

~

"’ff,' and cold 1nduced heat productton of cold accl1mated sheep.;

N . aow B .
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| I Introduct1on o

el

'3f{f¢The metabol1c accllmat1on of adult sheep and Cattle 1o low

‘fnfylfti-ﬂenv1ronmental temperatures is character1zed by an elevftﬁon'?j?ifig??i
7ﬁf%ﬂ,1n thermoneutral heat product1on (Web:ter et al 1969b Young 3
: Z;&{1975),,an enhanced ab1l1ty to ralse h at product1on dur1ng

'”i{;:‘ﬁyvery severe cold exposure (Webste_ et al 1969b) and poss1bly

.}q;?ia peplacement of ShlVeLng w1th nonsh1ver1ng thermogenesws

""“fLE(SIee 1972 Young 1975) There is dlso, ev1dence (§lee 1972 !if}uff*

”ffWebster et al 1969b) that the nature of accl1mat1on 1s

'-abgfiildependent on. the type of cold expoSUre Factors whach

'%ié;med1ate the,metabolic_accl1mat1on of rum1nants to cold aré ‘;;fiif:%f

'n{:f;UnKnown but a role played by both the thyro1d and‘~L;ft¥£b5£fi;“;ffiff

'?;;isympathetlcoadrenal medullary systems has been sugéested S

f'.;fféilYoung 1975) Although elevated plasma noradrenaltne and
ifh;fadrenal1ne levels are found 1n acutely cold exposed sheep

. , 2-f{;;;(Thompson et al 1978) and plasma noradrenallne level has f:kitfksﬂe?ff

' gbeen shown to be elevated in. sheared sheep expose/% for four

’tifﬂsjgweeks to moderate cold (Chr1stopherson et al 1978). a nole :ffff*ffﬂ

‘a:7ffplayed by the catecholam1nes 1n med1at1ng the metabol1c _
{3?;accl1mat1on of sheepato cold has been disputed because the “ftéff{f

?!%gr;ff”ﬁfigfresults of Webster et al (1969a) ind1cate that . ;y*fiwftﬂ»ffﬁfiff
o ”Lf?ffcatecholam1nes are not calortgen1c 1n sheep .\-:-:,;3«;,,3v_.,;-

' Another response of sheep to chrontc cold exposure 1s
”lffsﬁfan 1ncrease 1n ret1culorumen mot1l1ty (Westra and ' ’ ‘ o
t*f"fChristopherson 1976) wh1ch apparently contr1butes to reduced

'°‘77f}ret1culorumen retention t1me and reduced f¢3d d‘QQStib‘]ity

3'773;ﬂ(Kennedy et al 1977) The effect of chron1c cold exposure on ‘ffff;;f




) el § 2y -

4
n

:ret1culorumen retent1on t1me and ‘feed dtgest1b1l'ty could
7only be part1ally attrtbuted to a change:ﬂn thyj:1d fuhdt1on
'and a contr1but1on by catecholamtnes was 1mpl1cated |
o The. a1mhof the present s tudy was to assess, by *‘7”{_
'pmeasurtng plasma catecholam1ne levels and noradrenallne |
'fturnover rate. the response of the sympathet1c nervous
system of sheep to long term cold exposure and to o L ;'tfﬁf'
| re Jnvesttgate the poss1b1l1ty that catecholamtnes are B |
’ calor1gentc 1n adult sheep In Study 1 pl@sma catecholam1ne
Alevels were: compared in sheep subJected to. control moderate
'mcold or 1Qterm1ttent cold temperature treatments Cort1sol
metabolwsm and thermoneutral heat productlon were also
lfmeasured dur1ng the per1od of cold exposure such that the
"'nature of accl1matton could be compare} between treatment
| tgroups In Study 2 the calorlgentc effects "of adrenal1ne and
noradrenal1ne were exam1ned in sheep accl1mated for three to3;'
-e1ght weeks to e1ther warm or moderately cold temperatures
In Study 3 a rad1otsotope "technique prev1ously used w1th ;
I.small mammals for the assessment of noradrenal1ne turnover-
‘;rate}was appl1ed to sheep accllmatdd for e1ght weeKs to warmt
- or modérately cold temperatures .
-+ . In addition, because cold accltmat1on of‘shegp results
-in dtgesttve as well as. metaboltc alterations, when :
. poss1ble dlgest1ve respdhses to cold and catecholam1nes
" weré studied The rumen mot1l1ty response to 1ntravenous

L] f

" infusions of adrenaltne and noradrenallne was studted in

‘»Study 2 and gut t1ssue catecholam1ne levels and

A



_noradrenal1ne turnover rate as . well as gastro1ntest1nal

"ffforgan we1ghts of warm and co]d acc]1mated sheep were

‘ Tcompared ih Study 3
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ﬁvEndocrlne and Metabol1c Changes 1n Sheep Assoc1ated w1th
Accllmatfon to Constant or Interm1ttent Cold Exposure

| sz Abstract

-Ji The plasma noradrenaltne (NA). adrenaltne (A) and

' ﬂa*ddopam1ne (DA) levels and cort1sol metabol1sm were stud1ed 1n.,“ﬁi'

"15{wthree groups of three sheared year old wethers exposed for

df”d]SO d to e1ther 22 26 C 8 9° C or to 19 24 C from 900 h to l?&t]&5£7

2100 b and -254°C from 2200 to 800 h. Plasma sanples for’

?l'catecholamtne and cort1sol determ1nat1on were taKen once per.f,§f7f

‘week three h- follow1ng the da1ly 800 h and 1700\h feeding

f';per1ods M1dway and. near ‘the end of the 50 d exposure per1odfﬂftthf

'hcort1sol entry rate and metabol1c clearance rate‘(cMCR) were’ f fffp

techntque.j

est1mated us1ng a 3H cort1sol cont1nuous 1nfus1o

e and resplred gas analys1s was used to est1mate the heat t,”,‘\

'»5product1on (HP) of all sheep when fasted 51 h and exposed to _hf's'

"{;thermoneutral temperatures j»j;,_, ,i-."u "”"V -'Q;jétrl
o An 1ncrease 1n thermoneutral HP follow1ng 27 30 d of |

”doold exposure 1nd1cated that sheep of both cold treatment

~,~,g~. -

‘groups had developed some form of cold accl1mat1on Exposureﬁt“"

. of sheep to 8 9 C resulted in a three and two- fold 1ncrease;51

~ in plasma NA and A levels, respect1vely, and the elevated L

.levels were malntatned for the durat1on of the tr1al

Nightly cold exposure of the 1nterm1ttent sold exposed sheep »»gf

"1n1t1ally resulted in greatly elevated daytime plasma NA -

. levels but these levels tended to decrease over t1me ‘) N B



1

. s Interm1ttent co]d exposure d1d not s1gn1f1cant1y affect

A 'tplasma A level and ne1ther of the two cold treatments

.js1gn1f1cant1y affected plasma DA 1eve1 Chron1c exposure to-

't8 -9° C but not 1nterm1ttent cold exposure caused an’ 1ncreaser Sl

“f*g1n cMCR and plasma cort1sol level Cort1sol entry rate d1d }:'tj'

"N‘;lnot d1ffer s1gn1f1cantly between treatment groups



'W"1n cort1sol metabollc clearancv

B Introductlon _"»4;<],' L .’T g ’;;
| The accl1mat1zat1on of sheep to W1nter cond1t1ons and

’ the laboratory accl1mat1on of sheep to constant low

'f'temperature both result 1n elevated thermoneutral heatf}vf‘f.V'

| 'product1on (Webster et al 1969b) Low temperature o

- Maccl1matlon results 1n an enhanced ab1l1ty of sheep tof i

‘-,jffpespond metabollcally to a thermally threatenlng env1ronment? ;f
= Tifa( -30° foR for 3 h) wh1le w1nter accl1mat1zat1on seems to be =
'*=;;character1zed by a supressed metabol1c response to acute

1:f?lcold (Webster et al 1969b) It 1s poss1ble that the <;fﬂ«‘jif

'71nterm1ttancy of cold stress 1n a w1nter env1ronment 1s an

- irepeated short cold shocks (Slee 1972)

The endocr1nology of cold accllmat1on in sheep was IR

: hpi“catecholam1nes was found to be 1nversely related to the
;”"1§'temperature of accl1mat1on..Plasma concentrat1ons of :

| adrenallne (A) and n&radrenal1ne (NA) have: since been found S

I

»~nnto be elevated follow1ng a four week exposure of shorn sheephi~‘

:'to 2- 5 'C (Chr1stopherson et ‘al ;978) The plasma

ff“catecholam1ne levels of sheep ex osed to low temperature for,li],g-
f_dna Q/rlod longer than four weeks'or exposed to 1nterm1ttent

- cold and warm temperatures have not been stud1ed Increasesf~tj'v'

rate entry rate and plasma
frlevel have been observed upon cute cold exposure of sheep
'-l(Panaretto and V1ckery 1970 972) but these endocr1ne

| parameters have not been stu’1ed 1n sheep under cond1t1ons

3

":3,deffector to wh1ch sheep hab1tuate as do sheep exposed to /’?hihr”t

VH:ﬁjf1rst stud1ed by Webster et al (1969a) Ur1nary excret1on off-tfll*



“ ffsof prolonged constant or 1nterm1ttent co]d exposure

V;ttreatments The present study was des1gned to determ1ne the:.

.VGEfeffects of long term constant or 1nterm1ttent cold exposure L

?fif‘;eV'ifg_ffon plasma oatecho]am1ne and cort1so] levels as well as’ ’f
"V[add1tlon, thermoneutral H& heart rate (HR) and rectal

"“ﬁfi7a0011matpon developid under the d1fferent 1ong term ?;f7"’ N

-f(d-atemperature reg1mes f_‘_f,b"“*’vafV"wf"“
ke N &_mivf;;fj'j“

'fd‘cort1sol metabol1c clearanoe and entry rate 1n sheep I’}hhtﬂffu-

"f}temperature (RT) were mon1tored as 1nd1cators of the type oF]f}?;f



"{metaboltsm crates 1n e1ther a hold1ng room or contro]]ed

C Mater1a1 ‘and Methods fg”‘igycp; "
Year o]d wethers averag1ng 39 Kg were shorn once weekly

'tjto a fleece depth of 4- -6 mm and were housed 1n 1nd1V1dua1 ;5if“~f

ﬂfienv1ronmenta1 chambers Pr1or to cold exposure 311 an1malsl t};h.’

i ~L:’were held for 28 days at g2- 29 ¢ such that pre- ~cold”

“'parameters could be assessed For the 50 day eXposure per1od

U‘74;three control (C) sheep were he]d at 22 26 C three Chrontc tffffp

~v:f'co]d exposed (CC) sheep were he]d at 8 9 C and three

f%iitntermtttent cold exposed (IC) sheep were held 1n an

: fdfenv1ronment where amb1ent temperature ranged from 2 to 4 C

B aﬁffkfrom 2200 h to 800 h and from 19 to- 24 c from 900 h to 2100

Che “The two cotd regtmes were des1gned to prov1de\sim11ar Tpfff?fy”’

”*]fff:fdegree hours per day below the lower cr1t1ca1 temperatUPe Of

f\_ .

"wfgshorn sheep and temperatures of 19 - 24 C were w1th1n the

'*]f:tthermoneutral zone of shorn sheep ROOm 11ght1ng was h;ﬁi ':

‘fifconttnuous and the sheep were fed datly at 800 h- and 1700 h

“’iTO ensure that al] sheep would ma1nta1n body wetght

; T-}fthPOUQhOUt the expep]ment sheep 1n a thermoneutral

'*f-env1ronment rece1ved 550 g of alfalfa pe]]ets and sheep 1” };iT;:n

; “ft,the colderaenv1ronments recetved 650 g at each feedtng

. '-hs:Fresh water and cobalt 1od1zed salt were offered ad Jlbitum

Blood samples were taken v1a 1ndwe111ng Jugular

'h;cannulae at 1100 h and 2000 h on days 14 and 1§ of the

’”tljipre exposure period and on days 1, 2 9 15 23 37 and 44

inf the d1fferent1a1 temperature eXPOSUPe pertods To

“fﬁ.m1n1m1ze emot1ona1 dtsturbance of the sheep at the t1me of



M

f

-erblood sampl1ng the cannulae were 1nserted at least 1 day;

"ydlpr1or to sampl1ng At ﬂeast 1 h prior: “to sampl1ng the -

\f'lcannulae were extended through portholes SO that samples:f

.ffcould be taken wwthout laboratory personnel enter1ng the*'

',sdfan1mal rooms The 10 ml blood samples were collected 1n 10

"',;ddlm] d1sposable syr1nges conta1n1ng 200 ul glutath1one/EGTA

: f{{fpreservat1ve solut10n as descrlbed by Peuler and dohnson

f'5(1977) A small volume of blood was set as1de for hematocr1tffhf?l

| :"’ffideterm1nat1on and the remalnder was transferred to glass

";:“zjcentp1fuge tubes pre ch1lled 1n an- 1ce bath Follow1ng

'35fd1mmed1ate centr1fugat1on of the blood at 16 000 X G and 4 C-ffh‘}?

imﬁYlfOr 5 min’ the plasma was transferred to small plast1c V1als dfk;if

”dVyytfand was qu1cKly frozen on dry 1ce and stored at -40 C

Plasma concentrat1ons of NA A and dopam1ne (DA) were

ffmeasured by the rad1oenzymat1c assay techn1que of Peuler and:h57)f

; hyfdohnson (1977) w1th some m1nor mod1f1cat1ons Plasma samplesjtffiﬁ

d'~ég;of 100 ul- volume were analyzed and the acet1c ac1d/ethanol

'“V,extracts were appl1ed to Whatman multtchannel s1l1ca gel L

‘-'-plates (18 channels,,250 um th1ckness) The 31l1ca gel

"ffgcompr151ng the methoxytyram1ne zone was treated as t;fl»'r"d“"""

‘ffrecommended by the UpJohn Co (Kalamazoo, M1ch1gan) 1n the

'i”hiﬂCat A K1t procedure manual A Mark III L1qu1d Sc1nt1llat1on 7t”rf7

::"f‘spectpometer/(Searle Analytlc Inc b Des Plames. IH ) was '

| ’*I”used to measure rad1oact1v1ty lf‘;-,,~?F:f57;,iQf~f5‘f;:"?fﬁ57

N e

L Dur1ng days 2 5 and 35 38 of the 50 day exposure period;f:fg?

'tf_;cort1sol metabol1c clearance rate (cMCR) and entry rate wereff

"_Test1mated us1ng the 3H cort1sol cont+nuous 1nfus1on



RPN
I Y

':'techmque'of Marple and Cassens (1973) At least 3. days LI
':jypr1or to'a cort1sol metabol1sm tr1al each sheep was - e
’Té;lmplanted W1th an 1nfus1on catheter 25 cm 1nto the r1ght

'7tjugular ve1n and a sampl1ng catheter 15 cm 1nto the left B

llJug‘lar ve1n At 1000 h on the day of the tr1al the '

vﬁ_(ifcatheters Wthh were 3.m 1n length were extended to a.
__y;:i!sampl1ng stat1on outs1de the an1mal room Commenc]ﬂg at 1200;iff7'
.fnzéah 1) 2 3H cort1sol (Amersham, spec1f1c act1v1ty 41 C1/mM) }ET{T -
_ﬁ?_:d;i1n sterlle sal1ne conta1n1ng 2% ethanol was 1nfused (1 0 |
,6llfﬁfml/m1n) at a dose ratezgf 0 5 uC1/m1n for 4 h A lambda pump;;tfikli
.%%ikilModel l300 Harvard Apparatus Co', Mass ) was used to pUMp af°ﬁz,=i=

_:di ??;the 1nfusate from a reservo1r held 1n an 1ce water bath ,j;;d;j§¥_vu
'f}rbipFlve blood samples each of 7 ml volume. taKen 1nto S
“afafnhepar1n1zed syrtnges dur1ng the last 40 mxn of 1nfus1on;;¥;f4vfyﬂxa
” ”7fwere centr1fuged and the plasma was stored at 20 C unt1lu

| E:’fiiequ1llbr1um concentrataon of labelled and unlabelled o
: #ef'iﬁcort1sol could be determ1ned Plasma concentratlon of

: ffSH cort1sol was determ1ned by extractlng 400 ul plasma w1thv15ri;l"f
b,4 ml ethanol To est1mate recovery 3000 d p m of ‘d' : p:
»”4 HC cortlsol (Amersham, spec1f1c act1v1ty 53 m@i/mM) wasapﬁilfﬁ“

1“7{dfadded to. the plasma pr1or to extract1en The ethandl eftracti~jl;fuf

o] & j

'.d;was drted under n1trogen and the sample was PeCOﬂSt1tuted o
”["w1th 200 ul ethanol benzene (1 10) conta1n1ng 2 ng/ml '
5 yfcarrler cort1sol The sample was then appl1ed to a 250 um
"tdnlth1ck flourescent s1l1ca gel plate and the plate was |
i::ydeveloped for 20 m1n 1n a benzene acetone (50 50) solvent

e system ACS sc1nt1llat1on flu1d (Amersham) was used for dual{;j;-*f'



31abe1 counttng in the Mark III Spectrometer

ftfRad1o1mmunoassay of p1asma cort1501 was performed by the USGA%,JT'

“fyof a M1cromed1c D 0302 Cort1301 Autopak (M1cromed1c Systemsf"7}7'*

"n;fleorsham,_Pa ) 1n conJunct1on w1th a gamma counter (B1ogamma.ft:f_f'

'7deecKman Instruments Inc ; Fu]]erton Ca11f ) for the

”f[]determ1nat1on of 1251 The cMCR (1/m1n) was catculated as

"*st,gthe ratto of 1nfus1on rate of 3H cortlso] (uC1/m1n) to mean;fr i

's“77equ111br1um plasma concentrat1on of 3H-'COrt1so1 (uC1/1)

va;"l;j'f_‘-Corhso] entry rate was the product oﬁ’cMCR and plasmafe’5’t

*ng;cort1sol concentratton (ug/l)

Fast1ng thermoneutral HP HR and RT were monttored

"33}}ddur1ng the last weeK of the pre eXPOSUFe pertod and durlng

ftd_days 27 30 and 48 50 of the 50 day d1fferent1al temper‘atUpe f;ﬁ}iﬁ:
"12fﬁ{fexposure per1od N1neteen h prior to the mon1tor1ng of theseﬁr:§?“#
}"ffparametere/ the sheep, 1n groups of three were transferred ngffff

. from the1r regular env1ronments to an env1ronmental chamber ?f,f“”‘

'*ﬂ:sw1th an amb1ent temperature of 24 26 C Th1rty two h DPTOF

hri,to th1s and unt11 the tr1al was over. feed but not water wasd:fffﬂ?

"::flgﬂ}wathhe1d HP was est1mated by measurmng resp1red as V02 andftj;krf

"“%ffVC02 us1ng an open c1rCU1t pe5p1ratory pattern ana]yzer

:w{bh(Young et al 1975) connected to a

off'wh1ch the sheep ﬁ%d become PPeY10?:;d

Pnt111ated face masK to

accustomed A

"'ftherm1stor probe 1nserted 15. cm was used to mon1tor RT

'°7eﬁMon1tor1ng eQU1pment was attached to the sheep prior to 1000?35f2fw

z'{.h and an1mals were 1eft und1sturbed for the balance of the

“'ftr1al Commen01ng at 1100 h and cont1nu1ng unt11 1530 h the f;f”}

i V.'respired gases of the three sheep were mon1tored over




' vujalternat1ng 30 m1n 1ntervals Heart rate and RT were ;h*t

TR E- ‘

::recorded at 10 m1n 1ntervals Dur1ng a 22 h per1od each week E

"'ft;tlme spent standing by each sheep was recorded

H3f7f;re1ectron1cally to an accuracy of 0. 5 m1n, Th15 data w111 be

t‘¥af}reported elseWhere Also t1me spent stand1ng was recorded Ufffffy
,(:lahﬂdurlng the measurement of HP AdJustments of HP HR and RTﬁﬂfiia;J:lf
'f”*i;dfor stand1ng were made us1ng covar1ate analys1s (Stee] andtQA;hita?ig

. O C ) : SN B
Stat1st1ca1 analysls was by least squares ana1ys1s ofv_?:ng”;a

'iﬂéHvaPiance and, where app11cab1e the Student Néwman Keuls ffat;erﬂﬂ~

& ui:ftest of mean d1fferences (Steel and Torr1e 1960)



e D. Results [i”h

| Table 1 presents mean plasma NA A and DA values for

"‘Fthe three treatment groups pre expOSUPe dUPan days 1 2 Of o
'l"fh_exposure, and durwng days 9-44 of exPOSL"‘e The mean plasma-zi
.'»:JENA concentrat1ons of the two cold treatment QPOUPS were“,

} e;s,gn1f1cantly (P<0 05) greater than that of controls The

“5i{s1gn1flcant (P<0 05) treatment x per1od 1nteract1on for NA@ﬁ
~_1nd1cated that the plasma NA level of the two cold treatment ER

ol groups but not of the control group 1ncreased dur1ng the

'd1f erent1al temperature reg1mes A max1mum mean plasma NA

J,;;level of 1 33 ng/ml was observed 1n the IC sheep dur1ng dayéffifilﬁ#i

)

' 'IE:;T 2. Temperature treatment also had a s1gn1f1cant (P(O 05)
alf;effect on- plasma A concentrat1on but only the ]evel Of the 2;75ﬁ7t5
%_dfCC sheep was gpeatep (P<0 05) than that of controls ‘1' 5

't“lf;Although the 1nterm1ttent cold treatment d1d cause a. small

zzfi.fn1ncrease 1n plasma A level the s1gq1f1cant (P<0 05)

‘h}fy»treatment by per1od 1nteraet1on was malnly due to the _
, atg:SUbstant1al elevat1on 1n plasma A level of the chron1c cold L
i -tiexposed group dur1ng days 1- 2 and days 9 44 There was a ﬁattgrdF

| ':-;A'{.-‘[s1gmf1cant (P(O 05) pemod effect on plasma DA level in

}‘TA;:°that a]l groups had the lowest DA level durlng the } 1 |
'f'a;ppe exposure per1od The 1ncrease 1n plasma DA level uponl
lt:{the enforcement of the d1fferent1al teMPePatUPe reg1mes was fDﬁ?;va

'rTf}greater 1n the two cold treatment groups than 1n the controli;{x

-”Uﬁfvgroup but th1s effg;t of tpeatment was not s1gn1f1cant

The only s1gn1f1cant t1me of sampl1ng effect was that

Tftfound for the IC sheep dur1ng eXposure days 1 2 Dur1ng thlSAZJGDaf

- ‘ :. :"-': S
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'ftpertod the 2000 h mean . 1eve1 of NA (2 15 ng/m]) was | -
’s1gn1f1cantly (P<O 05) greater than the 1100 h level of 0.51

“. 3 :ng/ml t . : :
| Mean blood hematocr:t values are g1ven in Tab]e 24 Only
o ; {iithe temperature treatment X perlod effect was s1gn1f1cant
',‘§%§&;;(P<O 01) Hematocrit of CC sheep rose steadtly with time of
§§. ‘exposure wh11e»that‘of the control sheep~;ec11ned somewha t |
fand that of 1IC sheep rema1ned relatlvely constant
dMean plasma cort1sol concentrat1ons are gtven in Table
3 The large standard errors are a resu]t of very h1gh B
"plasma concentrat1ons of COPtJSO] greater than 20 ug/l
;found in 12% of the samples Th1s var1ab1l1ty 1s probably
'related to the 1nterm1ttent nature of cortisol secret1on |
from the adrena; cortex of sheep as shown by McNatty et
.al 11972) The effect of temperature treatment on plasma \
‘-cort1sot concentrat1on was not s1gn1f1cant (P>0 05). Mean
plasma cort1sol concentrat1onsfor days 9-44 was
.significant]y tP<0.001) greater_than during the preyjousétwo
'periods7vThtshdifference wastmainly due to the increase in
'plasma cort1sol concentrat1on of the CC sheep during days

UQQ 44, as 1nd1cated by the treatment X :S;%?d interaction

(P<0. 01) T1me ofssampl1ng did not inf ce plasma cortlsol

‘concentrat1on\*¥tlthe t1me of sampltng X pertod interaction

H ‘.approached s1gn1f1cance (P<0 06) Thus during days 9-44 the
mean 1100 h plasma cort1sol concentration (19;0t2.0 uQ/t)
hwas higher than that'found in12000»h samples (8.3x2.0 ug/1)

but such a noticeable diurnal trend was,notQapparent |



Tahle<2;; Blood hematocrit during long term cold.éprs@re '

"‘Meén t SEH*'ﬁlood hematocrit (%) -

‘- §#? R S ;f ‘Bpriutglperiod :"f o C

: Tﬁmperatﬁre‘-‘ ' » S o o IR
treatment . . Pre-exposure . Days 1-2 ~Days 9-44

° control S sy zae - 23,6
o . %20.5 - $0.5 . - 0.3

Chronic cold = ) 25,7 . o211 279

: o g0 T 0.5 £0.3

Intermittent cold - 258 . 25.7 254
N _ : . 10:5 : $0.5 C £0.3:

_Seurces 6! vbriation ‘
Treatment (T) T NSt
Period (P) . N8

LS TXP 0,014

‘.

* Standard error of mean.
,i Nonsignificant (P>0,05). e
¢ Level of significance (P4.



: , Q
Table-3..‘Pliémabcortisql response to long term cold exposure

5
.

7 e S ’5“j L Mean‘i'SEM‘ f;asma’cbrgisol.(ug/l)

- Exposure period.

'¢Tgmpera£ﬁre? oo S _ . B . o
. treatment - Pre-exposure -~ . Days 1-2 . bays 9-44 .

{,.“ oy ' Control .

7_ _.:‘ F-'
12

Chrénic cold

. -

L - -]
N

N

-~

.

©® 7 Intermittent cold

"
W Www
) e .
[ I XV BRY.
+
we

k)

Scurces of v&r;a;ion‘ ‘ f‘Ai v " o ‘ L 5  Sl il
Treatment (T} . Ws+ . . '
Period (B) . . ,0.00%+ o

* Standard error‘of mean,
Lo + Nonsignificant (P>0.05).
N t Level of significance {p<).
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e{pre exposure or durlng days 1 2.of exposure |

Mean vaers for conttsol entry rate ‘and cMCR are. gtven T
p1n Table 4 Only mean treatment values are g1ven because the.u
4v‘effect of . per1od was not. s1gn1f1cant (P>0 05) The standard ,
errors ‘for cMCR are small but for cort1sol entry rate are
vlarge pr1mar1ly because entry rate 1s calculated from
- plasma concentrat1on of cort1sol and there was. large w1th1n 2
‘anlmal andKW1th1n treatment var1at1on for plasma corttsol |

' concentratlon

The cMCR of the CC sheep was greater (P(O 05) than that

u’of the control sheep but that of the IC sheep did not’ dlffer:f» |

t’ffrom that of the other two groups A 51m1lar trend for i

) P'.Cort‘SO‘ entry Pate was apparent but the d1fferences between7 -

Tz? treatment groups were not s1gn1f1cant (P>0 05)

Table 5 1ncludes mean HP HR and RT values for the f;tde"

J"»three treatment groups measured before -and tw1ce dur1ng the-is;T
Pdtfferentsal temperature exposure per1od The covar1ate ;' |
'coeff101ent for t1me spent stand1ng was s1gn1f1cant (P<0 01)
only for HP The HP- ‘means were adJusted to a mean standlng
(t1me of 40% of total time wh1ch represented an elevat1on in T:,
"HP of 0. 026 Kd/Kg° 73/m1n over the ly1ng HP Mean HP
T1ncreased FP<0 05) from pre- exposure to days 27 30 and aga1n ‘
,(P<0 05) from days 27-30. to 48 50 The last 1ncrease was
seen in control'as well as cold exposed sheep There was no L
change 1n mean HR between the pre exposure per1od and days
'27- 30 of exposure but- mean HR measured dur1ng days 48 50 was

~greater (P<O 05) than that found dur1ng days 27-30. Th1s |

A}

T
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A Table 4.“f-Cortisol entry rate. and metabolic clearance
\ . . 'rate  (cMCR).-in cohgrol, chronic’ cold. and '
. ' ‘ intermittent ‘cold xposed sheep T

; S 'i‘ghpdﬁ;¢-i » Intermittent -
- Contr_ql e ,_¢_ol_d,]'.- o cold

o ‘.tEﬂ,t"fY]r#t"e X -10.0% at, _' ”.513_.[6“:_'. R .[’6:‘2‘?:.
N A L
LR 0 / CloaePr o™ T

et ﬂ.‘ﬁ(l/mxn) S ;gt 10 06 ff ; to u7 ,-'_ S ols0le9l o O

- oo

Standard error of mean.t,‘if:f ::;f’ef ;;,S:flf
' Means . within a row with:a common superscript ‘;-tﬁ“ffghg?{"
y» were not significantly different (P>0 05) T

s
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latter change in HR was ma1nly due to an 1ncrease in HR of
the contol sheep Rectal temperature was not 1nfluenced by

treatment or per1od of eXposure =



@

E D1scuss1on | v“‘,l'ti-fs} - .gi]:
' Pre exposure plasma NA concentrat1ons determ1ned us1ng
a rad1oenzymatlc assay were s1m1lar to the thermoneutral

plasma NA levels 1n sheep of 0. 24 ng/ml and 0 31 ng/ml found

'by Thompson et al (1978) and Chr1sto herson et aI (1978)
lplasma NA level of the sheep exposed to chronlc cold was
*sheep 1n the present exper1ment were smaller and were
lcold stressed than those 1n the exper1ment of Chr1stopherson
;et al (1978) Webster et al (1969a) found that sheep ur1nary

fstress Th1s may also be true w1th respect to plasma NA

“the f1rst few weeKs of moderate cold exposure but then

gu

’Egdecl1nes substant1ally thereafter as the exposure becomes

"feythe durat1on of the cold exposqre~

*.the thermoneutral phase of the d1urnal temperature cycle

“‘:f'chron1c Such a t1me trendfwas not observed in=$he plasma NA

]

:rlevels of CC sheep 1n:wh1 hfelevated NA levels pers1sted for

\

fsheared more frequently and therefore may have been more -

jrespect1vely In the latter stud1es plasma catecholam1ne s}f; )

Jevels were determ1ned us1ng a fluorometr1c method The _f5;f,_f*

c"»'

T

.about tW1ce the level of 0 43 ng/ml found by Chr1stopherson ff+?”‘
get al. (1978) 1n sheep exposed four weeks to 2 5 Q‘ The ‘%u7g:{;&

flevel of NA was proport1onal to the degree of chron1c cold Tt,b

3level Leduc (1961) and Shum et al (1969) have shown that ﬁ:hw_:,t

;the laboratory rat ur1nary level of NA 1s very h1gh dur1ng f{f;i

Blood Sampl1ng of the IC sheep was always done dur1ng 'f”t”u;

'. 0

”i'fThe reason for the very h1gh 2000 h plasma NA level of these

) . . . .

‘h;f%"sheep dur1ng days 1 2 1s unknown The nean 2000 h value of f‘_,‘i
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2. 15 ng/ml 1s h1gher than the h1ghest value of 1, 20 ng/ml

”i observed by Thompson et al (1978) 1n sheared sheep acutely

exposed to 20 C. The data seem to suggest that the IC

sheep, after only one or two nlghtly cold exposures,;;}
deyeloped a da1ly plasma NA rhythm Ihcreases in muscular
act1v1ty results 1n h1gh c1rculat1ng ]evels of NA in man'
(Galbo et al 1977) but a w1de d1urnal,var1at1on in. degree
of act1v1ty of the IC sheep was not observed That the
dturnal fluctuatton 1n plasma NA level d1d not pers1st 1nto
days 9 44 1nd1cates that the sheep became habltuated to the
1nterm1ttent cold treatment ~Hab1tuatton has been deflned by

Bl1gh and dohnson (1973) as a decrease 1n response to or :

‘;T detectlon of repeated sttmulatton and 1n th1s case probably

1nvolved a: stab1l1zat1on 1n rate of secretlon of NA from
sympathet1c nerve end1ngs and/on the adrenal medulla w1th ;:;g;fj
prolonged 1nterm1ttent cold exposure ke T |

Pre exposure plasma A concentrat1ons were sltghtly

lower than the thermoneutral plasma A concentrattons 1n

sheep reported by Thompson et al (1978) and Chr1stopherson:f°"iv

'°fv et al (1978) The greater than two fold 1ncrease in plasma A

”71 44 days A comparable susta1ned elevat1on ln adrenal

upon chron1c cold exposure was s1m1lar to that found by
Chr1stopherson et al (1978) for sheep exposed four weeks to

2 5 C. Thus the adrenal medullary response to chron1c cold

was s1m1lar 1n the two expertments and the present data

1nd1cates that the response of the sheep adrenal medulla to

‘.

chronxc cold exposure changes very l1ttle over a per1od of



adrenal1ne output as reflected by ur1nary A levels of rats o

_'exposed to 4° C for four week$ was reported by Shum et

T al. (1969) but Leduc (1961) observed@an 1n1t1al f1ve fold

:h‘1ncrease in ur1nary A level followed by a deel1ne to near

t‘prre exposure levels in rats exposed to 5 C for four weeks

*f‘gafgexposure Tanche (1976)'has shown that da1ly adrenallne

.fAdrenal1ne secreted from the adrenal medulla may be 1nvolved

'1n the metabol1c accl1mat1on of sheep to chron1c cold

'}1n3ect1ons 1n thyro1dectom1zed and adrenal demedullated dogs;a“;,i
rﬂf}result 1n a cellular sens1t1zat1on to the calorlgen1c effect%;fyi

~of adrenallne It 1s p0551ble that the elevated plasma '

N 9

‘"ft{fadrenallne levels assoc1ated w1th prolonged cold exposure o

"‘f111nduces a s1m1lar type of sens1t1zat1on 1n sheep L1ke dallyhj;ff[

"jl§1nJect1dns of A 1n the dog. da1ly 1nJect1ons of NA have beenﬁj?ff:

'i:7;found to sens1t1ze rats to the calorwgen1c effects of NA

J°'7¥fi(Leb|an° and Poul1ot 1964) S1nce both the CC and IC sheep

7*ffof metabol1c accl1mat10n Graham (1977).showed that the

d"7-hyperglycem1c response to A 1nfu51on 1s potentlated 1n sheep:ffpti

.»cjiby chron1c cold exposure and we have ev1dence (Study 2) that%c?“ff

.'y;ﬂfrthe same 1s true for the calor1gen1c effect of A 1n sheep

S The level of plasma A 1n the IC sheep was only sl1ghtlyffffx‘

ffgreater than that of the control sheep but 1t was very

L likely that the IC sheep had elevated plasma A levels durmgff_

'ithe cooler phase of the d1urnal temperature cycle and

’°'7)j>ﬁtherefore may also have developed sens1t1zat1on to the



’"ﬁ#fﬁthe IC sheep hematocr1t was probably not elevated because

”"zﬁfffblood samples wepe taken thpee and eleven h 1nto the warmer

. ;ilpreleases essentlally no cort1sol two thlPdS Of the t1me

)

'fimetabol1c effects of adrenal1ne "” }f' ; ;lf,flp',

el

"‘”fthose found prev1ously 1n sheep and goats (Kelly et al

‘l,j;Buhler et al (1978) that the 1ncrease in plasma DS
:ujconcentrat1on under stressful cond1t1ons 1s less than the

,v,lncrease 1n A or NA

Elevated hematocr1t dur1ng chron1c cold exposure, llke

"7'sﬁthat seen 1n sheep acutely exposed to severe cold (Thompson

L

'“°75fi'phase of the temperature cycle and Thompson et al (1978)
"’3K;fhave shown a return to pre eXposure hematocr1t by two h

";if;tfo11ow1ng acute cold exposure of sheep

The plasma concentratlons of glucocort1co1ds 1n man

sheep (McNatty et al 1972) fluctuates cons1derably due to

ﬁthe ep1sod1c release of glucocort1cowds from the adrenal
o cortex Frequency of bursts of adrenal cortex act1v1ty

therefore determ1nes plasma glucocortlco1d concentrat1on,ﬁfj;,ff‘?

';fcalculated that the adrenal cortex ”T a relaxed sheep

T °

;:'jThey also observed that w1thyg an 1nd1v1dual sheep, plasma

Pre\exposure plasma DA levels were sl1ghtly lower than Sl

. “1970) and in: rest1ng und1sturbed man cat and cow (Buhler et {"
: ﬂi-al 1978) The absence of a s1gn1f1cant effect of temperature;‘_

1“1_ftreatment on plasma DA level supports the observat1on of 5T[7

:»*. lsfef al 1978) 1s probably a result of splenlc contract1on In'ff,itf

""‘7-?7(We1tzman 1971), marsumals (McDonald and Bradshaw 1977) and G

A:"ﬁf(Akerstedt and Lev1 1978) McNatty et al (1972) have pyu7 SN
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' ;concentrat1on of cort1soT fTuctuated w1th1n the range of 0 o ; R
| T?‘to 10 ug/l for most of the day but a few peak concentatlons
t”;:greater than 20 ug/T occured between 800 h and 1400 h. The
‘3tfpresent data are 1n agreement w1th that of McNatty et 'Fdj*

vhaal (1972) 1n that control sheep pTasma cort1sol -

tconcentrat1on averaged 6 9 ug/T, a vaTUe wh1ch 1ncludes some'ff

thflvery hwgh concentrat1ons that occured mést often durtng the f}i(Tij;f

Jv,imorn1ng samp11ng per1od Such large var1at1ons 1n plasma

"~f1ﬁcort1sol concentratlon makes 1t d1ff1cu1t to detect

7317re1at1vely smalT treatment effects Desp1te thts,_1t was

.6

‘:yfffound that CC treatment elevated mean p]asma cort1501 f-f73“'

T e

‘ﬁ--aconcentratton Th1s effect was probab]y not a reflect1on of e

H?;;d1fferences 1n nutr1t10na1 status because all the sheep wepeffeﬁ:;}ufi

| 'Tfféfed at a malntenance Teve] Acute con eXPOSU’e °f sheep

)

/ i LT
: The ntghtly cold exposure of the IC sheepfjf?fjhf,f

be expected to promote cort1sol secret1on

,;;(Beaven e al 1964)

The control sheep mean+SEM cort1sol entry rate of =

-,_ga L
’g~10 O+4 9 Ug/m1n 1s s1m11ar to that recorded previously by

IVrfPanaretto and V1ckery (1970) (7 7+3 3 UQ/m1n) and Panaretto _?75[‘T43:

| ﬂand V1ckery\(1972) (8 9+3 3 UQ/m1n) for sheep 1n a,éhfj};&ffif:}@f. .

~._,‘f.,l' / .




'"'thermoneutral env1ronment Panaretto and V1ckery (1972)

'found cort1sol entry rate 1ncreased to 19. 2+15 3 UQ/m1n upon;_.d

'd.acute cold exposuré N;? ne1ther the present study nor that
r

teiof Panaretto and VIC

hrt"p.stat1st1ca11y s1gn1f1cant Th1s was ma1n1y because of the
::fhlgh var1ab1l1ty 1n plasma cort1so] concentrat1on That the

'\Lfcort1sol entry rate of the IC sheep (6 2+0 7 ug/m1n) was

}’*tfsomewhat lower than that of the control sheep may 1nd1cate '

”'fxftnterest to mon1tor the cort1sol entry rate of 1nterm1ttent ;;7?:3

H“atfand depressed cort1sol entry occurs dur1ng the warmer phase_f{’ﬂ?{

Vh:';ithat the IC sheep reduced cort1sol secret1on substant1a11y
'J,T;when the n1ght1y cold,stress perlod ended Chr1st1son and
}“sf:dohnson (1972) found that cort1sol turnover rate of catt]e b‘n:*rf

=71ffcan be depressed by chron1c exposure to heat It wou]d be ofjj;f{;

M'fgco]d exposed sheep over the ent1re 24 h cycle to determlne -

o ff?1f e]evated cort1sol entry OCCUPS dur1ng the C°°]er pha

e of the d1urna1 temperature cycle If so overall changes 1n:flf,;7

:°3fmetabol1sm due to cort1301 m1ght be neg]1g1ble in that

: Tf*;target t1ssues would rece1ve da11y cort1sol 1nput of a :J’irfj;:ff
';fufmagn1tude s1m11ar to that of non cold exposed an1mals N
}v The magn1tude of the elevat1on in cMCR due to chron1c Ifﬂ?fff
‘?tgncold eXposure of sheep 1n the present exper1ment is s1m11ar >
.p"isgto that found by Panaretto (1974) where the cMCR of sheep _
vp:;ﬁi;1ncreased from 0 86 l/m1n to’ 1 03/l/m1n upon exposuge to 3 C ‘ |
"vﬂa d wett1ng Panaretto (1974) aISO showed that splanchntc ?;~;n“

prtmetabol1sm (pr1mari1y hepat1c) was respons1ble for 90 100%

'"ltof cort1So] clearance 1n sheep and that the 1ncrease 1n cMCR

y (1972) d1d the effect of cold seem ;ue}‘
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dur1ng acute cold exposure was ‘a result of an lncrease 1n '

hepatlc blood flow Greenway and Lawson (1966) have shown

’

‘ ‘t that A 1nfus1on in. the anaethes1zed cat can cause 1ncreased

RS

"]dtportal ve1n blpod flow' In. the present exper1ment plasma A

level was s1gn1f1cantly elevated 1n the CC but not 1n the IC f”f

‘-t sheep and this: may expla1n why cMCR was. elevated
's1gn1f1cantly 1n the CC but not the IC sheep
In summary 1t appears that the CC sheep exh1b1ted

degree reflected by an elevated plasma cort1sol

concentrat1on espe01ally dur1ng the morn1ng sampllng per1ods

31gns of elevated COPtlSOl metabol1sm and th1s was to some rfsf ;

'7¥f5; of days 9 44 Elevated cort1sol metabollsm could contr1bute ifffrﬂmf

to an 1ncreased glucose flux wh1ch has been shown to occur
1n coldfaccl1mated sheep (McKay et al 1974) The IC sheep
showed no ev1dence of 1ncreased cort1sol metaboltsm dur1ng
the thermoneutral phases of the dlurnal temperature cycle
| The 13 to 17% 1ncrease 1n HP for sheep fasted 51 h
after 27 30 days of exposure to the two cold temperature

i reg1mes 1s comparable to that result1ng from prolonged

exposure of sheep to a cold Albertan W1nter env1ronment or a ffﬁ::f

o cold 1ndoor env1ronment (Webster et al 1969b) In the

7113 present exper1ment the HP of both the control and cold
exposed groups 1ncreased further between the 27 30 d and
48 50 d measurement per1ods Dur1ng the 48 50 d measurement
per1od the control but not cold exposed sheep/exh1b1ted
s1gns of emot1onal d1scomfort head and foreleg movement

Thls increased act1v1ty may have been the cause of the h1gh

5
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kaP and HR of the control sheep at this t1me The increase in

| rest1ng HP of the IC as well as cC sheep 1nd1cates the -

development of metabol1c accl1mat1on to cold in both

‘calf_treatment groups. In this respect metabol1c accl1mat1on

resembles the accl1mat1zat1on of sheep to w1nter cond1tlons

'(webster et al . 1969b) Slee (1972) found that chron1c

'exposure of sheep to four daily one h per1ods below 0°C. did

o = not cause an 1ncrease in thermoneutral heart rate as d1d

chron1c cold exposure and concluded on the bas1s of heart
rate measurements, that repeated short cold shocks do not
induce metabolic accl1mat1on as character1zed by 1ncreased
' rest1ng HP. In the present eXper1ment the elevatlon in
restlng HP brought on by 1nterm1ttent cold exposure was not

.‘accompanled by an 1ncrease in HR. An elevation in rest1ng HP

&1n the absence of an elevat1on in resting HR may also have p

ex1sted 1n the. short cold shock hab1tuated sheep in the

' study of Slee (1972)

The present study 1nd1cates that both chrohic constant o

| and 1nterm1ttent cold exposure of sheep result in the o
development of metabol1c accl1mat1on as reflected 1n ‘
.1ncreased rest1ng HP and pers1stent elevat1ons in plgsma NA
concentrat1ons, presumably reflect1ng 1ncreased sympa&hetlcu
‘act1v1ty, 7
| V;Elevation in ¢MCR during'chronic cold exposure is
probably accompanied by an elevatlon'in corttSol entryfrate.
 However, cortisol entry'rate‘was_calculated from the plasma

b -

‘coftisol concentration which varied widely and caused the




v

derived entry rate values to also- be h1gh1y varlgb1

31

Cort1sol metabo\1c clearance rate and probably entry rate

are not e]evated during’ thermoneutra] dayt1me per1ods

fol]ow1ng n1ght1y moderate_cold exposures.
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'~fff.and NA. al] doses of A and the h1ghest dose of NA resulted

| | Study 2
‘,etEffects of Adrena11ne and Noradrenal1ne on the Heat
\ .

',Product1on and Rumen Mot111ty of Warm- and |

“;'cOld accT1mated Sheep,

'A Abstract

The heat product1on (HP) heart rate (HR) respiration‘

'"hrate (RR) -rumen mot1l1ty, and body temperatupe PeSponses to SRR T

B adrena11ne (A) and noradrena11ne (NA) 1ntraJugular 1nfus1ons
at 0. oo o 15 0, 30 0. 60, “and o 90 ug/Kg/m1n were stud1ed

4._;1n ten shorn wethers wh1ch had been chron1ca11y (3 8 weeks)
:T'exposed to warm (19 24°C) or moderateTy con (8 13°C) E

'!temperatures Heat product1on.?as est1mated from resp1red

ha}fgas analys1s,,1ncreased 40 45% w1th all doses of A and the

fteffect was potent1ated by chronlq\cold exposure OnTy the

o hlgher dose rates of NA 1nduced an 1ncrease An HP. The

L Nmax1mum HP 1ncrease due to NA was 30% and the effect was not

f.1nfluenced by chron1c cold exposure ThermoneutraP HP was

‘legreater by 18 19% in’ cold accllmated as compared to

‘warm- acc]1mated sheep Correspond1ng to the HP effects of A

3Ts"1n sl1ght 1ncreases in rectal temperature RR 1ncreased/wAth

."1ncreased dose rate of NA but only the h1ghest dose of A

"'df,resulted 1n an 1ncrease in RR HR, rectal té//erature and RR "[ﬂ

; responses to A and NA were not 1nfluenced by

| ;cold accl1mat1on The 1n1t1a1 response of the rumen to A was T

_an 1ncrease 1n mot111ty but after one hour of 1nfus1on an

/ L



‘ 4"~_greater extent in the warm- accl1mated sheep

'71nh1b1t1on of mot111ty was seen, espec1ali¥ in ‘the

warm accl1mated sheep NA also 1nh1b1ted rumen mot111ty to a



RIS B Introduct1on f:;fj‘ ”',~

'*a';<respons1b1e for the cold accl1matuon characte”1st1c of

‘}fiAccl1mat1on 1s character1zed by an e]evated thermoneutra(

':\i:;exposures (Webster et al 1969a), and posstbly a'rep]acemen

“"1;;i(51ee 1972”fYoung 1975)f

‘_fla calortgen1c response to catechoJam1nes,“th1s response as-

.1’:,

Acc]1mat1on of rodents to 1ow env1ronmentat

'\1'1_-. e

"'ittemperatures is assoc1ated W1th hypertrophy of brown ad1pose(:

"ﬁfjtlssue (Cameron and Smwth 1964) and morpholog1¢a1 changes 1n'(

\ .
%_;skeletal musc(e m1tochondr1a (Behrenssand H1mms Hagen 1977)

"5;Both developements (Foster and Frydman 1978) appear to be
(h1ncreased nonsh1ver1ng thermogen1c effects"of noradrena11ne ‘

“?;(NA) (Hse1h et aI 1957 Depocas 1960 dansky 197m(“"'x%

iffadrena]1ne (A) (H1mms Hagan 1969)

‘}’tfheat product1on (HP) (Webster et ai 1969af'Youn9 1975) 3

SR

Q;of sh1ver1ng thermogene51s wtth nonshtverfng thermogenesisk

Although very young rum1nants ShOW~

'Jwe11 as brown ad1pose ttssue appear to be absent by one

'yV(Vti”month after b1rth (Thompson and denk1nson 1969 Alexander etff;" !
_(:‘fffaz 1975) Research by Webster et al (1969b) has led to bhe ﬁ‘?ff’iiVﬁ*
"bth tbellet (Heldmaler 1971 Webster 1974) that the calor1gentc

\ ”effect of catecholamlnes 1n rum1nants cannot be fﬁ_gg,ﬁ

_,Q

An"enhanced nbnsh1ver1ng




- I

reestabllshed 1ater 1n 11fe by co]d acc11mat10n Webster\et L o f‘é
al. (1969b) found that 30 m1nute 1nfu51ons of A or NA at 7he{f o |
h1gh dose rate of 1. 0 ug/Kg/m1n were not s}gnif1cant1y |

calor1gen1c 1n e1ther warm— or co]d acc11mated sheep

However,,lower doses of catecho]am1nes have been found to be

o calor1gen1c in humans (doy 1963 Budd and Warhaft 1966 Kang
”—t et al 1970) and 1n rodents very h1gh doses of catechoTam1nes,tV

i; are somet1mes ]ess calor1gen1c than 1ower doses: f1mms Hagen

,

et a7 1972 Bartunkova et al. 1971) o :vfﬁgig,ﬁa-t'

el Bt A ol i, . - ‘ N . .
b ST e e L v sk ettt b s o

The present exper1ments were des1gned to determ1ne 1f

e et o

doses of A and NA less than 1 0 Ug/kg/m1n were calor1gen1c
1n warm--and co)d accl1mated sheep Add1t1ona1 parameters

””i such as heart rate (HR). resp1rat1on rate (RR),irecta1

temperature (RT) and rumen mot1T1ty were mon1tored dur1ng
catecho]am1ne 1nfus1ons because these factors are a]so

1nf1uenced by acc]1mat1on of sheep to cold (SyKes and S]ee

1968 1969 Westra and Chr1stopherson 1976)




C Mater1al and Methods |
Experiment I - Adrenal1ne Infu31on .
_ Ten rumen f1stulated e1ght month old wethers were. used
lThe sheep were held 1n 1nd1v1dual stalls for e1ght weeks 1n -
a "19-24" C hold1ng room Or an enV1ronmental chamber at an - |

F1n1t1al amb1ent temperature of 13 C All sheep were sheared ,T.

'dto a. fleece depth of 0 5 cm at the beg1nn3ng of the tr1al
’/lfjand dur1ng week 3 In an effort to offset any decrease 1n -

';heat loss due to fleece growth the enV1ronmental chamber:¢f15if
g temperature was reduced 1 C weekly follow1ng the f1rst

'kfrfgshear1hg and was ra1sed to 13 C and was then reduced 1 C

I'tffweekly follow1ng the second shearIng Good quallty alfalfa

: ""'7"»?%penets were fed tmce da1ly at oaoo h and 1700 he Each meal

;cons1sted of 700 g and 1100 g for the sheep 1” the warm and ;ﬁ;h
| 95;f;cold env1ronments, respect1vely The d1fferent1al feedlng
hulihifrate was 1ntended to prevent maJor d1fferences 1n the body o

’fﬁfhr{lffat stores of the two treatment groups To th1s end a |
g ;'{-:"-...if’{_';.‘.'~v’mean+SEM body we1g\l¢t Of 51 0+0 5 Kg was maintained by bOth )

'1»dtreatment groups throughout the exper1ment Water and cobaltid;j
‘i”ff;1od1zed salt were ava1lable at all t1mes and room 11ght1ng ;fit
“V“fsi;was cont1nuous :mev tnud,l. Ad l._, ,:h cl ke “V:,,. e
- h | The metabol1c responses to A and sal1ne 1nfus10ns were]!ti?
ﬁdfistud1ed durlng weeks four to elght Doses were adm1n1steredfjjfa9
H:{fﬂdfollow1ng the des1gn of a pa1r of Lat1n squares 35 shown 1"ffjhl

'7f;Table 6. Infus1on tr1als weregf';_1ed out on patrs of sheepfd?fi

:1n an env1ronmental chamber at amb1 nt temberatures rang1ngfffff

. V,{~:ff§~ fpom 20 C to 23 C At approx1mately 1630 h the even1ng pr1or:fl;;dffff
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e “1 nfus 'l on t r @

i: rto an 1nfus1on tr1al the sheep were transferned to

: 1nd1v1dual stalmi

5

-enot water was,f 3unt1l after the 1nfu51on trial Also

»'at the t1me ofi '}a polyv1nyl catheter (1 8 mm 0 D )

| n the thermoneutral chamber and feed but,_id“af“

“'f;of 3 m: '1#‘”h'5j *ted 15: cm 1nto a Jugular ve1n of eachfv‘ T

csheep tkf

’ of an 1d the mon1tor1ng apparatus was attached

ig;.needle PPlOP to 1000 h on “the day | y;f;fHQbf

,{‘to}theTSHeh cord1ng cables plus 1nfus1on catheters yl}xq7

h fWéfé:é*téNd ough portholes 1n the chamber wall The}:f

 sheep were ¢

nfus1ons commenced at 1200 h and were of

’ffﬁ;z 5 h durat_of

Adrenal1 1tartrate (S1gma) or Sallne 1nfusates were DR

'“vfpfdprepared w1th ster1le 0 9% sal1ne conta1n1ng 0. 1 g/l

‘”'”!tl1mmed1ately pri

"gff]1ce water bath

'ijascorb1c ac1d a

“all t1mes A Techn1con Autoanalyzer II

’“”iff{ihpr0portlon1ng pump III was employed to ma1nta1n an 1nfus1on_;;ffft”'*"i

"~lj'hfvolume rate of 0 60 ml/mln

eft und1sturbed unt1l the end of the i’~"’”"

ant1ox1dant The solut10ns were prepared-ﬁfr5”~'7'

;the 1nfus1on per1od and were Kept 1n a"ld;tifl;{:i

Phys1ologlcal parameters were mon1tored for one hour f}fif}hf}}?v:

'”*:,ippe infus1on dur1ng 1nfus1on, and for one hOUP

"hﬁﬁ";npost 1nfus1on HP (Kd/kg° 73/mm) was est1mated from

:'“ftffmeasurements of reSpIred gas VD2 and VC02 determrned w1th anfff};fif}ff

'fsopen c1rcu1t resp1ratory pattern analyzer as descr1bed by

,,f;Young et aI (1975) Durlng weeks one to three the sheep werefak_,p

L pre cond1t1oned to wearing the face masks used to collect

5w:fresp1red a1r A thermocouple probe 1nserted 15 cm was used




ff" ‘a m1crosw1tch c1rcu1t when the sheep moved to a 1y1ng

to mon1tor RT and a water f1lled ba]]oon w1th tygon tub1ng

extens1on to a- pressure transducer was used to mon1tor rumen'ﬁ

A

mot111ty Rumen bal]oon pres ure and HR were recorded w1th arf

Sanborn{\hys1ograph A Kymograph trace of RR was obtalned by :;:,.

the use of an a1r&f111ed tuF1ng attached to a flex1b1e hdse

i extended around the abdomeq of the Sheep A fleX1bTe °°Pd

' attached to the back of the sheep caused the 1nterrupt1on offhd.h

O

pos1t1on An event recorder was used to record to an fdgﬁ;ff“-”"”
\ - . .

accuracy of 0 5 m1n, t1me pent stand1ng or 1y1ng

Throughout an 1nfus1on tr1a1 HR and RT were recorded every

ten m1nutes for both sheep\ RR,.rumen mot111ty, and

b

stand1ng/ly1ng act1v1ty were mon1tored contlnuously for both[e;fh;;fha
sheep and the resp1red gas analyzer was alternated from one :ffff”’i“

*7}j_sheep to the other every ten m1nutes When the resp1ratory

\

pattern of a partlcular sheep was not belng analyzed the

?'j;; é;ask of that sheep was vent11ated W1th an aux1llary gas

Experiment II-- Noradrenaline Infusion

. lféf Ten rumen f1stuﬂated 14 mPnth old%wethers, s1x of wh1chfffftftd3?

\\~,

had, 5 months prev1ous1y. been used 1n Exper1ment I were

3 | used The sheep were her 1n 1nd1v1dual staTTs for e1ght

weeKs 1n a 21- 24 C hold1ng r,:h

at ap/ﬁn1t1al amb1ent temperature of 8- 9 C The feed1ng and SO

management reg1me was 1dent1ca5 ﬁo that of Exper1ment T and jft;)kf

sheep ma1nta1ned a mean+SEM bohy we1ght of 47 010 3 Kg

throughout the exper1ment Buﬁ for a dlfference 1n dose

: *i o

. | :V_“;“F‘Lvh*ff v;w~’;t“'* i
i_ | .‘f;»‘ﬁb”'f sl

or an env1ronmenta1 chamber 117°‘*'4




't}".f»;“':'5»437_z11;,’
r;random1zat10n the adm1n1stratlon of noradrena]1ne bltartratef'k‘
| j:(S1gma) dur1ng weeks four to e1ght was as 1nd1cated for A |
VZlnfus1ons 1n Table 6 In error the warm accl1mated sheep
'~fthat should have rece1ved NA 1nfused at the rate of 0 90 .
»'jrffug/kg/m1n dur1ng week f1ve recewved the 0 00 ug/kg/mln dose';hfd‘.aaf
'“’}frate At approx1mately 1500 h the even1ng,pr1or to-an |
*;5:1nfus1on tr1a1 the sheep were transferred to 1nd1v1dual ‘
ﬂht;iistalls 1n ‘a thermoneutral (22 25 C) chamber and feed but notmr7l
:dh*f*water was w1the]d unt11 after the 1nfus1on tr1a] Pr1or to i
“ﬁ'f;¢0900 h on the day of an 1nfus1on tr1al a polyethy]ene ff"_L}
v57fi1nfus1on catheter (0 96 mm 0 D ) of 3 m length was 1nserted h“gﬁ;:gth
;7Tf15 cm: 1nto a JUQular ve1n of each sheep through a 16 guage
‘““Vﬁifneedle In add1t1on to the mon1tor1ng apparatus descr1bed
»A“tf?for Exper1ment I thermocouples were used to mon1tor ear and?;fgffh'f
| ?ftrunk sK1n temperatures The thermocouples were taped to o

h“??t°shaved areas of sk1n on the left ear dorsa] surface 1 5 cm

e

ﬁ‘-fﬁiateral to. the midllne and 6 cm dtstal to the ear base and
B tta?{on a trunK s1te 10 cm, anter1dr to the ta1l and 8 cm Iatera] =
:.f?pto the splne A 24 channe] temperature recorder (Honeywell
giElectron1c 19) was used to record temperatures at 0 3 m1nutefﬁji§;if?ft
;'“77f1ntervals By 0930 h all mon1tor1ng apparatus had been "h _:t .
‘;:ffhattached to the sheep and the anrmals were lefi undlsturbed B
E’hf;unt1l the end of the 1nfus1on tr1al The 1nfus1oﬁ” commencedj#ﬁah

v';t57fat 1130 h and were 2 5 h in durat1on fﬂ{f'jcbfﬁff"fhggﬁeﬂf’”

Stat1stical analy515 of the data of Experiments I and

:]ﬂrIf cons1sted of separate least squares analyses of var1ance fﬂhff"fh”'

o gffor unequal numbers (Steel and Torrie 1960) where varlables f{fi"F:
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i

included were acciimatioh temperatube  dose week“time‘of.‘
‘{1nfus1on, and all mean1ngfu1 interactions of these main

| efﬁects For the stat1st1cal analys1s, time of infusion was
 d1v1ded 1nto f1ve 1ntervals. pre- -infusion, infuéionfhour 1,

:'lnfus1on hour 2, last O 5 hout of 1nfus1on and

post- 1nfus1on T1me spent stand1ng as a percentage of . tota] o

‘ t1me in a g1ven 1nterva1 was 1nc]uded as a covariate.:

Differences between means were compared using the

 Student&Newman-KeUls"test'fStee] and Torrie 1960).
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| . %
D. Results R - C S
Ali mean vaiues presented in Figures 1-3 and Table 7
»have been adJusted by covariate anainis to mean standing
times of 27% and 31% of total time for Experiments I and II
respectively. The covariate ‘was significant (P<O 025) for HP, .
“RT, and. RR in Experiment I and was Significant (P<O 001) for '
HP. and HR in. Experiment II In Experiment 1 standing 27% of
}the time was assoc1ated w1th an’ e]evation in HP “RT, and RR
of 0.01 kd/kg° 73/min, 0 16° c, and 0.4 respirations/min
‘respectiveiy, over the lying vaiues In Experiment II
’standing 31% of the time was aSSOCiated w1th an elevation inp
HP and HR of 0.02 KJ/Kg®.73/min and 5.5 beats/min |
respectiveiy,‘over the iying vaiues
Experiment I - Adrenaline Infusion R
-The histogram of Figure 1A represents the mean HP
4values during A infUSion triais, A11 four doses of A were}
equally potent (P(O 001) in increasing HP. The mean HP
ddring the last.half hour of infusion was 43% greater than
- that found pre- infusion or during saline infusion. Figure 2.
iilustrates the significant (P<O 01) effect of temperature
- of acclimation .on the HP response to the various infUSion
rates of A, During saline infUSion the mean HP of the
cold- acclimated (CA) sheep was 18% greater than the mean HP
of the warm- acciimated (WA) sheep and the HP difference
between treatment groups increased with the increase in dose
'rate Thus, in referencé to Figure 1A, the increase in HP

caused by A was greater than 43% in the CA sheep and iess :
o .
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: than 43% in the WA sheep The max1mum HP response to A 1n
.:the WA “sheep was ach1eved w1th a dose of 0. 30 ug/kg/mtn but -
'f\s1n cA sheep 1ncreas1ng the dose of A from 0.30 Ug/Kg/an to_“
’ fO 90 ug/kg/mtn had an addtttonaT effect on HP As |
'111ustrated 1n thure 1B, aTT doses of A resuTted 1n‘a 2. 5

'fon 1ncrease in. HR (P<0 001) HR was max1mum durtng the |

':]second hour but tended to faTT dur1ng the Tast han hour of

=ftA 1nfus1on The amount by thCh HP and HR decTtned durtng

'7the post 1nfu51on pertod was 1nverseTy reTated to dose rate}"

'tthhe HR. response to A was not 1nfTuenced by temperature of

tz;taccltmatton The overaTT mean+SEM HR of 127+2 beats/mtn of

7a;the CA sheep was sTtghtly but not s1gn1ftcant1y greater than‘_‘.

S - s

The mean+SEM RT of the CA sheep (39 8+0 1 C) was

T7the mean+SEM of 107+2 beats/mtn for the WA sheep

-f‘.efgreater (P<O o1} than that of the WA sheep 139.3£0,1 c)

">'tended to 1ncrease w1th 1ncrease 1n dose of A espe01ally 1n xfbh

thhe WA sheep. but in netther group was the effect of dose of o
A on RT 51gn1ftcant (P>0 05) Dur1ng saTtne 1nfustons the RR
of the CA sheep was greater +P<0.05) than that of the WA '”
;sheep and in both groups the two htghest doses of A caused a-ifd

TH‘ smaTT but s?2n1f1cant (P<0 05) 1ncrease 1n RR o " 5
) The rumen mottltty response to A was dtfftcult to ;H;;‘
.*duant1fy 1n that A appeared to 1nfTuence frequency,v,

| amplttude and rythm1c1ty of rUmen contracttons In 41% of»

the A 1nfus1on trtaTs a temporary 1ncrease 1n frequency of: :

~-rumen contracttons was observed durlng the ftrst hour of

1nfus1on In 90% of the WA and 59% of the CA sheep A
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- infusion trials a depression in freguency of rumen . '\
‘»ContractionS‘was observed after the first~hoUr Of'infusion.

~On these occas1ons contract1on amp11tude was also often

() ) v. ) ﬂ .

\'ﬂ“depressed and regular strong contracttons were often _
'rcompletely absent and a pattern of very low ampl1tude very
'frequent 1ncreases in, pressure was.lnstead recorded The P o

. i~¢greater 1nh1b1tory effect of A on rumen mot111ty of the WA

0

’“J;:as compared to the CA sheep was part1cu1arly ev1dent at the ‘.N

'lowest 1nfus1on rates

”kfeexpepiment 11 - NoradrenaItne Infusion

ﬁfdt1nfus1on at the rate of 0 15 ug/Kg/m1n but 1ncreased W1th
| '?13;t1me of 1nfus1on when NA was 1nfused at the three h1ghest
;frpdose rates (thure 3A) Thls 1ntéract10n between t1me of

"tfe1nfus1on and 1nfu51on dose rate was s1gn1f1cant (P<0 01)

-

HP decreased W1th t1me durtng sal1ne 1nfus1on or NA

iThe largest HP response to NA 1nfu51on was the 30% elevat1on

B ‘ih1n HP observed durtng the last half hour of NA 1nfus1on at
' tzlfo go ug/Kg/mtn Increases 1n HP due to the 0 60 and 0 30
uh'ug/Kg/m1n 1nfu51ons of NA were about 18% and 8% ﬁf*l '

;}effect of temperature of accltmatlon on the HP response to =

”PNA 1nfus1on but the overatl mean HP of the CA sheep (0 31

| that the HR response to NA 1nfus1on 1ncreased w1th dose
- rate Only the. dose rates of 0. 60 ug/kg/m1n and 0 90 o
= UQ/Kg/mtn 1nbreased HR (P<0 05) above the values found w1th

_HP (0 26 kd/Kg° 73/m1n) of the WA sheep F1gur§»38§%hows

td'respect1ve1y, when compared to- pre 1nfu51on HP-*There was no fﬂf}f:ﬁﬂ

")

- gt hed \f'":&ﬁ’-
Kd/kg° 73/mln) was greater (P<O 001) than the overal] mean ﬁ5i¢fff“ﬂ”
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A'fexdose rates d1ffered 51gn1f1cantly (P<0 05) The mean HR of

".\ .

sa11ne 1nfu51on Also the mean HR for these two h1ghest ERE

fthe WA sheep was usua]ly Tower than that of the CA sheep but“f"“

'~;.fvth1s d1fference was not 51gn1f1cant (P>0 05)

“Table 7 conta1ns ‘the mean+SEM RT RR, and. sk1n f}jf‘

:ﬁ“7fhf;temperature values for the var1ous NA THfUSTO“ tr1a1s RT

v’;f1ncreased (P(O 05) onTy w1th the h1ghest dose of NA AT]

nfﬁﬂtleffect on RT or ‘R~ VasodtTat1on of ear sk1n, as 1nd1cated;5ﬂ55 o

Tjtdif'occur WTth the lower doses of NA:buf\the h1ghest dose of NA
T'ffjhad no such effect The mean+SEM EST of the CcA sheep |

'7doses of NA resuTted 1n mean RR greater (P<0 05) than thatiff"ﬁ?fﬁf

*,beund for sa11ne 1nfus1on Temperature of accltmat1on had nNd

gl

-ffjby an. 1ncrease 1n~earhsk1n temperature (EST), tended tO

St 4+o 3 Cl was. greater (P<0 05) than that of the WA sheep i

't’»:a;ishown in. Table 7 reflect both d1fferences in pre 1nfus1on

,”;(24 7+O 3 C) There was a trend towards an xncrease 1n trunki.
:iiSkin temperature (TST) w1th t1me dur1ng NA 1nfus1ons but |
ﬁth1s effect was notfsngn1f1cant (P>0 05) The TST vaTues

‘z”feulsk1n temperatures for the dtfferent dose rates and the Effihﬁfhlfhhi

"El{fQ8119ht ]ncpease 1n TST that tended to occur dur1ng NA

Tifritnfus1on Temperature of accl1mat1on had no effect on the cftfff?f

“"‘ifrEST or TST responses to NA

There was no not1cab1e effect of NA 1nfus1on on the

Vrrumen mot111ty of the CA sheep but dur1ng half of the NA

";f1nfus1ons at the two h1ghest dose rates the WA sheep rumen R

:ﬁﬁhhfew tr1als regular mot111ty ceased completely On these -

'"Icontract1on frequency was observed to decrease and dur1ng a ]J?f”
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. Table.7. ‘Rectal temperature (RT) grespiratzon rate (RR). ear skin L
ST T temperature (EST) ,.&nd trunk. skzn temperature (TST) of
sheep during infusxon of varlous doses of noradrenaline

-~

~>DOSe .o N B f: RT .

“T'?evv/kg/min. ;. ,“(fC)j

RR . .. CLEST

C o respu/mim) o (C)

R
. (°m

J jf°-°°,';11;"}f53a 410 12

Cem

a+9

”'vl}biéo\fvlfilfﬁ:<3a 4:0 1 a:

0,90 fﬁéj-ffffsa 820 1bf7"

"38 500 l '.;""1’- _'413 810 6 29 31:0 5

'Vv14 axo sb 'v ;;za 1:0 5

“?111510 6°'-'_’; 27,60, S’bf‘
R oL b ab
s, 530 e A 2:0 LI ,~zs 40.5%

“15:8:0. 7 f; 27 o:o sb S

;T33 1:0 2
3E33 3:0 2

“b&,‘":;;aszofz:,I

*”fsz"sxo z“

ab

ab

v35;7£b.szviff.vﬂﬁv,

different (P>0 05)

*Valuea repre nt means +SEM £or nxne or. ten sheep-:. : B ' - R
n(i column with simllat gnperggrlpts were not s;gpif;cantlyk;,,




_occasions there appeared a pattern of very 1ow ampl1tude

very frequent 1ncreases 1n rumen pressure.~




o

E Dtscuss1on l *_\ \ f" N
. Metabollc accllmat1on to cold was ev1dent in Exper1ment'
I from the 18% greater thermoneutral HP. dur1ng sal1ne ' #

'i:.lnfus1on of the CA as compared to the WA sheep and the f’

"fsl1ghtly greater overall mean HR of the CA sheep In_} o

‘-;dlt can be calculated from Kletber s (1974) est1matefof the

- "ffheat 1ncrement of hay that the calor1gen1c effect of the

:;>uEXpeleent 11 overall mean HP of the CA sheep was 19%

\

'iff;fgreater than that of the WA sheep,.a dtfference Wthh WaS ,l

elfnot due to treatment dtfferences 1n response to NA 1nfus1on

(4 :

Gteextra 8009 of feed consumed by the cold exposed sheep wouldfl

| r7ﬁ1ncrease e by about O 025 Kd/Kg° 73/mm S1nce the sheep

5%ffﬁand CA sheep

"fni.were fasted 20 h pr1or to HP measurements, a heat 1ncrement;u5 s
Nﬁltleffept due to the d1fference 1n feed1ng level would be effleV”f S

'x‘h‘}fcons1derably less than the HP dtfference found between WA ;,ﬂf[ﬂfV

| The calor1gen1c response to A 1n Experlment I was much}rp-n3~iT
xﬁi*ff;greater than any calor1gen1c response to A or NA prev1ously&ifﬁﬁp:g
_ffﬁff;reported for 1ntact post neonatal large mammals (doy 1963 8 \
?ttlifste1nberg é& al 1964 Budd and Warhaft 1966 Thompson and
"'7fg;;uenk1nson 1969 Uebster et al. 1969b Kang et al.1970;

""'ﬁAlexander et al 1975 Tanche 1976) The present adJustment

'”ffof HP values for stand1ng/lyln9 aCt‘V‘ty by covartate'

.”P-f(€(1972) has shown a s1gn1f1cant relat1onship between t1me

~'“f'ff,analy518 sugntficantly reduced var1atlon wh1ch m1ght f“:
‘“f7eifﬂothepw1se have partlally masked treatment effects on HP

finclud1ng the calortgen1c effects of A and NA. Bennett -»7f

,\‘.’9
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'?ispent standing and the HP of sheep Webster et al (1969b)
ua'found a slight (5%) 1ncrease 1n HP of WA and CA sheep upon
P?;O 5 h 1 0 ug/Kg/min A 1nfu510ns Standingllying act1v1ty
_,”-“fﬁwas not reported and may have 1ntroduced variation 1nto the
E (jE;[sTHP resuits Webster et al (1969b) de report a decline 1n HP
| ﬁf:oﬁ the WA sheep during saline 1nfu51on triais wh1ch might "‘
'l;efffindicate that the sheep were more active prior to than.at ffk
lkfaftsduring 1nfu51ons Such a time and poss1bly stress reTated
“[»trend 1n resting HP could have masked much of the HP

S

'hresponse to A 1nfus1on That HP did not decline during Vf]:};,

'saline trials of Experiment I 1ndicates that the animals
;mere calm throughout The caiorigenic response to the

‘;highest rate of A TnfUSTOn was, at Teast 1n the WA sheep. norfl,[jh'
jgreater than the response to the Towest rate of 1nfu51on s
PETTTC“%_;t0:15 ug/KQ/min) The lowest infu51on rate 1s similar to thezistﬁttv
‘ *iquantity of A that can be released by the adrenal glands of d;:;;ffl
| “adult sheep (Comline and Silver 1961) and cattle (Silver e
:h‘ftkf}1960) under conditions of splanchnic nerve stimulation

»T“f,ffSince A reaches 1ts target tTSSUeS v1a the c1rcu1ation,:32sﬁf¥;?fTQH

§ intravenous 1nfu51on shouid mimlc the effects of endogenous L}flf"

,5 physnological dose rates
In Experiment II the 9Tight decline in HP of the sheep
iiduring saline and the lowest dose of infused NA probably

syindicates that the sheep were not completely calm during the

1n1t1al phase of the 1nfu51on trials Covariate analy51s '

h f w1th respect to time spent standing would not have adJusted




DA

S HP values for t1me related changes in head movement »leg"

idmovement or the HP assoc1ated w1th frequent movement from

'Hﬁuthe ]y1ng to the stand1ng pos1t1on The. d1fference 1n HP

"';tbetween the sal1ne and NA 1nfused sheep was most ev1dent

‘ ”'7when NA was g1ven at the two h1ghest dose rates Very h1gh .

:'”'tvlntravascular dose rates of NA are often requ1red to pPOdUCGj‘:“

. A
. phys1olog1cal responses because the level of NA at the

i ~%y;sympathet1c nerve term1n l effector cell Junct1on 1s much

'-lhlgher than the plasma level (Ne1l 1975) The use of h1gher

th~ffdose rates than those usedltn the present exper1ment m1ght H,fjﬁﬁf.a

“ fftfhave resulted in. a greater calor1gen1c response but thls

*[:seems unl1kly s1nce the 1ncreases 1n HP w1th the two hlghest s fidhh“

T’f?dose rates of NA were s1m1lar dur1ng the f1rst two hours of {j}ﬂ;fig

:Q15f1nfus1on From the relatlonsh1p shown by Heldma1er (1971)

3~ffbetween body we1ght and the dose rate of NA that w1ll cause

» '7tfmax1mum calor1genes1s a dose rate of 0 4 ug//g/mln would be

’u.i;fexpected to cause the maximum HP response 1n the sheep of

"ftthe pPeSent exper]ment Ste1nberg et al (1964) found a 21%

;‘fxncrease 1n oxygen consumpt1on of adult humans when NA was

R ‘1nfused at a rate of 0 2-0. 4. ug/Kg/m1n Lower doses have

lwli'usually resulted in a less than 14% 1ncrease in the HP of

»"‘uiqihumans (Reale et al. 1950) ‘even when the subjects were | r,f;gr7'{?ff

ffffcold accl1mated (doy 1963 Budd and Warhaft 1966 Kang et

"3-a7»1970) Smaller mammals such as the monkey,,cat and dog.;.ae" ey

- ‘5respectivly, have shown 20% 36% and 50% 1ncreases in

| ft“f:foxygen consumpt1on upon NA 1nfusion or injectlon (Hemingway A‘pl «
| Fﬁﬁlfet aI 1964 Nagasaka and Carlson 1965 Chaffee and Allen o




55tf]f' //infu51ons An’ increase in HP of sheep Of 30% dUPan NA

57

B . . , s e , .
1973) The response of ‘the monkey (Chaffee and Allen 1973) '
'r‘f.but not the dog (Nagasaka and Carlspn 1965) 1ncreased ‘
| ifollow1ng cold acclimation Webster et al (1969b) found no
! _vincrease 1n the HP of WA and CA sheep during half hour 1. O
?‘ug/Kg/min NA infus10ns If the former authors had carried
'*”-out 1nfus1ons for longer periods of time a calorigenic |
_Whgfeffect might have been seen Also, as mentioned preViously;jﬁ[tfb
Qa’]othegHP of sheep 1n the study of Webster et al (1969b) was ft;ijf7;”l

”;qu1te variable even in the absence of catecholamine

infus1ons indicates that the relat1onship between the NA

}"Pwl;t:stimulation of oxygep consumption and the log Of b°dY weightfiﬂffff7

R fiffwelgh}s

:;5’:(Heldmaier 1971) 1s not linear over the UppeP range Of body i:t?;nid

Adrenaline and NA are assumed to stimulate’HP by the {f?fﬁi'

"[”same mechamisms 1n mammals which possess brown adipose

jgz:?tissue (Himms Hagen 1969) but the calorigenic effect of A 1s:_f5.frl
e f,usually Tess. than that of NA- (Himms- Hagen 1969 Alexander EAT
lii?,“1969 Bartunkova et al 1971) The sheep of the present studyjy*fang

'P'ffgﬂprobably had no brown adipose tissue and'therefore the most ‘ fhn'ﬁf

'ﬂblikely origin of A and NA induced HP was skeletal mugple

L ‘Adrena] 1ne and NA have been shown to pmte skeletal msc]e_;v, A

'fAﬁj:fcontraction or shivering under a variety of c1rcumstances ST
“{ifg(Andersson et al 1964 Tanche and*Therminarias 1969) §7ff§;}l"
‘"i;f?sheep were seen to shtver only during infusions of the i
ftf»highest dose of A and the CA sheep were seen to shiver only ;Le”,-,;
' '7fnfhjn seven of the 24 infusion trials. two of which were saline};p}ff”j"
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instions -Shivering HP therefore probably was not the main

contr1butor to the calor1gen1c effect of A ‘and was

deflnately not the cause of NA calor1genes1s since shivering
was never observed durlng NA 1nfu51ons The contr1but1on to
HP of an 1ncrease in sKeletal muscle ten51on dur1ng A and NA

E 1nfus1ons (Bowman and Raper 1967) was not assessed Newsholm

and Crabtree (1976) have proposed that A promotes HP in
skeletal muscle by stlmulatlng substrate cyclxng between

glycogen and glucose 1- phosphate or fructose -6- phosphate and

. fructose 1 6 dlphosphate Nico] et al. (1980) have found

ev1dence of 1ncreased fructose phosphate cycl1ng in skeletal
muscle of cold- accl1mated sheep Also substrate cycl1ng
caused by the sympathetlcoadrenal medullary system appears
to eX1st in newly hatched’ domest1c fowl (Freeman 1971) ‘where
propranolol, a B adrenerglc block1ng agent 1nh1b1ted both
cold  induced HP and glycogenolys1s In the newborn p1glet
wh1ch has no brown adipose ttssue and wh1ch responds
calor1genically to A but not NA (Leblanc and Mount 1968)
propranolol 1nh1b1ted 60% of cold 1nduced HP
{Kaciuba-Uscilko and Ingram 1977) . In 6 8 week old p1gs
propranolol has been shown' to block 14% of the normal HP

7
response to moderate cold exposure (Dauncey and Ingram

. 1979) Recently Chrlstopherson and Kennedy (1980) found that

chronic propranolol treatment reduced by 19% the resting HP -
of shorn ~sheep accllmated to 10°C and Nebster et al. (1969b)
have shown that four and elght percent. respect1vely, of the

acute cold induced HP of warm- and cold acclinmted sheep is
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blocked by propranolol The magnitude'df Hb bloCked by
probranolol in the above studles with sheep is s1m1lar to
Althe amount of heat produced by sheep 1n the present .
: exper1ment 1n response to A 1nfu31ons Chatonnet (1967)
found that adrenal demedullatlon of sptnal dogs reduced peak
metabol1sm 1n cold env1ronments by 20- 30% Thus A ‘
dcalor1genes1s may be 1mportant to. the dog in severe cold
"_env1ronmemts If the calor1gen1c effect of A in gheep does
‘l 1nvolve skeletal musc]e glucose metabol1sm - the q'hancement
of. thetcalor1gen1c response to A upon cold accl1matlon of ‘
':sheep, as shown in the present eXper1ment may be related to
1ncreases in glucose flux and ox1dat1on found durlng
cold- accl1matlon of sheep (McKay et al. 1974). Also Graham
(1977) has shown that the hyperglycem1c response to A is .
vpotenttated by cold accl1mat1on of sheep -
Noradrenallne has been shown to cause part1al
| depolar1zat10n of sKeletal muscle cell membranes (Teskey et

’ al .1975) . An 1ncrease in the’ Na /K’ ATPase act1v1ty 1n

. ,skeletal muscle of cold- acclnmated sheep is suggested by the

.flnd1ngs of Gregg and M1ll1gan (1980) that ouaba1n sens1t1ve
) resp1ratlon of sheep skeletal muscle is 1ncreased upon
'cold accl1mat1on. Slnce_the plasma A and NA: levels ofusheepo
Jexposed'to moderateVCOld.are at least double: that of |
warm-eXpOSed°sheep“(Study 1), the elevated resting HP of
‘cold exposed sheep may be the result of - catecholam1ne

‘ stimu]ated Na*/K* ATPase actlv1ty "“The: increase in the

calorlgenlc effect of A follow1ng long term cold exposure

{
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may'be réiated toveitheriincreased.Nat/K*'ATPase’actiyitygor
:substrate'cyciing at this time. | S

© That cold acclimation of sheep 1ncreased the
caiorigenic response to A but not NA exemplifies the great |
differenqe between the mechanisms 1nvolved in the

' cold acclimation of sheep and smailer mammals Humans made .
»“}mildiy thyrotoXic w1th an orai dose of tniiodothyronine,
- 1ike coid apciimated sheep, show an 1ncreased calorigenic o
response to A but not NA (Svedmyr 1966) It is suggested
that increased therid function in cold acciimated sheep
,”PWestra and Christopherson 1976) may be the means by which
“tissues of sheep become senSitized to the ca]origenic effect7
U of A, o | R

-.°Ihe“ident'cal‘HR response.to'aii doseSTof A would

'appear~to indicate that the;iowest‘dose was sufficient-to
stimu]ate_maximally the?cardiac BﬁreceptorsVWhich are |
) thought to mediate this reSponSe“(Moran 1975) . Apparently,'
'cofd acclimation does not affect the max imum HR response to
A 1n sheep although it may 1nf1u§hce submaXimai responses to
dose rates lower than those used in the present experiment
In rabbits cold acclimation appears to decrease (Honda et
- al.1962; Carilson 1966) or have no effect (Kockova and dansky,
1968) on the HR response to A. The-HR response to
'1soproterenol, a pure B- receptor agonist‘ 1s increased upon
cold acciimation of| the rat (LeBlanc et al~1972) The lack
of HR response to N infusion at the two lowest dose rates‘&

-and the moderate re ponse to the two highest dose rates
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'probably refTects augmentat1on of vagal act1v1ty to the

heart in response to systemtc hypertens1on wh1ch 1s usually

[ caused by NA (Neﬂ 1975).

The TacK of a Targe 1ncrease in RT dur1ng A and NA ‘
1nfus1ons agrees w1th resu]ts of Webster et al (1969b) where_ .
"A and NA doses of 1, 0 Ug/kg/mln had no s1gn1f1cant effect on
the RT. of warm- and co]d acc11mated sheep The quanttty of |

- heat produced in response to A and NA 1n the present

. ~t4exper1ments would not be expected to result in a large

t.change in RT | 5 | S ,
The sllghtly h1gher RR of the CA than WA sheep durlng |
«saltne 1nfusxons of Exper1ment I probabty ref]ected the_

| greater need of the former for evaporat1ve cooltng because

- of a h1gher thermoneutral ‘HP. The greater thermoneutral HP

of the CA sheep was also ref]ected in the greater RT. of the -

CA sheep The means by’ which the h1gher doses of A and alT
doses of NA caused an 1ncrease in RR cannot be‘ascerta1ned
- but doe]s (1975) has suggested that a. s1m11ar increase in
humans was etther a reflex%response to 1ncreased cardiac
~output or HP or was a d1rect_effect of A on bTood;fTom;totl_
the carotid body. | |

| Websten et al.(1969b) found that\NA 1nfus1ons caused a
TT5 C fall in leg sK1n temperature when initial sk1n |
temperature was - above 20°C and room temperature was 10°C. |
}The h1gh (20- 23 C) room temperature in the present study may’
vuhave 11m1ted the degree by which vasoconstrict1on could

- alter sk1n temperature dur1ng NA 1nfusions




".blpatterns'(Kay'1959' Itab1sash1 1973).. Kay (1959) speculated R |

y',.Exper1me t 11, In vltro stud1es (M1ert and Hu1sman 1968

~ fb,dT1tchen 1 8) have 1nd1cated that the 1nh1b1t1on of
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Adrenaline'tnjections'in-Sheep have been shown to

result in rumination'and'assOCiated reticulo-rumen motility .~

'that the rum1nat1on and sa11vary responses to A are reflex -

.responses to 1ncreased neural 1nput from rumen

i s e ot R 34

mechanoreceptors sens1t1zed by A The 1ncreases in rumen
thfrhythm1c mot111ty somet1mes observed dur1ng the 1n1t1al hour
of A 1nfus1on of Exper1ment I may ‘have been a man1festat1on
cgf th1s ref]ex Adrenal1ne 1nh1b1t1on of rumen mot111ty as . . :E
found'by Habel (1956) was more ev1dent in the WA than CA 5 SN
; sheep" of the present study Also 1nh1b1t1on of rumen~

7,mot111ty by NA was more ev1dent in the WA than CA sheep of

'forestomach smooth muscle contract1on by catecholam1nes s

B- receptor med1ated Kunos (1977) has prov1ded ev1dence B

1nd1cat1ng that the number of myocard1al B receptors 15'5

”:reduced 1n hypothyro1d rats Cold acc)1matlon of sheep may :

have a s1m1lar effect on rumen smooth muscle B-receptors

The greater ret1culorumen mot111ty 1n CA as compared to WA } |

. sheep (Westra and Chr1stopherson 1976) may be - related to the .f

| d1fference in sens1t1v1ty to catecho1am1ne 1nh1b1t1on as '_~»ff}*[ ‘jfa

.shown in. the present exper1ments ; '_ - R
1t can be conc luded from this. study that the-f"Q'// B

: catecholam1nes are-calorlgen1C»1n sheep and that the L

~.calor1gen1c effect . of A is enhanced by chron1c cold : ”»

vexposure Management or environmental stresses wh1ch result

Y .
— . N ) ‘ B | *1,'
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- in a sympathet1c response may, by result1ng 1n an 1ncreased

HP, cause an add1twonal energy requ1rement of sheep,

s .0 .'. ’

_part1cu1ar11y 1f the an1mal has been exposed to- colq for a
S_prolonged per1od of t1me QWe’have also prov1ded evwdence d
that the 1nh1b1tory effect of catecholam1nes on rumen ;i?paif';:ii;f{
‘:fmot1l1ty 15 reduced fol]ow1ng prolonged cold eXposure of | SNy

sheep

) .:a".
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'*gfjt result of thevgreater feed intake ln the former

'j Tissue Catecholamine Levels, Noradrenaline Turnover Rate

and Drgan Weights of Warm- and Cold acclimatea\Sheep

A Abstract R - | e L S
3 Concentrations of noradrenaline (NA), adrenaline (A)
and dopamine in the tissues of shorn sheep eXposed to;.fgjdif7’~ﬁ

moderately cold (8 13°C) temperatures for eight weeks were

not different from those of sheep exposed to 21 - 24 G
Egssue catecholamine levels in sheep were Similar to those :rfi._
of other speCies and the rumen and proximal colon levels of o
dopamine were not as high as has been previously reported 5
for other sections of the ruminant gastrointestinal tract Tah;giﬁféj?

~.1_:

s'as determined bY}7'

Only the leg sKin NA turnover rate‘
e measuring the decline in tissue NA’Bpecific actiVitydfgfes'!l'°v" -
following 3H NA: injection, was greater in cold thannf”»‘fgfftj;i;-“
warm acclimated sheep A greater qﬁgan weight of the;},gc:}T”;;“l“lf'
reticulorumen and\smell intestine and digesta weight in the "
‘colon of cold- thal\warm-acciimated s_:',', ep was probab, |

L e

L SN TSI S |




72
‘ B. Introduction
| Elevated levels of noradrenal1ne (NA) in the plasma of
.cold-accl1mated sheepz(Chr1stopherson et al . 19¥8, Study 1ﬁ<;7'.
" suggests that the sympathetic nervousisystem is aCtivated’by
cold exposure. However, the detectiOn of a change in plasma
NA . level gives no 1ndlcat1on as to whlch organs or tissues
have ;ltered sympathet1c act1v1ty and might poss1bly
represent only a change in catecholam1ne uptaKe by "-ﬁ;;’
g{‘ L sympathet1c nervetend1ngs or a change in the rate of NA |
| | breakdown It has been suggested that the sympathet1c
' nervous system is lnvolved in numerous phys1olog1cal
v responses of sheep to cold such as; elevated heart rate
_— (Webster and Hays 1968), peripheral vasoconstr1ct1on (Meyer
| - and Webster 1971) and an increase in reticulorumen |
] ‘;3;/ contract1on rate (Kennedy et al. 1977) Elevated plasma
adrenaline (A) levels of sheep exposed to chron1c cold
(Study 1) also suggest that an 1ncreased adrenal medullary
;o; o output ol(catecholamines is sustained throughout long
i periods of cold exposure ' \
q Sympathetic nervous acttvity in specif1c t1ssues of
"d4-_¥, <small mammals under a varlety of environmentalpand )
R patholog1cal condit1ons has been assessed by estimating the
o turnover rate of NA (Landsberg and A§elrod 1968 Taub1n et».
[ER al 1972; DJahangmre et al.1973; Tu and Nash et al.1974;
) »‘” Young and Landsberg J977; Tanaka: et al 1977) The techn1que ‘
. “involves 1njection of 3H- nor‘adrenaline (3H NA) which. |

equ1l1brates W1thmendogenous NA stores in sympathet1c nerve g

\ e o . S e
. N . . - . v

13

5 5‘ . : . ) ° . : ’ R !
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"endtngs The subsequent release of labelled NA from t1ssues

V

. is proport1onal to the degree of sympathet1c act1v1ty

."(Hertt1ng’and Axelrod 1961) and the rate of decrease in NA |

spec1f1c activity in a tissue is an 1ndex of NA turnover _

.'(Costa et al. 1966) .

'The present study is the f1rst for wh1ch the above
method ‘of assess1ng sympathet1c act1v1ty has been appl1ed to ‘

"large an1mals We exam1ned the endogenous concentrattons of
NA, A and dOpam1ne (DA) and the NA turnover in various

f tissues of warm accl1mated (WA) and cold acci1mated (CA)

sheep The weights of v1ta1 organs and some digest1ve

'parameters of NA and CA sheep were -also compared.

L@
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C. Material and Methods (
= ,' Twelve wethers fourteen months of age were used _Ten
’ ,wethers wh1ch had been used for NA 1nfus1ons 1n Study 2 werel

_ma1nta1ned 1n the warm (21 24 C) or cold (4 5°C) |

env1ronments for an add1t1onal max1mum e1ght day per1od for -

3 the purpose ‘of the present trial. One add1t1onal an1mal had~g3°

_also been malntalned in -each env1ronment for the e1ght week»d‘
__per1od but these. sheep had not rece1ved NA infusions: As 1n
g the 8 week cold accl1mat1on per1od. sheep at 21-24°C.
rece1ved 700 g and sheep at 4- 5 C received 1100 g good
qual1ty alfalfa pellets twice daily. Water and cobalt ‘,
iodized salt were freely available and room l1gh¢1ng was
cont inuous . Fleece length was appgoXImately 2 cm and
mean+SEM body weights for ‘the WAand CA sheep were 46.5+2. 9
~and 46.01.7 kg, respect1vely Jugular catheters 1nserted ,
| during the eighth week of cold- accl1mat10n were reta1ned for
the present trial. T
P L- noradrenaltne -7- .34 (15 Ci/mmol) obtained from New

England Nuclear Corp was diluted 2 5. 5 (v v) w1th ac1d1f1ed-'.
sallne just prior to 1nject1on and was adm1ntstered by way

- of a Jugular catheter at a dosage of 16 3 UCi/Kg. ‘On days

v‘:‘2 7 one WA and one CA sheep were anected datly between 845}

h and 1215 h. Three each of the warm and CA sheep were |

sampled 1 .75 h, follow1ng tracer injection and the remainder
were sampled 24 h post anectlon The sheep were fed 2h
prior to tracer 1nJect1on One h prior to inJect1on jugular

' lcatheters were extended through portholes to therouts1de ofsifal

-



o pPlOP to and at least one h. post 1nJection of tracer Form

,‘;The anesthetized animal was then moved to a surgical area

75

‘the animal room so that the sheep were UndlStUPbed for one h

]

’ffsheep sampled 24 h post 1n3ection of tracer, feed and water

were offered at 1700 h on the day of 1nJection and three h

‘,pPlOP to sampling the follow1ng day dugular catheters were

’ ,_fsecured to: the neck area overnight and were again extended

P

out of the animal room two h prior to samplin “To’ prevent

"»hexcess1ve sympathetic act1v1ty prior to tissue sampling,

‘intravenous nembutal (Abbott) at a dose bf 16 mg/Kg was |

admid$ltered through the room exteriorized Jugular catheter

B

‘where anesthe51a was maintained during tissue sampling f.ff

Duplicate 3-4 g tissue samples were taken over a period
r I

" of 45 min and the animal was ‘then Killed by removal of ‘the
_heart The tissue sampling sequence was as follows, leg skin

(metacarpal region) ear. skin (medial dorsal region)

through a midline 1n01s10n colon (prox1mal region) rumen

"(anterior of ventral sac), adrenal glands heart ventriclerﬁ

heart atrium Tissue subsamples (0.5-1.0° g) were frozen and

' later assayed for dry matter (DM) and nitrogen content -

| (KJeldahl method As5001ation of Official Analytical j
B ’)]Chemists 1975) After exc1sion,)skin and heart samples were_wf
. }-_immediately placed in plastic vials and frozen 1n liquid |

. nitrogen On.a cold stainless steel surface the muscle rf

layers of the colon and rumen samples were separated from R

‘the underlying tissue (mucosa) and the ‘adrenal medullae

| _( 27 0 959) w?re carefully separated from the cortex pPlOP¢,L

1
[N :
' ~/



| aliquot of supernatant of one of the duplicate tissue

‘ : . _ o ‘ . e

A . T
‘ i PR :
Cw S OO T & o
. . . R I,:f', ‘ “ P t i )
v LN . i

‘._to free21ng in liquid nitrogen One of the‘WA sheep appearedv )

to have. only one adrenal gland oo Z-ffﬂ ;" ‘:_ o
Weights of the liver heart and Kidneys were ‘recorded ..
and the various seci;ons of the gastr01ntest1nal tract were '-dlf

'weighed Wlth and without contents The digesta DM was

‘: determined by heating at 95 C to a. constant weight

(3

On the same day as sampling, tissues for 3H NA and

‘=50atecholam1ne analy51s were partially thawed weighed ahd “l‘

I
‘_homogenized Wlth a Polytron homogenizer (Brinkman Inst

l

"lCo.)ﬂ Samples were homogenized on 1ce 1n 10 ml of ice- cold.;,;fffﬁ

TN

0. 1N Perchloric acid- containing 5 mM EGTA and 5 mM ] R

glutathione Following centrifugation for 20 min at 1 C and

| 20,000 X G the bulk of the supernatant was stored in plastio
. vials at -40°C until 3H-NA could be. determined A 0.5 ml

'fsamples was diluted to 10 ml w1th oold perchloric ac1d

'7solution and was stored at -40 Ceuntil endogenous ‘

_catecholamine assay was’ carried out ‘NA was extracted from o

. ‘tissue supernatant as described by Diamant and Byers (1975) |
| except ‘that. the batch alumina method was employed and 3, 000 o
-"d Py m.. of alumina‘purified D,L- noradrenaline 7- ‘4C (52 3

.mC1/mmol) (NEN) was added to supernatants prior to . _
"'vextraction such that 3H NA values could be corrected for
ﬂJvrecovery Dual label liquid sc1ntillation counting of the j«=-fe'

'”0 5Nvacet\c acid eluates in 10~ml of Aqueous Counting

?Sc1ntillant (Amersham) was’ done with a Mark v L1qu1d _

‘.inntillation Counter (Nuclear Chicago.‘Searle Analytic -
_m§ R _ : .

g

(

¢



Q,adrenal A and NA pr1or to determ1nat1on of t1ssue act1v1ty

'fdescr1bed (Study 1)-. Also pr10r to analys1s, the 50 ul ﬁ{‘l,c'g,'al
. | @ | X o
perchlor1c acra samp]es were neutral1zed w1th 15 yl of 0 25N-',

—

Inc . Des Pla1nes, Ill ). No attempt was made to separate Jthi"91’°

o

‘Because NA 1s an A precursor, some of the rad1oact1v1ty of

" 5gthe adrenal must have been present 1n the form of 3H A as‘ffhp,ﬁlg“

‘A

f::;we‘] as 3H- NA The proport1on of total radioactiv1ty PPGSent ,_:i:i
}g1n assoc1at1on w1th adrenal1ne would have been neg]lQ!b]e fc.c o,
- for sheep K1lled at 1. 75 h but’ may have been substant1al for

"'jj“those sheep k1lled at 24 h

NA A and DA content of the d1lute t1ssUe supernatant

'}}ewas measured by the rad1oenzymat1c techn1que of Peuler and

x,ﬂdohnson (1977) w1th m1nor mod1ftcat1ons as prev1ously

. "\'

Spec1f1c act1v1ty (SAl of t1ssue NA was logar1thm1cally :

‘ftransformed and the regres51on coeff1c1ent ( K) for the .

"; relat1onsh1p between lnSA and t1me after inJect1on of tracert."'

.'was calculated by l1near regress1on analys1s (Steel and

| Torrle 1960) Furnover t1me (l/K) half lifesJﬁ 693/K) and

S eturnover rate (k X endogenous NA concentratlonl 95%

J:,DJahangu1r1 et al (1973) Because a substant1al proportion _
_ltaa;of adrenal radioactiv1ty was probably labelled adrenal1ne 1nb7
"}':'the sheeptk1kled at. 24 but not 1. 75 h, the est1mates for

| hladrenal medullary NA fract1onal turnover rate and turnoverhz:

;:rate are underest1mates and for half l1fe and turnover t1’tiw'

“are overest1mates

.\A-

"conf1dence 1ntervals (C I ) were calculated as 1nd1cated by

4"-)“ e

"]
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Data were analyzed us1ng analys1s of var1ance and where .

"js1gn1f1cant d1fferences ex1sted means were compared us1ng“_,“"

lﬁﬁthe Student Newman Keuls test of mean d1fferences (SteelﬁW S

"ifffand Torr1e 1960) Slopes (fract1ona1 turnover rates) were%j_f'nd;'

»

:Tyffcompared us1ng the Student t test (Steel and Torr1e 1960Yr -?”'VL
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D Results B

There was no effect of temperature of accl1matlon on S

":fvendogenous concentrat1ons of NA,. A and DA or on the o

I‘ S

.,'fractlonal turnover rate and half l1fe of NA 1n the varlous f )

”t1ssues Therefore values presented below have been ft

gﬂcalculated by poollng the data of . the two temperatune

‘thzfitreatment groups “,{f'"rfi']u;fuff_*' ﬁfj:”

;\.__ S

: When eXpressed 1n terms of ug/g t1ssue wet weight or
,Tfug/g t1ssue DM (Table 8) the endogenous NA and A mean

R oncentrat1ons 1n the heart ventr1cle were greater than

L8

*-}respective levels 1n all other non adrenal t1ssues The

ff_mean*SEM DA concentratlon (UQ/g t1ssue) of the ear sk1n ;:'

Q“f(o 37+0 10) was greater (P(O 05) than that of the leg SK‘“ ’:,3lft5

AT(O 1510 05), rumen muscle (0 08+0 02) and rumen mucosa

©(0.07£0.02). If expressed as ug DA/g DM, only the DA

:aﬂconcentrat1on of the proaqmal colon mucosa (2 81+0 87) was

,~greater (P<0 05) than in other non- adrenal tlssues The ﬁfgﬁf5 RS

't‘fmean+SEM adrenal medulla concentration of DA (146+50 ug/g)

| was much lower than either that of A (1807+614 ug/g) op NA fff~"

f'(1016+253 ug/g) Tissue catecholam1ne levels expressed ln

. ._iterms of ug catecholamlne/g nitrogen have not been included rfhffaﬂt

“ln Table 8 as dlfferences between tlssues on a per g

n1trogen basls were 1dent1cal to d1fferences found on a per f5f~77:

~ t.

The NA fract1onal turnover rates (K) (Table 9) 1n the

fffear sk1n (0. 084 h- 1). prox1mal colon muscle (0 057 h 1) andohf. o

: 1ﬁlirumen mucosa (0 065 h- ‘) were srmilar and did not dlffer uv.:ft"‘

(.
.,l‘.av-.'
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';“* Standard error: of: mcan.J

B

Table;é;* Tissue concentrations ot noradrenaline (NA),

: adrenaline (A) and dopamine (DA)" expressed
/g wet weight and /g dry matteﬂ%(DM) (Mean t SEM®*)."

2 f:5f1f f7fvl».f}i»Concentrétion-‘ SRS

T

i —e

" preg skin. - 0.5t 0.61° f'o.oé‘_-o.§5"7 0.15%8 0.61% .
T e 10005 20.23 20.04 +0.18 $0,05 $0.21 .

&

"T?At;ékinx C T 0.13® 0.56° 0.23% 0.5 0.37b 1.38%

ug/g vglg : uq/g ug/g we/9l wg/gc ,
Llwel L tisgue tissue  tissue tissue  tissue tissuer
CoTissue (ol wet wt, ‘DM. . wet wt, DM. . wet wt. DM -

10003 0,12 20.15 $0.55  20.10.20.33. o

.':}P:oximalweolon ::i;;fofde 0.53% 0. 08 0.48% 0. .22%D 1,242
- (muscle) . 00 %0.02 $0.14 | #0.03 £0.18 . 20.05 0.38

'1n Proximal colon f ;;F 0.12 1103’#, 0.17% i,78a : 0 29ab 2 Blb:e'd.
- (mucosa)?.. - 1£0.04 30.32  £0.07 .20.70 .£0.07. +0.87

7 Runen L g0g® 0.5 0.06% 0.36®  0.082 0.43%
~(muscle) . 20,01 '£0.05 . 0.02 #0.13°:'30.02 0:10

Rumen .:L- S 0.13% 0.72% 0.142 0.82° 70,078 0.422
;(mucosa) :;"; ,:o 02 0,14 $0.06 $0.32. $0.02 0. 11“

. Heart Ventricle R 41""13_.09b 2.0 11.64% 0,240 1,36

Ty e
A3

120,78 $4.17° 10,58 33,59 - £0.07 %026’

. eart atriem . '1.10% 5.208 0.36%°1.73% " 0.184b.0.86°

,:o.z;ggtl.oov.?to 07 0. 29 £0.02. 20, 10

o 1807 . :* 146
4283 o 2614 . ,*1 250

ST
oy

% Includes submucosa. B eq‘»"' RESSTARE n,‘j'.~t.

‘ 3f Meann within a ‘column: with a’ comnon superscript vere not B

3 signiticuntly different. (adxena1°valuea not - included inA
the conparison ot means) (P>0 05) S e

80
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;Practional turnover rate, turnover time, half-life

- Table 9.
o and” turnover rata of noradrenaline in tiasues of nheep

 Practional . . ' Turnover“;‘},-,
‘turnover:: .Turnover Half lzfa rate :

CTissue 0 'jrate (k) time LI N LA (ug/q/hif-7,\» e

r_f‘ 0. 119. :
‘,:o 028 ';;t
: 0 oe‘acde f;.;
$0.034 .. %

s . S ey L
”Proximal colon>" © 0. 057‘Cd°;” 17,5
o ‘:10 033 ;;v:;o.

t:guLég-ak1n7{u'. uaﬁf 0 018“45'
AT 4 (o 011-0. ozs)‘r
. el 4 pu(o oos o 017)
v . 2. 70,0083 R
_ 7 (muscle) 1.~$(o 002-0. 008):u';,
0. 012a

”5Proximal colon 0. 104 Ny B B
.li»j(O 006 0. 018)&

: -
‘(mucosa) ‘ 1;:tﬂ*#t0 .033. v.?ft3;

"f  a,b,c,d e

e

_f-numen-.. S
© (muscle)

:‘Rumen o
vf(mucosa) -

o ". R .
 Heart - . .
.~ ventricle

. Heart
: .atrium L

’;Adzenal medulla R
.~v¢:o.ols

0,06
i

’,fio;oasﬁﬁ'af
Cf0.019

0. 108”"
120,016

0. os1‘°°

.0.022

acdq

20.022 BT

a5
ey

20, 009

f'q(o 008-0. o1or'

0.008%

:,5(0 005-0,020)

0.094b8

f}i(o 021-0. 167 ;

0.056°

Li(o 030-0. oazr

22! 3so°

7if(4 250-40. 450Y

?

b.* Includu subnuoou.‘ "

Stundard otror ct mann..'

‘Means. vithin a colunn vith a counon suporscript did

not differ lignificantly (P>0 05)

1 95%. conriaanco 1ntcrva1. AR

{ ﬁ,}
L

i e




Qchontributed to the differenpe in turnover rate

‘ ."8“2. .. ’

“from rates 1n any other tissues The leg skin (0 119 h ‘)

rand rumen muscle (0. 108 h ') fractional turnover rates were g

"fffractional turnover rate 1n the heart atrium (0 051 h- ‘) was
'less (P<0 05) than 1n rumen muscle and that 1n the colon

:h-fdimucosa was greater (P(O 05) than 1n the adrenal medulla

| °‘~;;oveplap (Taubin et al 1972) NA turnover rate (Table 9) in.

| h?f77ithe adrenal medulla (22 35 Ug/g/h) was greater than 1n the

Tf'ug/g/h) and turnover rates in the adrenal medulla and heart
: ;atrium were greater than in all skin and gut tissues h
”'”Turnover rate 1n the heart vehtricle was greater than 1n ear

'iiskin and all/gut tissues

Although temperatureeof acclimation generally had no f

7fturnover rate 95% C l of NA in the leg skin of CA~sheep
_ ,m;f(O Of%+0 002 ug/g/h) was greater (P<0 05) than that of the
" leg'skin_of WA sheep (0. 00910 ooa ug/g/h) Both

7nons1gn1f1cantly gneater endogenous NA concentration and

Table 10 contains mean+SEM organ weights and digesta

' '3-'itotal weight DM and water weights for various sections of

. - :

h"-igreater (P(O 05) than the rates found 1n the heart ventricle o

'e.g(o 039 h-1) and adrenal medulla (o 022 h- 0. Also- the

"*'ffheart ventricfe (0 094 ug/g/h) and the heart atrium (0 h"*ﬁ”i'!g

_tjf;Differences between NA turnover rates (Ug/g/h) were fd : ffgdﬁ;;fkﬂf

';V“fafcon51dered s1gn1ficant (p<o 05) 1f the 95% C 1 did not

BTN

"iisignificant effect on tissue NA levels and kinetics, theﬁﬁfff>r,-“*4'

vifractional turnover rate ih the CA than wA sheep leg skin f:;ggffhfif

5;;f§the gastr01ntest1nal tract and the-mean+SEM“heart, liver, ffj’ﬁ;ﬁ<_i“
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g ’,fvff_,acolon of the WA sheep In an other sections of the

Ay
5 :

' i'-ﬂ"‘j; B ‘v i

”tfik1dney and omasal we1ghts of the WA and CA sheep Omasal /
;<:fdigesta we1ght was not recorded All organs except the | '
:ft;fabomasum and heart of the CA sheep were heavier than for the
sftNA sheep but the effect of temperature treatment was
';{§;s1gn1f1cant only for the retlculorumen (P(O 001). small
.Ti€1ntest1ne (P<0 05) aﬁd 11ver (P<O 005) The we1ght of the
iir;ent1re gastrointestlnal tract plus contents was s1milar in
’ﬁ:”iji;the two treatment groups but the total mean+SEM we1ght of
'”-i ft%lithe empty gastrointest1nal tract of the CA sheep (2 59*0 06
;'?Hfﬁphfhkg) was greater (P<0 001) than that/of‘fhe UA sheep
»}'?ff?(z 25+0 04 kg) The colonsof the CA sheep contajned\sg%
”“hf;greater (P<0 01) water and 44% greater (P<O‘025)tDM than the

\

7}*ffdgastrointest1nal tract the DM and water COntent was not

kS

. f ’ ,' R R R R T ‘

t.‘:iﬂéﬂlnfluenced by temperature treatment pf:fftff-~’f"ffg5§:;}f?;;:

RN R



:‘ih al 1959 Bertler 1961) for sheep hearts (1 l2'-12 20 ug/g)

E Discussion L ;r-;f; B : ,_\.igff .

The level of NA in the heart ventricle was slightly

greater than that found previously (Goodall 19;4 Bertler etff‘i

S PreVious assaYS may have included atrial tissue which“fr[;f;fﬂjf?rf

et aI 1958 darrot 1970 Tu and Nash 1974 Tanaka et

5 TT;T negligible amount cf NA is located extra neuronally and NA

.-_3 contained less NA than,ventricuiar tissue 1n the present bﬁgéf&ify

| study The level of NA in the hearts of Btﬁer mamnals (Sh%e?_;‘-}..‘__-;_’é"fﬁ

i'j al.1977) is conparable to that of sheep Tissue level of NA

.

reflects degree of sympathetic innervation (Euler and

Lishajko 1957 Potter et al 1965 Kopin 1965) Since a

synthesis increases to replace lost NA when sympathetic Lo
activi ty is increased (Roth et al. 1966 Gordon et él 1966)2? ;

Thus degree of sympathetic innervation of the heart appearsfi;}:,”ﬁ
similar in most specieg, That cold acclimation did not oo

aff”t “““e A °°"°e"t"ation/probably indicates that the

degree of sympathetic innervatidn of the various tissues wasftfﬁxfii

much higher than that previously found for sheep_(Goodall

,;’ '3,1951) and rabbit (Angelakos et al 1963) heart 0. 12~ug/g)

"*fjﬁfft-A,_is usually low 1n extra adrenal tissue su"h;as the rat

and for the rat heart (o 01 ug/g) (Pend_l ton 928) but
?0;67 ug/g)

was similar to that in the golden hamsteryh”
(Lew and Quay 1973)/ The activity of phenylethanolamine
N methyltransferase (PNMT) the enzyme which donverts NA\to




. . ‘ . = E i_‘t;otmi_l.,,gA_-,_;,, :f._‘..: _ | , - 86 ; N
.,

;'heart (Pendleton et a] 1978) Low acb1v1ty of PNMT 1n’f .’i

~"_.v,extra adrenal t1s§ue and therefore,.low levels of A are

" ,;bel1eved to be due to the abscence of htgh levels of ‘.'

b glucocort1coqu at such locatlons (Wurt@an 1966) The h\gh et
| [

Ji_level of A\found in the sheep and golden hamsger heart

suggests that\heart PNMT act1v1ty may be greater in the

'>‘t;hearts of these spec1es\than 1n the rat heart As found :

. "’_’*15 greater than 1n the atrlum (Angelakos et al 1963)

'

présently, in rabb1ts the level of A in the heart ventrncle;_v‘QH

The level of DA found 1n the sheep proxwmal colon.

f‘.although greater than that seenin some other t1ssues, was'

»4iﬂ:much lower than levels (1 2 - 7 6 Ug/g) previously found

| tQh(Bertler et al 1959 Schumann and Heller 1959; Bertler 1961.j

- 4l1Ke the - abomasum'(Bertler et al 1959) of sheep have a

Nasmyth 1967) 1n the small 1ntest1ne and colon of sheep It

"T*appears that the . prox1mal colon and rumen (pnesent study)
. -

'_relatively low number of DA conta1n1ng mast cells Mast

' “,cells ane the structures wh1ch conta1n the maJor1ty of the

- DA. found in other sect1ons of the rumlnant gastrolntest1nal'n‘
fract’ (Falck et al 1964) It is 1mprobable that ‘the assay :
-techntéue for DA fa1led to detect actual hlgh levels of DA
- ‘present\1n the gut s1nce a h1gh level of DA in the adrenal-.t?

| ‘medulla (146 Ug/g) was demonstrated e :
As found 1n the present study. heart DA level 1s
_y'iusually less than 15% of that of NA - (Angelakos et al 1963 R
~ Costa et al.1973; ‘snider et al.1973). I

-

Adrenal medullary levels of A and NA were sim1lar to

“
-




‘1evels found in the rat adrena] fLew and Quay 1973 Tu and

i '_.“Nash 1974 Roy et ar 1977)\and the sheep adrena] (Gooda]]

::.1951 Com11ne and St]ver 1961) cons1der1ng that 1n prev1ous :

\ G o : e

“77;fvstud1es levels were expressed per g of who]e adrenal rather TER

,TA;than per g of medu]lary t1ssue The low adrenal medullary

‘:«s\content of tissues declined 1n a s1ngle exponent1al fash1on E

."content of DA was expected in that DA’ 1s a precursor 1n NA
~.synthes1s and dopam1ne B hydroxylase 1s not a\rate 11m1t1ng

",enzyme in the synthes1s of NA (Sn1der et al 1973)

Cr1t1c1sm of the present calcu]at1on of fract1ona1
N

~dturndver rates may be made 1n that\SA was\measured at oNIy

\

;two t1me per1ods and therefore the re]at1onsh1p between 1nSA;'1/

Iand tlme was assumed to be 11near (Append1x Tab]e 1) -Such a

llnear relat10ns 1p/has been proven 1n the'rat where Costa

et al (1966) showed that follow1ng 3H-NA 1nJect1on«the label"

/ ?

'.over\a per1od of two mlnutes to 40 h Thls 11near

‘,Crelat1onsh1p has been repeatedly demonstrated (Landsberg and\

*'CAxelrod 1968; \Taub1n et al. 1972) A d1phas1c dec11ne in

\

1nSA, 1nd1cat1ng the’ presence of two d1st1nct NA pOOIs ‘was-

: ‘"il»found (Beaven et al. 1963) only when the amount of NA

1nJected was in excess of a tracer amount (Costa et

-al. 1966) It has been demonstrated by Costa et al. (1966)

: that a NA free base dose of 0 165 ug/Kg 1% a tracer mount :

efor wh1ch a 51ngle exponential deollne in SA is fou'd In»
.the present study the NA free base dose 1nJected W, th 3H NA
iwas 0.18 ug/Kg o

The tendency for NA fract1onal turnover rate to be the __:‘-

.
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; 1owest 1n the heart and adrenal t1ssues agrees w1th prev10us-'
V»l1terature Taub1n et -al. (1972) found that the NA fract1ona1,

ate 1n the rat heart (0 068 h ‘) was less than 1n the sma]]t

:1ntest1ne (0 093 h ‘) and colon (0 102 h- ‘) and that of the

| rat adrenal medul]a (Udenfr1end anq Wyngaarden 1956) is ‘-

,;

R pfprobab?y qu1te low s1nce adrenal A fract1ona1 turnover rate o

’ffhas been found to be 0 0041 h ‘. The present data fop Sheep r.fpfe"

i mply that under the cond1t1ons of both warm and co]d

"T,.eXposure the sktn and gut sympathet1c nerves released a

"fgreater proportfon of stored NA than did- heart sympathet1c

' nerves and adrena] chromaff1n cells As found 1n the present'h\f/\ o
-Q‘?study w1th sheep, faub1n et a7 (1972) found the NA turnover“ﬂﬂgh
;rate in the rat heart (0 051 ug/g/h) was greater than in gut:‘ﬂi"'d
vfbittsspes (0. 011 - 0. 035 ug/g/h) It therefore appears that | |
'}rate of NA synthe51s in the heart of sheep, 11Ke that of the',t‘
rat, is greater than in gastr01ntest1nalattssue Also the‘:_?«
'f'rate of NA synthes1s in the skin of sheep appears to be less_‘.* o
1'than 1n heart t1ssue The greater turnover rate of NA in thef.-ﬁlyv

: 1eg sk1n of CA compared to WA sheep reflects the 1nvolvementf;r

“of the sympathettc nervous system 1n the vasoconstr1ct10n

response to cold (Meyer and Webster 1971) Support1ng th1s,_'t; w
< Hils (1979) has shown that. the NA. eff]ux from the ear of an J-*'

Aanesthet1zed sheep 1ncreased when the ear vasoconstr1cted
'whtle submerged in an 1ce bath The turnover rate of NA in
tthe adrena] medulla (22 35 ug/g/h) was remarkably s1m11ar to
'.the sheep adrenal medullary out@ut of NA (15 4,ug/g/h) f N
\\\calculated from the data of. Comline ‘and S11ver (1961) w1th

N
=

NG

Y R

gtsion e 7ty S O,




“*sect1on As stated dn Matertal and Methods,sthe adrenal

"'I,»w1th A was treated as 3H NA __.'f;p:7sfufﬂ*

'f~measured by the d1sappearance rate of 3H NA)

T

e

N the assumpt1on that the adrenal medulla we ht in the latter;i

; _study was the same as ‘the mean we1ght (0 72 g) 1n the

”7;_present study &9oml1ne and S1lver (1961))peasured d1rectly

_f_adrenal NA output 15 30 m1nutes follow1ng splanchn1c nerve

’lf;medulla NA turnover rate calculated in the present study 15' O

R

- That cold accl1mat1on had no s1gn1f1cant effect on NA

*l,klnetwc parameters 1n t1ssues other than the leg sk1n

N

"_1nd1cates that the effects of temperature, 1f any, were tooittt“f‘}

s

t’fﬁfan underest1mate s1noe the adrenal rad10act1v1ty assoc1ated EE

‘ “small to be detécted us1ng the present assay techn1ques and ;;i-:.,'

o number of an1mals Dwfferences m1ght have been seen 1f the

AN

'fcold exposure had been acute s1nce Rubenson (1969) has shown.:,ﬂtt;a;

3:that various short term stresses such as. 1mmob1l1zat1on and e

shwelectr1c shock 1ncreased rat heart sympathet1c act1v1ty (as.’}”

o the ret1culorumen and small 1ntestine) assoc1ated w1th long¢
_h,rterm cold exposure was probably related to the greater feed -
‘ift 1ntaKe 1n the cold. rather than to cold per se. Tulloh if

| (1966) found that ‘the. we1ght of the gastro1ntest1nal tract
s greater 1n graz1ng lactat1ng than non lactat1ng cows Thehr‘

”"1ncrease in we1ght presumably was a response to a greater adg -

”'fqllbltum 1ntake dur1ng lactat1on Tulloh (1966) also found

'lthat the lactat1ngfc:

3rfall segments of the gastrotntest1nal tract In the present f

. -

The 1ncrease 1n gastr01ntest1nal we1ght (part1cular1ly RN

fs had greater quantmes of d19esta o



BE NG

| 555'be needed to detect relatlvely small shanges in sympathetlc fpfifﬂ?ti
NJffj_nervous act1v1ty The turnover rate of NA 1n the leg sk1n of
{yil'CA sheep s greater than 1n the leg sk1n of WA sheep ThlS
| ‘"tfﬁreflects the 1nvolvement of the sympathet1c nervous system

”1fythe 1ncrease 1n c1rculat1ng NA in CA sheep (Study 1) may '

‘r“ffh;NA. A and DA were usually s1mllar to that prev1ously ‘j]_]j;

’zt7dsmall 1ntest1ne although 1t was not poss1ble to rule out the ;5»5’ B

vfistudy only the colon of the CA sheep. conta1ned more d1gesta ﬁf Lt
‘T;than that of the WA sheep It 1s nrobable that cold 1nduced |
‘i:;reduct1on 1n ret1culorumen tran51t tlme lKennedy and

jfﬁ.M1ll1gan 1978) prevented accumulatmon of d1gesta 1n the

'ret1culorumen u, B

';fi;d1sappearance curves appears poss1ble 1n sheep but the large

.fffvar1ab1l1ty between anlmals 1ndlcates that large numbers may

:'[1n the vasoconstrictlon of sk1n and suggests that some of ;ﬁﬁffy,»~ﬁ
: :ar1se from sympathetlc nerves 1n the sk1n T1ssue levels 3f
7Areported for sheep and other spec1es but a very h1gh level
'of<DA wh1ch has been prev1ously shown in some port1ons of
”tthe rum1nant gastro1ntest1q#l tract was not fo&%ﬁ in the"f~7s
'*-rumen and prox1mal colon of the sheep of the present study

4-tfappears to result 1n hypertrophy of the ret1culorumen and

' ,possib1l1ty in. the present study that the hypertrophy was: a

"vd1rect effect of cold

_ o 90 ¢
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/.‘9”§udur1ng the adrenal1ne and noradrenallne 1nfus1on tr1als of T

‘7Tpexposed sheep of Study 1 was 0 00387 Kd/Kg° 73/m1n/ C The

: t

o V Conclus1ons _}1~;;fﬁf”

L

}‘f"An effect of chron1c cold exposure on thermoneutral heat
; 'iiproductlon was cons1stantly demonstrated For sheep exposed

't°fiffor at least four weeks to moderate cold 1n Study 1,}and

oA

St C lowerwng of room temperature (Kd/k9° 73/m1n/ C) were

'the cold env1ronments were 15 5 8 5 and 14 0 C

respect1vely,_below the temperatures 1n the warm

'T“env1ronments The comparable value for the 1nterm1ttent cold

V

: {fffabove-values~represent a mean 1 84% 1ncrease 1n

"”Jand 1nterm1ttent cold exposure

'titemperature The results 1nd1cate that 1n sheep there 1s at

least one common charactertst1c of accl1matlon to constant

Adrenal1ne and noradrenal1ne were calor1gen1c 1n both

ffdﬂfbut not noradrenal1ne was enhanced by prev1ous cold

i BV
*q_jto be elevated throughout a prolonged per1od of constant

'Tfﬁt?iterms of bpth the heat productlon response of sheep to coldﬁﬂftixtwllx'

‘tuitand the elevat1on 1n thermpneutrdl heat product1on seen in’

'VtT1nterm1ttent cold exposed sheep, 1t appears that

j“catecholamtne calor1genes1s ma} be an 1mportant factor in:

‘:{?TStUdyjz the lncreases in thermoneutral heat PPOduct1on per-f{f?;?ﬁv

'ffilwarm- and cold accllmated sheep The response to adrenal1netv3“”
"faccl1mat1on Because plasma cateoholamfne levels Were foundf;[f;"p;e"f

n.ll.cold exposure and dur1ng the warm daytlme periods for the ZfE[QRTﬂ_'EV

R AR DRI

'“i’thermoneutral heat product1on per C lowertng of accltmat1on gﬁfffff




'°1fffcold accl1mated sheep In add1t1on 1t 1s p0551ble that h1gh

-*ﬁidladrenal1ne SUQQGSts that

'"7’f[secret1on of adrenal1ne ljfgigr;igﬁ_ﬁif,n;~‘,*"~-*4~‘~"

iwﬁadrenal1ne uif}f;ﬁ7ﬁv;4f{f?ﬂﬂffjf%pfff¢j}f;§ff17“"”
v e e e e R

poe, 57"‘_"-:ipr'OdUCtlon
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A*1501rculat1ng levels of catecholam1nes 1n some manner result

'lf*1n ttssue sen51t1zatton w1th respect to the calor1gen1c

:'{:effect of adrenal1ne The 1ncreased sens1t1v1ty of

"9;;i;c01d aCCl1mated sheep to th‘ calor19emc effeCt °f

hhv 'accl1mated sheep may be

”‘y,éﬂgsubjecb to an- extra engﬂgy expend1ture under any management '}dfﬁ*ﬁth

h”ﬁifffor env1ronmental stress wh1ch evokes adrenalmedullary

N

“';E“fttbe ass001ated W1th skeletal muscle contract1on and therefore :d‘_
Jiflit ‘was suggested that the calor1gen1c response of sheep to” ;fiflﬁ'*fi
”Ifidjcatecholam1nes was a non sh1ver1ng response 1n skeletal “: |
“7?7ac§;?muscle Cort1sol metaboltsm'was elevated 1n sheep throughout irhi*
'T?%?ia 50 day per1od of moderate cold exposure The poss1b1l1ty

?L”fifex1sts that the 1ncreased cort1sol metabollsm contr1buted to o

LN

.}‘t;“the sen51ttzat1on of sheep to the calor1gen1c effect of

Pl

Changes 1n heart rate durlng catecholamJne 1nf0s1ons

c-'

‘5'fi?d1d not correlate well w1th changes 1n heat product1on Thus -

| d']1t 1s concluded that heart rate 1s only a poor 1ndex of heat9

.

Catecholam1ne 1nh1b1t1on of rumen mottltty appeared to ly;f;tgfff‘

'”;{i?be supressed by cold accl1mat1on Th1s adJustment could

'fjrpromote 1ncreased retlculorumen mot1l1ty 1n cold accltmated

CE e R '.

. Ndbadrenaline turnover ‘studies in sheep.require more-. =

TR -

"ifi98{f?

) N

Catecholam1ne calortgenes1s 1n sheep d1d not appear to :ffﬂﬂ”"°v
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animals than used in the present study where only a(

/
difference in skin sympathetuc act1v1ty could be

.Wf’* demonstrated between warnt- and cold acclimated animals No

: were compared Exces51ve tissue dopamine levels were not

'.__‘found in the ‘rumen and colon as has been found in other

sections of the ruminant gastr01ntest1nal tractﬁ

*

Greater feed intake in the cold env1ronment was

‘ ”;probably the cause of 1ncreased reticulorumen and small
o ,‘intestine weights and 1ncreased fill in the colon of
~icold—acc11mated sheep but from the results of‘the present

.study a more d1rect effect of cold on gastr01ntest1nal

h

weight and weight of gut fill cann& be disproved

'differences in tissue catecholamine levelXNWEre found-when f

‘Vsheep acclimated to 9 weeks of cold and warm temperatures j



