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The effects ot acuhe and chronic cold equsure on the o
I .‘ /:/,: _“ . ”,_\ . -
_nd blood flow ue:ef A

'a'ﬂ-ﬁjneasuted in yielve, s1x-honth-old vether sheep.:Pclor to the”g]ﬁﬁﬁ

oﬁﬁifneasgrelent of blood\flon theﬂadxials Iere randoulx

Y : : & roan o

'=€fallocated 1nto one of three trea-lent groups and exposeg to

\

o 5e1ther' (1)near thetloneutral bond;tions, deslgnated the

Hlﬁffcontrol gronp (COU).;(Z) 12 hrfifﬂcold, desmgnated the aoute fffT;
‘ '-;cold g:oup (AC)°; |

lﬁﬁfch:onlc cold grohp (CC)._The control group as nell as both

(3} 10-12 veeks of cold, des1gnated the

'”jllcold treatlent g:oups prlor to coldsexposure uece naxntaxned“:o[gf

j;-'-j'v_’at tenpel:atutes oi‘ 1a+n.5 c dry bulb (db), 11+2-8 c et bnlb

”"(ub). poth the AC and CC groups':

ée exposed to 3*1 u C db

W_.__q

ofth*O 8 C wb, dutlng thezr cold.exposure pgtxods...f

All sheep wete kept 1n 1nd1v1dna1 letabollc ctates 1n

i

f”te-peratnre controlled chanbers nndq; continnous lullnatlon.‘

'f*ﬂA tatlon ot 16509 of btone—alfalfa pellets IQS‘Offé/;d

'f’the AC aad CC sheep.. decrease 1n hody sntface telperature o;gjﬁ



l

v'ffllnute-j'

”f7l3fslgnxﬁxcant at the 0 05 level._{x¢f_li.;{{j\“’fg."'“

o Relatlve to the cqntrol sheep, acute cold exposure
‘ . Vv _‘ . \

dszcaused an’ 1ncrease iu hlood flov (l1/100g tlssue/lln)to the

de;therLds, adtenals, and,ﬁ?eletal. nuscle, uhile a dec:ease

lh blood flou vas leasured to the nasal turb1nals,

;ifﬁ.dlaphragn. lungs (vxafb;onchaal arterxesl, radlus and ulnaif;;y””'l

?ﬁjbonemtxssue{

«Pff;exposute caused an 1ncrease in blood flov (l1/1009

- ‘\ )

N

'-hfnlna hone tissues,’lungs (via hronchial arter;es) and
o A ‘

"\'

_fThese cold 1nduced d1ffetences An blood flov ate

RN

'i]d1§t:1bution_1nvthe an1nals. Increased

*lshiiering or;n.ushlverxng therloqeuesis in the skeletal

-3

Z'u;flncreased heat conservat;on can be seen by the reduced blood

; ;ﬂ;exgosed sheep vete re‘pectxvely 5 5. 6 5, and 6 1 llters per ﬁf“

hese d;ffetences Ln caxdiac output ue:e not \_;}uf_fﬁf

'”7f-usc1es, uhile a decrease vas leasured to the tadxus and L

i-iggastr01ntes£1na1 tnact-,_{{ff\ff*jﬁfﬁf{f*gﬂf%dk,?:lfif f@{“'””

t Productlonua PR

‘*ﬁgsf-uscles of the cold exposed sheep vas possibly ledlated by \

'fxncreased thyto;d and adrenal activity. Bvidence of possxble

and‘;he gastréxntestinal ttact. Chfonlc cold_ﬁff,g.ﬂ_.v‘

- tlssue/lln) to the thytoids, nasal turbznals, and skeletaL?ifff;ﬁfﬁffﬁ

»}Qreflectlvt of adaptxve chepges 1nvolv1ng/uutt1ent and heat;;”f :b‘“w



S
T nuttxents in these anllals.:

the tednctlon in b:onchxal arterial flov.

Ihe red1str1butxon of gastrointest;nai blood flov Ln

e

the cold exposed sheep uas prxlarily ianifestgd as

. N
~ .

™~

blood flou to the tetxculo—rulen, ana could potentlallycbe d

£actor 1nfluenc1ng dlgestive functxon and the absorptlon of
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3 Bffe ts of Cold oh ngestive run‘
Rﬂlila tsqoq.bd " wi . .

"{2; 5 Technical uethodsuof Iniestxga xng~5:

glood Plow....

o 3«w272‘xsiologica1 Heasuren n
uicrosphere Injectxons

, ~rzanfnrtxcrs»or:ncurx aaﬁ cunou:c ’
.coLp nxposnnn'oa”aLoon FLOEADISTRIBUTIOH IN

- “zy-f.GAStROIl!BSTIllL BLoonﬂrLow
'*.&DISTRIBUIIOH_II cozn BXPOSBD SHEEP.










Lms

- owe

.'_0-

jj'te‘petatures.....l :....I..“..;.'.........‘.Q;.,‘.“.‘. ..’".‘;.‘31,

"»cold (AC) and chronlc cold (CC) telperatnres..........w3

lxelatlve blood flov 1n sheep exposéd to near
3{thernonentra1 (COH), acute

! fcold (CC) te'Peratures.-.....-f-fw”‘;

b;gcardlorespiratoty, and n

'1Percent d1str1hnt10n of cardlac output and blood
‘fffexposeq to near thernoneutral (CDH), acute cold (AC)

-r;Percent dlstr1bution of gastroxntestinal blood flou;,i

°‘rand relatxve blood flov 1n sheep exposed to near

oL e?nfgListrdf‘rableSff;-f‘-‘q,;(iw

{p

.g Ta‘bleo ..Q o . sese . o-.o.<.‘o K] s‘{‘. p.‘-vov.-_,'. .’; ‘- .'.",. L) coe '-'.o‘ . = 0 cewe c'.‘.' ‘. e ..Page

s

CardloreSparatory fn ctlons, skxn telperature and
body velght of sheep exposed to near thernoneutral

(COH), acute cqld (AC) and chronxc cold (CC)

‘. S N o . ‘.‘;_u,____,‘/\

i?Percent d1strtbutiou of caréxac output per organ 1n

-fﬂsheep exposedfto near therlonentral (CON), acute’fffnff?:féthf?}

.Tsttllatxon of tlssue and organobloﬁd flou “muff'*t37<T”7'  s

’ A/_-_v o

‘,(11/100g/11n) 1n sheep exposed to near thernonntnal e
o “é N . .‘ :3
u; (cON),‘acute cold“(AC) and chrénic cold tenperatures..uu ”

. .
o ‘4.

R n

coldt(AC) and chronlc fﬁf””

B Body we1ght, 1ntake, dlges_ bllity.;,f 'ff"f;j;f' ,’;Qi,*5y“ﬁ“i

_.-u

ttahol1c :easurenents 1n
‘ i

2

j*jsheep exposea to near thernonutral (cou),_acute °°1d

’4(AC a@d chronic cold (CC) tenperatures................57

!Efflou/1009/lln to the gastroxntestinal tract of sheep':“ﬁﬁ“"f "

o l . o‘:l",'-‘.

!

?7i#and chronzc cold (CC) telperatnres-.............-.....58

B B

3_ chernoneutra1 (CO!), acute cold (AC aﬁd chronlc cold ‘c’ﬂf‘gef”

R
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'ffllcrosphere 1nject10ns in the left ventrlcle and

!

;Blood flou est;natlons (n1/1009/n1n) for sheep thh

1

t.descendlng aorta;---o-...;;...;;;0.....-..Q..-.0.....10“

qfﬁ ¥ . ﬁt>wi"d

AV

(CC) te.reratures-ltoﬁooo..;..-.;......-'....-...'.;-059
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‘-‘chronlc cold telpetatureS}.........2...;L....cg;;;.,;;i9'a_.”'
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’g.ef£1c1ency and salple volule of countet 1 calculated &72Ii

*{lassocxated uxth llcrosphere 1nject1ons and

fexposed to neat thernoneutral, acute cold, an ff,:.[
fuith known guant1t1es of Ce-1u1 and Sn—113:5l:

:salple volnue of conntet 1 calcnlated vlth a. knoun

qnantlty of 5!!"113.....-..l-.a.-......(-f...;-.--;-....'.-ga_v_v.T.
Ejﬁpxhe carotld artery and left ventricle as a' 02 ou by

j left carotld az/ery of a sheep....-..................100

7

LN

neasurenent of blood flov dxstr1butions 1n sh ep f,""\ . ]é

Relatxanshlp betneen radlonuc11de countlng lhc?.f | R

e s

:ﬁfradlonncllde souICe.........¢;.......;.....;...5......98_»Uf’”b

: N

vvﬁBelatxonshlp betieen percent 'splllovet" of Sn-113

"iradxonucllde 1nto the Ce-1u1 "countlng ulndou" and

'jtrace of.systollc and dxastollc blood pressure 1n

4

‘“".fO 07 nn I. D. Tygon cathetet Ias 1nserted doun the
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jV'--'lloore, 1972- Henshau, 1978). ebservable changes 1n dxgestlve'17

_;efflczency,.prxnarzly and practxcally denonstrated as a c'ff

',falso been reported (iarren etal..197n vestra and °i-?"

‘chrxstopberson, 1976)._01t1nately, tbe energy budget of theﬂii(*V

2

f"tbe uorld.

’ . t - . : - . : . .
. o . R S (.
i

o ’ L N

1. cnnrnn 1 ::Il!lODGCTIOI |

v%'An anznal's.tberlal envxronnent bas been shoun to 1nfluence
"aln 1ts effxcxency of nutr;ent ut111zation and productlv;ty di:"
f*(xlelber, 1975). Hany. cold tenperatnre xnduced changes in
;therloregulation and tberloadaptzve necbanisns 1n anllals'-d

= have been doculented (Astrand and Bodabl 1970 Bllgh and

{reduCed feed d19est1b111ty, in cold exposed anlnals bave

ﬁ?anllal is affected by tbese cold 1nduced events vhlch 1n

“.turn affgcts tbe grovth and prodnct1on of the an1na1 (Yonng,

R
STty

'r1975). These factors becone 1lportant to llvestock producers *f

i

#;becanse 5bey affect tbe econonlc advantage of an1na1

“:prodnct1?n 1n dlfferent geographical or clxlatlc areas of

I

In donest1c runlnants, factors snch as. retlculo—runen""

"c';IOtlllfY. tate of passage of dxqesta, and the 1nfluence orf711"'

4 E e

'*f.-nedlatxon of varlons endocrlne hornones 1nclnd1ng thyroxlnn*

e et ey

R (ra), tr 1odotbyron1ne (13), adrenalln, and noradrenalzn:;rcy

| “-;flov as 1t affects nntrlent and beat transport and exch'nge

Qbave been 1lp11cated 1n cold 1nduced changes 1h anxnal

'hﬁprodnctlon (iestra and Chrrstopbdrson, 1976' Kennedy etal{;f.*dz'

"Jisrrndlcatlve of tbe sxgnlflcance of tbe circulatory S stel

o fﬁ1977‘ Tbonpson etal. 1977). llso, tbe anvolvelent of bloo_'°'

-~

»

3f11° therlal adaptation (Uebster, 1976' Hale\\1976a, b:.':



B concerning the tole of blood flov has been diff1cu1t to

;:been carried out on do-estic rulinants nnder thernoneutral

"=i‘and acute cold conditions (Alexander, 1973, Hales, 1976a).;

:Hoaever, dne largely to technical 11l1tat10ns, 1nforlation

,_-cOld achilatJ.On, e

:f;t‘obtain. Recent developleht of the radioactive llCrOSph:'e et

'A;techniqne has allowed sone ptogress 1n leasnrenent of 'lood i

lflov in anilals (HeYnann etal..1977).n1 fev studies havel}jf.;i

(

'”jHovever. to date, no stndies have heen u\dettaken to fl"fﬁffm,x;
S . ”“5*“**§;]fa
"f5g1nvest1gate the 1nvolvelent of blood flou nnder long terl orf}j~*

iffchronic cold acclilation conditions,.in spite of the fact

'lf»,that lajor phySiological changes are prec1p1tated during

The purpose of the present study 'as to use the

“??radioactiwe licrosphere technique to investigate blood flow"{fjﬂ_

\',\.

““*Wchanges occurrihg in. donestic sheep as a result of acute and;ﬂff‘

'fv;chronic exposuré to cold. The results of such an

vg,.resjerchers ..nnderstanding the nntrie‘”
siof practical s;gnificance in desxgnlng or reconnending

' ewhere cold stress 1S a factor.,f7uf'

investigation should aid 1n deteraining if.differences in

'ﬂi;blood flou and blood flov drstribution conld account for

| 5f digestive and therloregulatory cﬁagges reported by_other E%tih

and therlal

l’itransportation and exchange -echanisns °°“ldffef‘i}hlfi

:}finSight 1nto the functioning of anilals and consegnﬁftly bejfﬁs’ﬁ

e

"“1'31 feeding and. Ianagelent practices._This understandingrite~

Z‘M-ay contribute to llptOVlng\y;BﬁﬁCtlon in Clllatlc areas

- The findings in this thes;s are presented 1n the text ,3f_j;




Hchapters 6 and 5, umth an acconpanying revieu of lltetatute,

chaptet 2. Appendlx I and II contazn supple-entaty nethods  ffF ; ’

and tesults not consxdered qpp:opriate far inc1u51on 1n’*5“'

. f

onclu31ons jf,;”;~“ﬁ

| chaptets u.and 5.-1 general dlscusszon and thef”

Q ax:e presented 1n chaptets 6 and‘-—l . of the thesxs. Individnal

fneasntelents for each an;nal are cqntalned 1n afpend1x III'




p. cnaptxn 2 nzvxx- or thznnrun’ffg

_1976a)

975. aales,

i1969a, b. L R
activlty of the thyroxd

:uith increased

_rcnlatzug Ievels of thyr01d and adrenal ornones (Guyton, N

'rjﬁstra and Chrxstophetsono.1975‘“Kennedy etal-,1977"

. a970 ,15;,- “;Hf“.gf.g; ' o

'hé prilary purpose or function of(% e dbov_ . ?7 5

R - o g e : . co g

3 physxological changes fs to facilitate an optxnu- NIRE
thetnoregnlatory response to cold—stress~in.9rder to,ﬂj* "f:{

» aa;nﬁaln honeother-y. This is basically achleved hy :ednc;ng



Z-,f?production A

’{1ncrease in heat prodnct1onijia shiverlng thetlogene51s

3““”¥fheat 1oss aad/or 1HCt9381n9 heat Pr°d"Ct1°n'

-

The lec‘aniSIs invclved 1n cold indnced lncreased heat~ e

'”f;;theraogene31s and (2)non§hiver1ng therlogenesxs .}Aa:[:ifﬁlfb'

-

7?.occuzs prilat11y£as a result.of increased physicaI actlvxty'.;

”;ﬂfof skeletal lnscle. Therlogenlc effects of thyr01d horuonesf”'

”fffq(Guyton, 1969 Depdéas and Behrans, 1978 Poster and

"-T¥therlogenesis is. yet nnresolved.,,l3f,l

4"*} :eat loss fron tﬁé permphery 1s decreased asaa consegnence

rayof functlonaily 1ncreasing the effectzve tissueglnSulatlon

*" ;of an anilal._z:;;fc'f};

”‘Frydlan, 1978) hovevet, the exacﬁ nechanxsn of nonshzverxnge

.

y*>¢iahd catecholalines have been teported 1n soue anlnal specxesfeft‘:'

- ‘ {

o
A g
AN T

.\.

:fl‘?hdﬁcxdoaz;n'heat.loss 15 prlnarily a result of

:,epxirednced peripheral blood flou. Convective and conduct;ve :ffef:”'

;

cir \m -

~e T

Although the above ther-oregnlatory lechanisns

iﬁlij?appatently vary in llportance ilth ditfetent specxes; theyA
“f;ﬂ;ate observed to}be Iostly nnlversal in lallals.‘The control-?ifee'
;ﬁ%_ﬁot.xntegratzon of these :esponses 1s generally consxdered teh,;fﬂ?eflf
K ;:Toccur via the hypothalalus (iebster, 1973), but agaln, the '

*c3;3specifxs lechaniS|s of each relain latgely speculative._?fl* Lo b

‘“N&Jwﬂwﬁag~w' }

3gﬂ*c onewlagor foie f,hlooﬂ-flou during cold exposure 1s

. ‘\.‘)‘-( . “@"‘ . ,(. .

D s "



. ] ‘.
" .

(1976a), Levey eta;l._ (1977) and Henshau (19?35-\;\ the

3Q/wje *vredxstr1butlon of blood fnnctlons prlnarlly as: a heaﬁ

.‘.I

SN e B ‘ \

’ e TN
//{;1; “ jconservatlon léChdhlSl. the sugqested processes zncluae

Q(Astrand and Rodahl, 1970) an@ perhaps lore i-portant,:

sxnvolvxng arte:xal-tenous blood sbuntlng.e_

' connter current exchange or, arterlal—venous heat exchangeﬂ;

+vasoact17e actxons (vasoconstrlction, vasodllat;on), ,»"“7}

Edvards (1967), iebster 1.’7u),'and Hales (1976a) have

”fjreported that the vasoconstrlctxon of ‘the" skxn and
: [ A '
;;extrenztles 1s a loqxcal response to teduce conductive and

°

“geconvect1¥e heat 1oss by effectlvely 1ncrea51ng thegtissue.
W it

.??'§71nsnlatxon of the anilal.vthe extrellties conpose 3

"V/e“ g:portlou of the body anrface (appnox1lately 30!) (Hebster,”szfi*f

‘

'fouConseguent1Y' rednc1ng tug heat loss ftOI the extrenltles 15
xQV o£ consxderable advantaqe to anllals 1n a cold stress
*% 51tnat1on. Bo&ever, to 8101d cold dalage,'such as’ frost b1te

of tlssnes, a lallal lust laintaxn at least a n;nllal blood

“ﬁsnpply to all txssues, anluding"ihe skin and extrelltles.'of

Thxs blood supply lnst be sufflcient to leet lxnlnul

>

gnnttxeat and therlal delands to\Br vent freezlng._,f,f'“’~

LR S e

SR

11197u-28a1. 1977) and~; as such, can account for a: latge ,f[ﬁ5

.-portlon of the an;nal's heat exchange '1th the env1ronnent.;oJ{wf

e



s

- Durinq semere cold expdsure. the blood supply requlatlon toﬂﬁ"A

fp'surface tissues is observed via 'hunting" teactionS. or f

e cyclic vasoconsttxct1on-vasod11atlon of the extrenltxes

'..‘6

- )

e

d
o

del sd for shiver;ng.alf.t";

.

(ueyer and iebster,_1971° Leqey etal.'1977 Henshau, 1978).v¥nfs;,[{u]

cdld exposure Also affeéts the blood flow to areas

\
s

other than the skln and extrelities. nouever, conprehens;vef_j,p_'

infornatzon concerning the effect of cold exposure on bloodxiﬁ_if"

.\

'ﬁ flov 1n donestic rnninants is sonevhat linlted.,An anreaseleff

‘in blood flo' to snxverlng skeletal nuscles 1n acute cold

- @

exposed lanbs and adult sheep has been reported by Alexander*~'

(1973) and Hales (1976a). The 1ncreased blood flou to these S

\

tlssues vas assuled to he due to the xncreased nutrient

N A

Alexander (1973) and Hales (1976a) also reported an

anreasesln hlood flou to the adlpose tissue,'uhich 1n the

case of lalbs, nas 1nterpreted as a dlrect tberuogenlc

response of the brovn fat tlssue. In the adult sheep, the ;Q;,fﬁ"‘“

increase in blood flou to the adipose txssue 1s seen as patt;[

’
1

for netahollc and therlogenlc use (Thonpson etal..1975'
“f Although a SLgnifxcant increase in blood flov to '

tissues such as adrenals and thytoids of adult cold exposed

sheep, signlfying lncreased netaholic act111ty in adrenal

and thyroxd tlssue, has not been shoun. increased vf{f"f;i[‘”

.

circulaling catecholaline levels and !3, ru IEVels have been S

delons_rated.»(iehster etal. 1969-5Iest£a and

of Al nechanxsn.to nobllize fatty acxds into the cxrculatlon';f""l



’jChrlstopherson, 1976 Keunedy etal. 1977 IhOlpson etal’*uviﬁf_,o*

*:'f 21977)_ Accord1ng to a teviei by ﬂebster (1973), one of thef ff?7;

“'3';vra, specifically prop;onate, to glncose for thernogenxc

&-ﬁfthe dlstrlhutlon of VPA to xhe 11ver and the consequent ;f:

‘ f;fblood flov 1n anllals v1a tno bas;c processes- (1) By/'
R '__'«_7‘

’:

"eof volatzle fatty ac1ds (VPA) ;nyuetabolically actlve ;gf§e{?.“n?

7Qtlssues. Also the involvelent of ‘tlver 1n convertlng 5ﬂ_lﬁif1

R SR

Sy Rurposes has heen delon€§rated (rhonpson etal.‘1975 1973)_;,,

\

1?“The 1lportance of portal blood flov concuttently affectxng

/.\" R

eettdlstrxbution of glncose to letabollcallyfactive tissue has:”[-

'f-also heen shovn (Ihotpson etal. 1975- 1978)

Consequently. coLd exposure can be seen to 1nflnence

”~,Q1n1tiat1n9 the transport and redistrlbntxon of heat.- ef}ff*y B

:7epartzcularly involvinq vasoactlvé and countex curtent

'5-}Tnechan1313 of the superficial tlssnes and (2) b] 1ﬂﬁlﬁen01nglﬁﬁe:

1

.'ji_the nobllxzat1on and avaxlahility of nutrlents, such as VFA,}‘fTﬁ

.;e]for conversxon and oxxdation in thernogenlc tlssues.

" »~ 2,.. ! ;: Qg —B est ' i t on L »ull a ts , B

The reductlou of d19est1b111ty of dry latter (Du), SRR

'7Qéjfenergy (B), acxd detergent £1ber (LDP), and nltrogen (N)

”'eTffeed conponents in donestxc rulxnaﬁts as. a result'of cold

i;[exposure‘hes been tepeatedlf delonstnated “Blaxter and‘ :
i"ﬂ'vj-,,"'AilaJ.mlam, 1961- iarten etal. 1974' iestra and Chrlstopherson,ifi*;

,‘1976 Kennedy and Hxlligan,,lQ?B).vIn conb1nat10n thﬁ‘the gt;eg




B U \ :
\

'fg;need to‘laintaxn;body te-peratute, the reduced digestlbiVLtyelﬁfgf

"?'fséof feed can befOne of the lajOr enetg] °°s§s t° the an1nal

.iade-and has been reported (Ba11e and roxbs, 197“)._ln

"Q'f”;xncrehsed retxculo*rnlen notility acco:panied\uiih an ;fgjy;.e}.:

.f’,;fthyr01d horlones, has been denonstrated xn cold exposed

:‘_';v'_' - / . . L
hﬂflncreased rate of passage of dlgesta, possibly nedlated by'_“*f_gy

o_ .

:ZVstheep (Hestra and Chrxstophetson, 1976$>Kennedy etal.,1977).»~;e”?

! ;3Qirhe d‘ncouitant effect of these physiological changes has

1*gibeen to tednce retipuIO*tulen digesta 'olune in the cold




Dkgestxhllity of feed o: the alount oﬁ nuttlents

we,%ohtalned fnon feed by a runlnant can be affeeted by lany x.,ieigf

-‘

'“‘foactors (Ha]natd and Loosli‘iﬁ969) As uas prev;onsly

"”?jent oned, the breakdoun of‘_ gesta and the absorptlon of -.;  ;;

N R v : :
. - 3 e

;"“e'gnntrients lnto the hlood are tUO_such factors.

L v o
The specztlc 1nvolvelent f blood flow 1n the ru:1nant1

g tonachs 1s prxnarily elated t0'1ts effect on the‘;;

’ilVftranscaplllary concenttitxon ot osnotic gtadient. Hence the o g

,gestive functl_nal changes'

';bf cold exposure

n"ﬁ'redxsttlbution 1n and to the GIT.

’?5  So.e stndxes have been nade on r"glonal blood flow 1n,"

bﬁﬁﬂyatlous'etpetilental condifions (Sellers eta1.5196nfff_:;

iehster, 1972 Sylonds andﬁEaﬁxd,uﬁﬁ

,'1-‘9:67-";. 1913- |

arbnlxnski,

Wy 1 973' ‘



4_‘_';researchersf_ ‘rhe lore c_ )




The tbernal dllutlon nethod (Fégler and H111, 1957° AL

iebster and ihite,,l972) 1s ba51ca117 1dent1cal to the

indlcator dllutlon technlque v;th the nnlgue exceptlon that ‘{' '

the 1ndicatot (a therlal dlffe,ence), 15 often adlxnlstered

. 1 :
in the forn of roon telpetatur sallne. Detectxon of thernal

dlfferences ate éonsequently lade vxa the use of a- thernal _d-‘”

' sensxng systen of thernocouples or thetnlstors.:ij
Both the lndlcator d11ut*on and the thernodllut1on s
- nethods have the adyantage of, belng telat1tely silple

least xn theory,_to utllize and Hlth the added optxon of

\

repeatable neasurenents on an lndlvldual an1la1. Houever,-

catheter placenent and patency are: chron1c problens u1th S
B

these technlques, and phlebltls 1s often enconntered

(Bebster and Uhite, 1572). Also, ep%eCLally ilth the

ea,'tlndicator dllutlon nethod the re11ah111ty of results has

i

been questlonable due tOe alectlve uptake of 1nd1cator by sz'“

tlssues and apparent dlfferences 1n neasure-ents obtalned by
o u51ng dlfferent 1nd1cators (Foster and Prydnan, 1978), Of e
,7 %
'iconrse one of the lllxtations of these lethods 1s that only

one tlssne ot organ can be leasured at one t1le.‘[,'

Jffg»’” The nethodologr for leasnrlng blood flou v1a varlous oeLﬂe,

EERE I SR

electronlc sensxng #ygte-s 1s soievhat'aependent g@pg the
L 7% : iy w
type of fiow neter ﬁsed.._m pr1ncipa1 these nethods@ix.
/ ) : R
Ealilln and Sn1th,/1977) 1nvolve the placelent of a collar
Lo ’\F

1:sse1 and alterat1ons 1n the




:4Lthese‘techn1ques ane that 1nstantaneons and accurate

easurenents can be obta1ned, repeated neasurenents can be

‘

lade on one anllal, and an estllatlon of pnlse flov is,

Ty

'possxble. A fe- dlsadvantaqes are that surg1ca1 nanlpulatlon

O

of the anllal 1s regu1red, restt1ct1ons of the natural

SN e

vessel dlaleter are necessxtated, the apparatns LS sonevhat “~f:-

bulky, and usnally only one vessel can be lonxtored at one

tlle. "

2

for caplllary blood f o1 8 research. Basaca11y~nthls technlque

.‘.
4

1nvolves the inject‘on of lllllons of radxoactlve plastLC'ng/f ‘




s

Lt

.

N

t-{'advantage of belng able to conpare a11 t1ssues of the hody

j:sxlnltaneously. Repeatable neasurelents are also possxble by

vt.laklng repeated rnéedtlons of l1crospheres contaLnlng

t;nuclxde 1nject10ns..;

o lxcrosphere technlgues have been prov

-t

dszerent nncllde lahels. Presently, there are conlerc1alLy

<ava11ab1e at least elght nuc11de labels whzch can be used 1n

‘conjunction u1th nlcrospheres. However, nucllde countlng

' \

iﬂ‘procednres becone conplex Ulth nore than tvo or- three

R

Drsadvantaqes ﬁxth the lxcrosphere technlgne arxse vzth

‘a

'frthe need to 1nject or lnfnse the spheres 1nto the arterlal

'~7systel. ThlS often requlres surg1cal nanlpulaflon of the

A

3;an1la1 (Haies,‘1973b). The\need for nuc11de countxng

ﬁgﬂﬂof the :&lrosphere lethod. However, anlnal sacrlflce LS not

 to ohtaxn tzssnes for countlng, 1s al§o a usnai dlsadvantage

essentlal £or all»nicrosphere reseafch For exahple;’“'

."_..‘,," PR

half llfe, setul and alhulln lxcrospheres are utllized

(Buckberg etal..1969- Heynann etal. 1977).-

e
« - -

, COlprehen51ve re11ens and conparlson of radloactlve ES

"ed by sevetal

S~

”}equlpnent and the sa¢r1f1c1ng of"the experllental anlnals,f~1<?~:

'?effstudy of pullonary c1rculat10n rn hunans low energy, short e

'and Hales v 197u- Heyiann etal.*1977 Poster etal.~1978)..n nj?’;ﬁ
: U . \zo

The 1nvestzgatlon of capxllary blood flons Lnonunlnants |

ﬁg;e;, 197 h. Bngelhardt and Hales. 1977). Hpvever, of




‘ these, only Alexander and Hales have qbtalned -easurenents

of blood flov 1n cold exposed runinants.,llexander's studles*‘

were on very yonng lalhs vhlle Hale's uork 1nvolved

. COlpar1sons on adult sheep exposed to 'ar- and acute cold

'5‘ stress. ueasurenents of blood flov fron the studres of

Alexander and Hales are presented in. detail in the followlngﬂvhw

v chapters vhere dlrect conparlsons can be nade Ilth datav“

A obtalned durlng the present study.e-"




:,:vether sheep that had Been exposed to varl,'near

™~

a. cnutu 3 -nxsxsl or rnx s-runt S o

I L , VI

The purpose of the study uas to leasure varlons ,‘f

phy5101091ca1 paraneters, 1nclud1ng caplllary blood flou, ln

PE
el

V

thernoneutral condltlons, and to acnte and_/hrcnixr?ﬂﬁﬂf
condltlons., prereqne51te for any exPerllent of thls nature flf* o
1nc1udes the standardizlng of anllals, and the developlent

of a "plan of act;on" 1n uhich a preleditated chronologlcal

seqnence of events 1s prescrxbed and tollowed. The follovxng
. .

is a‘hrlef descrxptxon of the serxes of events undertaken._,}f:fff-fﬂ

':f ugeé,;.n.n .s.s.mg S

The exper1lenta1 sheep vere fron a gronp of s1x ::eﬁ f@if*d‘ﬁ;ﬁg

‘, . L l

were honsed 1n free stalls vith free access to a grourng

"_ratlon, vater, and an iodized HaCI hlock. The gronlng ratlon

f_‘sprayed appllcatlon of "Llndane" (Benzene hexachlorxde

'd__consxsted of approxlnately 50! rolled oats, and 50% efffﬁf}ﬁlcfd

brone-alfalfa pellets offered ad 11bitnn. Thelr treatnent e"?f;fue'
dnrlng\thxs perzod c0n51sted of shearxng (and every tuo |

ueeks thereafter), treatnent for external parasites by a

s _ .M_f
0 5!), record;ng of 1n1t1a1 body wexghts,‘and the surglcal

'i preparatlon of exter1orlzed carotid loops (Becker, 197&).

e



et{ijh1ahendazole/u5 kg body vexght as a drench)

Wf.transfetred agaln to free stalls as in the‘preparatlon
"prerlod. .

l’}jﬂinttoduced to a: brone-alfalfa pelleted ratlon_ad 11b1tnn and

. f\

'”anlnals uere again tetnrned to éhe 1nd1v1dnal letabolic

“ffcrates 1n controlled telperature roons (tenp 18.7 C d_;

i7fIn for 5 days) and vere tteated for intetnal PafaSIteS (29

”'ifalpha-tocophetol was also ngen. The surglcal sutures used e

"”Qe_for the carotld loops vere telO'ed and the anlnals then

g

p uete, over thls perzod of zaydays,izﬂﬁpy”%,a“tf

..‘

lf/naxntalned on this dzet for the duratlon of the expetlnent.ﬂ;.ﬁff

‘}Ufipne ueek ptxor to allocatzon"fB’&herlal treatlents the

.'_.A .

523

-{ 11 6 o




Due to the t1le and,equlpient log1st1¢s, 1t vas notj ,ivfﬁy"”

T DA S
igch;G,r“”ﬂpossible to condnct the blood flou leasurelents on all
RRERI R T . ; i

lffanllals at the sale tlne. The leasntelents descrlhed in thxsfs

5fsection -ere—consegnently done on sheep one at a tlle, or,:hj:

=ﬂ?on occaszon, 1n ;axrs.A

5

Durzng thls phase, each anllal 1n the three treatnent

h?;groups, CON, AC and CC, had been exposed to thelr

“respectlve thepual tteatlents foF the ptescrxbed perlod.;Theh'
‘jg;sequence of evepts, injection of llcrospheres and the‘jv““

\
;gleasurelent of associated physxologlcal'paraneters are.
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On the day prLor to the lxcrosphere 1nject10ns% each'

*fﬁfanllal was ptepated Hlth xnjectlon and sanplingfcatheters.eﬁ”_ .

7ﬁ§f!he cathetets vere lnserte&-approxilately 15—20 cn lnto the

1ght juguiaéfvein and left carotid a:tery, and thus.atlthzs

v e

Dnrlng the lOtnlng of the day of lxcrosphere Lnjectlons

~_;;the anzlals lere fnrther prepared uith electrocardlogran

‘eg/jj{(BKG) recordlng leads, respxration rate -easunelent

tcgfff ff’feqnip-ent,,znd the 1nject10n and sanpling cathete:s sere nww*fuiué

B

5»'ff1ushed v1th 10 ll of heparinlzed phys1ologlcal sallne.

ctlon perlod*fpnlrlaa) fxnalign

eff;gcatheter place-ents 1nto the left ventrlcle and‘right atrla
‘ “7were cartied out. Physxologlcal :easutelents (51) of blood
"iffpressute, heart rate,'and resplratory rate uere nade at thxs

,17u;i;w?;ﬁt1le and¥the.an11a1 uas haltered 1n a flxed 9051t10n tO 'ﬁ¢§?¥”1

‘ Fffe¢“'ftate a conszstent alxgnnent of the head, neck and

"QF;jé;; trunk.‘The anllal uas then 1eft nndlstnrbed fot 20-30 lln

befote the first llctosphere injectlon vas lade. ?ef*_ff:;ff_efed5

aqaln.iéasured% ﬁeg;é,

rﬁ;r’heiyeen_ .1ndlcate any



: Pollos;ng the injection of both radloactlveA%} . {f
f.ti.ﬂf:llctosphe:es, (POST INJ), flnal leasntelents (53) of heart ‘ .
.; “‘c‘te' blood pressnre, and re§p;rator; xateg wete”xakendas ;

[ ve1l as blcod and resp ratory gas salples for the _{5; f-g55~7*t

i deterl1nat1on of blood gas, henatocrit (Hct), henoglobxn 4

s -J-‘.,-n

‘T(Bby;_and;oxygen consunptxon. Body surface tenperatures uere T

iagain neasured at th;s tlle. , f:fg,‘i ;£f;'3; :gj f

o

Sacrif1c1ng the anll#l, txssue dzssection and nucllde
t'conntlng }ps then cartled out as.described 1n the -ethods
ﬂfsectlons of chaptets u 5 and append1x I.,Specxflc

 1nd1v1dual anllal resnlts v1th regards to ph151oloq}cal

o

’7pataneters and blood sa-pling voluies'wre 1nc1nded 1n1deta11f§ug. ey




": .Schaefer, B. A. !onng,_and B. v. Tﬁthér',;fﬁ”ﬁi*7"

Departaent of’Anllal Sglence, Unlversity of Alberta,

1”  Bd-onton, Alberta“

'ﬁif' Agst;act '43 “§L’ v;;,;,f_f “ﬁ1f;f; f<,   7f5ﬁQ,*'~

The effects of acute and ch:onxc cold exposure cn the,f”

~m_.‘.1-~‘ T eav . ,,..__.

lzcrosphetes contalnan Ce~141 and Sn-11h

S SR § v ;

ere . efgosed to

‘-‘,'

1a~u sc dry bnlh ,(dm', 11-r2 ac;:

easurenents,‘*”

 iffo75gjf weeks respectlvely pr;or to and dnrlng:v

Conflrlatlon of physxologxcal cold stress uas i




_/

and the gastr01ntestina1 tract..Chnonxc cold expesure caused ”E§€fi

(

an 1ncrease in blood flo- to the thyro1ds, nasal turb1nals,

and skeletal -uscles,_whlle a decrease vas neasuted to the“




ace e

Blood flou dzstrxbution is 1lportant 1n nntrlent

nfq;transportatlon and thetlal disttzhntlon and exchange 1n\“fﬂ7"1

‘7.lal-als (Klexber, 1975 Hales, 1976b).:During cold e;posure

“fffheat exchange nechanls-s 1nvolv1ng atterial-Venous heat

'j*gftransfer o: conntec current exchange ngchanlsns (lstrand and

' ’ iRodah1o.197°) and blood shuntlug by vasoactivzty

v :5ffof chronxc cold acclxlation is vell established 1n n'

”5fff(Iebstet, 197&). Ihete 1s hovever, little understanding ofv

"“inﬁthe 1nrolve-ert and 1nf1nence of citcnlatory lechani§,

T.ngblood flow dnring these netahdilc ch}hges, Suitable_;v

']functlonallx %ngqrxamtuxn'tteridreyniﬁizon (aéﬁsfer, T973

-,.‘. v

l

;ﬁnals

~ N




’"{fﬁcaplllary hlood flou and‘consegnently has tecelved

'“*‘;lncteasxng use &n studies on_donestic ruixnants by Several

ﬂf*teseatchets (llexander etal.

,-17972~- 1973- Hales, 19731:-»'

A"fﬁjxngelhardt and Hales, 1977)--Hovever, anly-a fei ex;frfgifo}"bﬁ' |

u?:kanvestlgatio
z"fﬁ:,sttess (Alexandet;
' fifdate, no " sthdies*ha;
va ?occnnr1ng as a result bf long tern ot chronlc acclxlatzan to

'V‘Qﬂefcold.urhe pnrpose cf the présent study vas to nse the

'h have been nade on anllals exposed to thprlal

o

1973- Hales, 1973a' 1976&, b) and to

”1nvestlgated blood flov changes ';;ﬁ;;,F;}

Anxnals ”Preparet;on and rteatlent

Tvelve ‘rossbred vether sheep, sxx -onths~of age and

.ﬁ““;fuelghing 35 torsd:kg uere used- lt the start ofzthe stndy,”“”‘“

:”fﬁand tecexyed ‘i

'Ggﬁalpha-tocopherél.vto egsure a telat;veiy constant fleece'uk

/ o

v

 31€311 sheep were treated foc internal and external paras1tesiil
xjectians of retxnol, cholecalc;ferol, and |

'"f;depth, the sheep vere shorn everg two veeks?to a fletfe;‘
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-41n cllldilc conttolled roo-s under constant llghtlng

§cond1t10ns, przor to and durxng the therlal tteatnents and

) '.'.

'?\f;‘blood flov neqsutelents-

"Q;e' A ratlon of 16509 (alr dry) of brone-alfalfa pelle£5)ffﬁ“ 

'.f'f';fn’(BIO'“S 1nerlus, nedlcago satata) vas offered ln:equal 8259

;detergent flber u9 99!, energy a 393 Kcal/g, crude proteln’

'vf%10.23$). Tbe ratlon was ground through‘a 5ll screen before

— .".“4’

';.?ﬁyfour anlpals each. The tenperatnre tteatnents aerevas

!,.._<
LN

.%:fifollovs' (1) Ccntrol anlnals (CON) aere c°nd1t1°ned ifor 10

. ';to 12 ueexs to 18 7 (range 13 3 to 22 2) c d:y'bulb _’_;*’*”:"

L &"b for 51x veeks follo'ed by 12 hr exPosnre to 3 Jrang,km,?fﬁﬁ3
L "-" ' . “"% " Co . LTl . i
.?, to u.ﬂ) C db and (rangev-1 6 to 2 2) c wb- (3)MThe Chronlc

veeks at 3 3

f*fcold anxlals (CC) uere exposed for 10 to 127

(tange 1 6 to u u) C db and O (tange *1 6 to 2 2) C Ub-

P

Catheterlzatlon



137195, 1973h) ﬁas accolpllshed by 1nsett1ng a catheter

A
~ Y ~ ‘

{=artery as used hy Hales (1973h) for the artu

b

f 1a1 organ._f

fanla elzttlng Ce—ﬂn1 and Sn-413 radlogetlv

- ,»\,<




"}"}Canberra alpllflerl1u17a, (Canherra Ind. Inc., nerlden._‘

“”kg body ve1ght.gLater statlstzcal analysxs delonstrated ,no..
N\ .

s1gn1f1cant dlfference betueen tlssue distrlbutlon of

radlonucllde type. Each 1nject1on of nlcrospheres had

"approxlnately 0 22 nc1 of actlvxty and uere contalned 1n 10 :

“4nl of 10! dextran Hlth a- trace of Tween 80 suspendlng agent.'ff

Plastlc syrlngei (20-1) were used to lnject the spheres
‘-over tlned 1ntervals of 60 to 90 seconds- W1thdrava1 of

nr_b%pod for CO and AVA estlnates uere also lnto plastlc

\l <

E } syrmges (50cc) and taken over t‘ed 1ntervals of 120 to 150

‘“seconds startlng sxlultaneously Ulth the start of

':,p-nlcrosphere 1nject10ns. A Harvard constant

ixnfn51on/v1thdraual pulp (Harvard Apparatus, 150 Dover Rd.
Hxlls, H. A. ) uas used and calculat1ons of co- and AVA vas
ﬁ77;5accord1ng to the nethods of Hales (1973b).;‘pj;,

Tlssue Countlng

Hrthln 20 hr of rn]ectlon of the llcrospheres the:

A

' anxnals uere ternlnated by an overdose of. SOdlUl

v

'*5pentaharh1ta1 I. V.. Selected prgans and tlssue sanples vere

dessected out, velghed and stored at —10 to -20 C before S
ﬂ;:eﬁcountlng for rgdloactlvlty._ .

e The galna connting systen used 1n th1s study con51sted

Q'Tﬁ:yof tvo 7 5 by 7 5 cn BaI crystals uith an Ortec #u56 hlgh

:Ffvoltage supply (Ortec Inc. Oak Rldge Tennessee,;u. S- A. ),

‘fgffConnectxcnt. g. s. l. ) and a. Canberra scaler c1u37. Theaf':

“VY}ﬁif.conntrng systel uas callbrated u51ng a knovn act1v1ty of °

N 4

P

fjﬁ’ Ce—141 and Sn—113 nucllde source.ﬁAll blood sanple and 5d-/j{:5fif
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f_res1due in, the inj' tion eafheters:aﬁd syringes.
other ueasurel nts

Heart rates uer leasured uszng a Sanbotn physxologxcal

'.ajretorder lodel 771“—0 A..The lead systel was p051t10ned onA“

"3resp1ratory qas analyser (Be.knan Instrunents) ln___-_f'; B

‘ conjunctlon llth an open a1r,.urrent systel utxl;zlng a
Mresplratory hood, as describeg\by Yonng etal. (197&). NF,V7
"“VﬂResplratory rates uere leasures\using la thorax pneunograp& -

‘ eand recording talbour.;-ef,“ﬁ’_@XVifffV

Skln Telperatute 'Vf'f-ff_i?;}f1"¥;fﬁ{ F§73“‘

Skln surface telpetatnres reported as trnnk (avetage pf Sl

vfaback, flank and l1d51de) and extrenltles (average of ears"” ”'f”;

"eand 1ouer front leg), for the chronic cold and control

'

_f anxlals rere -easuted durlng flve coasecuthe days

'-rilledlately prxdr to the llcrosphere injections.qrhese
:‘j easnrelents uere nade uslng a therlocouple systel (nodel ";

- ffBlI«B, Balley Instrunents Inc., Saddle Brook, U. S._A.»).~f“’”"

L Statlstical Analyszs }ag'LLJ fg;x {f;j }‘f_;e;Q“5”¢‘ﬁ'

R
o

Slgnlflcant d1fferences hetueen leans for treatnent L
- R ICORTI: ‘j;'f‘f
_ﬁ}qronps uere tested hy analysxs of varlance and ﬁa' . :

'“;Student—lerlan-xeuls lultlple range test (steel and Torrle,;



!é-a:}'
L,

‘J{» 321 and 21! for the AC and CC anlhals respectxvely (Table

(ﬂ

| lé:ch?d,-ing' o/

5f{>31 Both acute and chronac‘cold exposnte of the sheep

P o 's ‘- o‘.,-m,g».‘. . A > & - .'g."-..

196074'iheré dzsptbpcrtnonate snbclass ﬂuivéﬂg’ocdntred 1n a

treat-ent conparlson,_the analyszs of vatlance vas conducted

a least squates.nnequal nnlbers an%}YSIS. t,;.

gsglts AR o »
e

”'t tesnlted in an 1ncrease 1n the rate of oxygen consulptlon of

1)._A s1gn1ficant dectease (P<0 05) in respiratlon rate vas

Lt

: also leasured 1n the AC and CC anilals.ﬁﬂeart rates Here not__f:;"

s

' signlficantly dlfferent betveen the Couvand AC sheep,‘f?n7f<”5“1*77

. houeVer,'a s1gn1t1cant 1ncrease 1n heart rate of 175 vas

‘bsenved=1n the CC treatlent gtonp.ﬂA 15! and 10! 1ncrease ”vﬂfﬂff

1» éa:dlac output uas leasured 1n the AC and CC sheep

t SQ e . ‘°“ ""—»,_."

respectlvely, altuongh theSe 1ncreases vere not

R
X3

stastisticaly different fro- the controlxanllals at the 0.05

. < ,;_L
probabilxty 1eve1. Increases;zn"helatocrzt of 22$ and 2% for.;{ﬁya

the AC and qg gronps tespectzvely also occnrted Hlth the ;{51]_\y

.
.' .
~ 3 o

greatet at.the 0.10~ptobabillt! 16'91-13°d7 s“tfégeéjrxff5\xsg~Q;%

teaperatnres for th§ trnnk and extrelltxes vere \\

3 V .




¥ ‘f; ‘ jrmabLe.1:;:Cardioreépiraéorx°iunctions. skip tempe:Ature qnd bodyﬂfﬂ
EE T S o welght of sheep. ‘exposed 'to near: thermoneutral (CON).A”
acute cold (AC) and chronxc e/}d (CC) temperatures

R STl AT A

R E'Body we:.ght (Rg)

'"‘*ﬂHeart rate/min

P 4

_ cardiac Output
“Jtllters/min.)aﬂf

."fOxygen consumptxon
Al(ml/mxn ):

":»,) -

Lﬁffﬂematocrxt_t.‘

feMean Body Surface Temperatures (C)‘

"TATrunk T

A “ ~ ¥ - Y L N st

. NfrfEXtFﬁmltiéS!.

34, 6 31 2P

S 20 Sb

”,Values are based on means from fout sh ep per treatment
group except for' the: cardiac -output wva ues, which-are from

. two, four, and. two sheep fox: the CON -AC, and cc: treatments

"respectlvely. Each ‘sheep mean’ was derlved from one: to three
'~observat1ons per anlmal.;,-q,.. o

1 .

"t

*Ti;'f}'.b'~ Means w1th dlfferent superscrlpts wlthln rows are'in
S tat1st1ca11y d;fferent at P(p 05 and superscrzpt3°%ivﬂ}




v*% ?or the 1njectlon of%:

’zﬁfaﬁqé;fq 'Oﬁ catheter tuhlnq vas xnserted 11a the carot1d arteZY ﬂlﬁ.*'iu:
lﬂ'Tf,ﬁa POSLtlon the t1p of the cathete;-ingthe leﬁt4ventric1e. : ?J

' rurthernore a conszstent otlentatlon of the head, neck and

a fxxed p031t10n durlng catheter'1ns_ptzon and lrcrosphere

N ,~: .

F;ﬁﬁf 1njectlons. Catheter posltlons uere verxfxed during the gt?‘fté

IR

5,

x;}frf subseqnent d;ssectlon of the anznal and by exanxnatlon of

‘ the relatlve llcrosphere radloactive connts 1n selected
' ./.

reglons of the*body. By co-parlng radloactive counts 1n the ‘

._l

; heart luscle, hraln, kldney and gastrozntestlnal tract for

"'”Q exa-ple, zero or ahnor-ally lov connts 1n the beart and
: braxn tas clearly indlcatlve of an lncorrect p051t10n1ng of 1f\
the Jnjectxon catheter at the tlne of uicrosphere

'f}fl?;fh]w 1nject10ns._1n elght of the 24 lnjectlons, lou nunbers of

lfﬁ‘ff;.counts vere’ found in heart lnscle and the;braxn. On these

'ii occ351ons the catheter las fonnd, upon post lortel ”fﬁhjf;ff

rexallnatzon, to be posltioned 1n the descending aorta. Thewrﬁiﬁf}

'~ﬁ1ﬁf¥ relatlve dlstribntlon of uicrospheres to all otgans ahd

~f;;*&};_ tlssues supplled vxa the descendlng aorta were nevertheless

\ fbnnd to be consxstent‘@ulth data obtai&i fro- sheep iu.th 4’-.:-»?
R left ventrzcle placed'Cathetérs. Bowever,/no blood flou or
v distrlbution va;ues conld be ohtalned for tissues fron the

anterz.or or foreguarter areas of these amnals- o o

A..‘ Blood Plov ;ad Blood Flov Dlstr1butzon S R
'*té;f; ' Tahle 2 111nstrates cardlac output d13tr1hu¢1oh to

h:;hvhole organs along the three ther-al treatlent groups.;_fﬂﬁ?*;



f%fico-parlson of blood flow (nl/lOOg txssue/lln) anong the ”'ffj;fﬁgg:{f

"‘ww;three thergal treatlent groups used 1n the present study as

':f‘;presented in Iable 3.5An lndex of preferentldl blOOd fIOU

. [T 'I

}Afkuell as valnes reported hr Othet researchers for acuté cold i lsﬁ?fifi

T SR

A

?f@fdd;strlQntzon and treatlent differences 1s presented 1n Table

e :
e A

.'th“. and 15 referred to as 'relatxve blood flow" Relatlve B 73“

'f”ﬁiblood flov 1s a conparisoﬂ of blood flow to a.tzssue 1nvd #-*"“'x-'-*

- e

.Vﬁffrelatxon to the overqll body average blood frow to an equal

/

:“ﬂlgﬂueight of tlssue (cardiac output/body ve1ght). Hence, a

l

"'3”t1ssue rece1v1ng an averaqe a-onnt of bldbd vouLd have the

"7ﬂvalue 1 00, uhereas a tissue vzth preferential or greater

L '.'-1 oo.

"ETs*cold exposed sheep hy observed decreased respxratxon rates'ldfrf

’ﬁfithan average blood flow vould have a value greater than

T

LR

B R L e S AR , ‘-:R
311deuce of physxologlcal cold stress ias seen 1n the

:fand surface telperatures and a 20-30$ 1ncrease 1n oxygen '

“ .

s*consnlptxon.‘l 225 1ncrease in henatocrlt and a 171 1ncrease

'frespectxvely.;lflfl'

: 73{1n heart rate vere also leasured in the lC and CC sheeP

. " \. ’

Tahle 3 sullar1zes blood flov estilates to selected

Vsifdorgans and t1ssues 1n control (therlonentral) and cold

v ey i

’ffexposed sheep. Both previously pnbllshed results found xn

i'dfithe 11terature as uell as resnlts for the present study are

.“\

,.(" St

shonn. In the control analals~nsed in the prasent stndy

W \,,v, -




“'ﬁﬁlturblnals. Ihese

o specifxc anatOIlcal 31tes fron 'hzch the sp1nal cord,

xf;apparent dlscrepancles;erh?H;u

vﬁi:lover blood flow v_lues'are seen spe61f10311Y o the 591“‘1

“f'cord, thyr01ds, s leen, skeletal luscle, skxn and nasal

N

l“fln salpllng c1tes used 1n the var1ous studxes. For exanple,;5

------

. -‘,
b ‘.wv‘

‘lflnscle, and sk1n salples vere taken 1n the varzous studles

"

ffx'ls not alvays reported.,Also the coefflclent of varlat1on

'_,»,‘\‘

'3jreported 1n the lzteratnre values range frau 5! to 30$ 1n »fi/“

| :rllftheSe tlssues and -ay 1n 1tself he accountable for the';.7"'b

iy : L 4
The thyr01ds of all the an1lals 1n the present

\

l:experllent de-onctrated a luch rednced blood flou conpared
'ljto puhllshed values. Th1s perhaps relates to the nethod of
'u%‘nzcrosphere 1nject10n. A connon procedure 1n nlcrosphere«ff f_ﬁ,f:

‘gexperlnents of th;s nature 1s to place the 1nject1on

\:T“{fifcatheter 1n the left ventrlcle vxa dxrect snrglcal

'-f3would he‘

- Tgthe 1nflallation of the ventr@l neck area of the anllals,,

'H‘fcathetermzatxon of the carotld artery, within 2u hr of
l*fnlcr sphere 1nject1on. Conseq?gntly, at least a nxnllal

“5_mgﬂ§§F:e of 1nf1allat10n at the site oﬁ surgxcal 1nc151on f

'?pected. Hence, as Ls dlscnssed by s.1th and

';_l‘ﬂanilln (1977), an excessxve ncrease 1n blood flou due to'“:"~

/

;rfilncluding the thyrozd arterles, vonld llkely resnlt. An i[li;er
.,“lncrease 1n thxr01d hlood flou uonld conseguently occur.;_ .
ei;;rhls hypothe51s llght fnrther he supported by the observed l.' .

‘efhlgher spleen ?lood flov in. the liFerature values. possibly ;;fﬁflr

[' 1nd1cat1ng an zncrease 1n blood phagocytosxs occnrrxng 1n

o S -‘ - P e E

'i»fferences 'ay be 0'159 tO the d1fferencesf; S
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th%s organ. In the,present experlnent. use of the preslouslyl
;estahlished carotzd loops nay have reduced the Lnflannatory
";deffect thereby reflected in the thyroid and spleen blood
N?ifﬂfflou neasurenents.\ﬂonever, the coefflé;ent of varlatlon ln
‘V'T:the litetature‘ualnes for thyroxd and spleen lS between
5__10~25$ and conld agaln p0551bly account ﬁor large'hd:"f—‘Au.h”&
5?dd1fferences reported in the dlfferent studieS-.f.tJf‘t
iffﬁ{i{fiy Ulth regardrto the ngsal turblnals, in\the present

ﬁfexperlnent thls txssue salple uas 1nclu31ve of the boue and

N

h:fupper jau of the anllal, and consequently nay account for'};;'tffv»'f'

-

1m;fthe conparably loner flov valnes neasnred 1n thlS txssue.;,,fftﬁ

dLOther authors d1d not 1nd1cate the preportlon of bone or
"“ﬂg;fepithelrun tlssué present 1n their salples.‘“"”=fﬁ o

The lxver hlood flov estinates deserve a speclal/

. e
T S

KT

'??Jconnent. llthough the llcrosphere technigne ulll glw/ an o
‘*;'&f”estllate of artetlal blood flou to this organ, this nay not
._.;be a neasurenent of total‘yepatlc hloe“>flg!: hny

vf_nlcrospheres shunted via lesenterlc AVA's can, and l1kely

f‘do, lodge in the llver. Conseqnently, unless the portal/€ELn\~}t

;{dls catheterized and a representative salple of blood Ls

"Q_,u1thdra:n as’ per the calcnlatxon of nvx's in the rr%ht atrlaj :

""1\*" A

°*(Hales\1973h 197n) the/nnnher of nicrospheres contr1buted fon

4 7?-to the lver v1a lesenterlc AVA's 1s unknoin. 1his lay blas

i : R T R I R N
fffllver arterial flou neasurelents. _f‘-: _f_;.hg',-njLj}/f;ﬂa;j;gﬁs&

ln addational poxnt to he noted 1s that uith the f;Vt" »

"'égfcontrol anilals in the present stndy (con), techn;cal

"A;;fhdlfficnlties uith the blood uithdraual systen resulted 1n e

"I L Yo



:df'(COH) sheep hlood flou valnes 1n Table a.

o fffsheep. An increase 1n luscnlar blood flov has also been

.. \

A B T~.Qj«.“§

7“;lcardlac ontput estlnates 1n only tvo of the control anlnals.i‘“

=fgConseqnently. #are lust be taken 1n 1nterperat1ng control\fjffbf

Blood Plov Redystrxbutlon

L Skeletai unscle ffffiffcffﬁ5“ff‘ﬁ

One aspect of cold i*dnced redlstribntlon of blood flou
A;j observed 1n the present study ias an increased flow to tbe

f'steletal nuscles of tbe acute and chronic cold exposed

"dfjobserved by ﬂales (1976a) 1n acute cold exposed sheep and 1t

5fyis snggested by Hales to be due to the energy denand of

© N

dd*shlverlng luscie. Of Partlcular 1nterest ls that the :.”"%' ;

kcontlnned or naintazned increase 1n nntrlent blood flou to

‘““f;f_regard to tbe CC an1lals, nay reflect the 1nvolvelent of

<

. ;jthe skeletal nnscle, observed in the present erperlnent u1tb

9mthis tlssue in nonsh1Vering thernogenesis. Skeletal nnscle :Q

\ )

“bhas been reported to contrlbute to nonshzvering };;'f+jﬂ5.;¥;*ﬂd"‘"

A et

Qp;adnlt, cbronic cold exposed sheep.g'lglf.w

oy
Internal Organs and Glands

In xbe present experxnent 1ncréased blood flow to tbe

:ftbyro1ds and adrenals uas the nain blood flov alteratlon

Y

f'ffseen in the 1nternal organs and qlands cansed by the cold id' l

V'ﬁfiexposure. The 1ncrease in blood flov to-tlssnes such as

o -

f,exposed aninals suggests an 1ncrease 1n letabollc actlvity | '; v

T o

' 5f]1976 Poster etal.:1918) and nay be of signlflcance tol;gff

”7l'thyr01ds andﬂadrenals as uell as skeletal nuscle 1n the'cold

‘;rﬂéi;pﬂ

'"7f;therlogenesxs in other specxes (Hebster, 1975b \Jansky,,a?fﬁnfn

\



‘zhijQLn these tlssues. Although phys1ologica1 conttoh lechanmsns fff” w'
o "5“51nvolved in thet.otequlatlon and/netabolxsl v111 not be

‘H;“dxscnssed 1n detall 1n this repott. these tissues have been

' Zfﬂ"(Alexander etal‘ 1972;'Hestra and Christopherson, 1976*' i
Kennedr etal. 1977 Sat.l.noff, 1918 ' Depocas and Behrans. L

ff“;71978)- The 1ncreased thihOllc activity signxfled hy

”*fffxncreased capxllaty or nnttient hlood flon seen in the=7};' RS
‘;b:sgﬁapresent stnd]. would‘.npport these snggestions. Thls ,“

‘"?ﬂoccntrence Ionld beqlogical c0351det1ng that anreases'1ngf;5fiefafxg]

R R

“eﬁllplxcated il therloregnlation by several teseatchers.L]:':

'"-[;Aﬁcitculatzng qatecholatlne Jndgihyroid‘h:rlone levels have ff;i‘n

'”'f13been reported 1n cold exposed sheep (Iestra and

ff,Lﬁchrxstopherson. 1976~'tho-pson etal. 1977-'Chr1stepherson gif”fi-"‘

“”“fflncteased blood flov to the adipose areas oUserved bxa:f'f“r

: fjetal., 1978) uhich wonld likely 1nvolve an )ncreasv_f“xf

" -etabollc actul J.n these ti.ssnes.

Adlpose, 5k1n and Bone tissue

; i’f. Ihe apparent lobillzation ff:fft sources s;gn1f1ed b’




e

”‘ﬂ;;ﬁdexposed. In prevrous studies. Alexander etal.,(1973) Exposedﬁeﬁ“

;ffi;}%,jrg;lalhs to -10C cnlpared to 3C db OC ub 1£ the present stndy._fff

.j-‘J-'}__‘:Conseqnently J.t is feafsxhl_e that a 'hunt:.ng'@response ﬂas

'dtlflnitrated dn the lanbs Alexander stndied. Hovevet}/S“Ch a ».ﬁel"

e response lay not have occurred at 3C dh OC vh 1n the

T resent stu nence one n1 ht expect that Alexander's.'anbsff5ﬁ
R 2 9 A

e

.thquere neasured at a vasoconstr ctlve phase of skin blofd flovv;fﬂi

‘fa?;eluhxch nay haVe cansed a reduced blood flow leasurenent

TN
,“

;fi;con red to hxs control or 'arn anilals. Also, 1n the

55f};pr’sent study, both cntaneous and,subcntaneons Skln 1ayers

:.f;{fere leasnred together_ Conseqnentiy,_lf there vas awlif'

' ‘VTijidrednctlon 1n capillary blood flov to thevcutaneons layer,_"JJ

'”1fsk1n is the'largest orqan of the body. Consegnentleeven a '

?ffsnall change 1n blood flou to the skin nonld resnlt»in a
“'7e;_dﬁsignxficant effect dﬁ bloOd flou redistriﬂntxon. Thls rs

”'lﬂcleatly stated by Gnyton (1969) uhere he reports that the

”{Vigirate of blood flou to the skln plexus 1“;53‘5“5 can he
. o Py

;'f';*altered as lnch a.s 100 fo1a' ‘.hris uould represeﬂt a




difference of hetveen 20—50 nl/n;nute to the entlre skxn

;'wf;surface._np to 2-3 litets/nlunte, depending on the degree of ?gﬂfﬁf

'-;,Jfﬁivasoconstrict1on aud vasodzlation. f;;fff”ﬁ¥f7

In the present expetilent, the varying skin )

”ffteaperatures in theDCC anilals (rahle 1) uould be 1ndlcatxve =

21ncreased 1&.these gronps. Consequently, one can argue that' f§_5£f7f5

"‘%Lffalthongh the respiratxon rate in these aallals 1s reduced ;nif{i' e
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_theftelatlve:blood flou values reflect the lost

. L<

N

abo ca11y3§ct17e txssues, to be totally couprehensive of

&b _cold treatlent effects, the total tissue or organ

W ights\nust alsd be consxdered..ror exdlple, although the

%

lnes the fact that Qhey conpr1se

'°. . ’ -,_:‘,. o :’_ ~ ‘ >.r. 42 »,

iarxous tlsshes as a- result of the cold treataents. §1though' '

approx1nate1y

H
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'»g Edlonton, Albq;ta.=;_g!;_‘,*jvu o .;,Ef SRT B R T R |

; th;;act

¢

F;teaperature chanbers to e1ther (1)Control tenperatune, 13@;*}

": 7ﬂ cold, condltlonlng to 18C for six veeks folloued hy exposute

respectlvely 26.1!, 20 5! and 19 RS of cardlac ontpnt uas

 ﬁﬂ¢atdiac ontpnt :eaching the reticuIO*rulen, onasun,
“ o \ ) ;
fiilaho-asnl, snall 1ntest1ne, and latge 1ntest1ne (caecun plus
' .,5¢01on) were respectlvely 6 5 1:‘

: lQ“contro1 group ;, ; 1 2, 3 6. 7. 

3

_coLp xxpﬂsnn snxnp ;ﬁg ';}w'f  5);:;'\f:ii=\?.7fi;{%f,:*,fﬂhfw

o ,,uu\=‘f“ v x'.Q '§-?  J'7v-i ﬁ  ‘  i ..t;f2'fﬁ“ ;
L. Schaefet and B. A. *oung '-_“'_;.‘ 4 AT

Departlent of Anlnal Scxence,hﬂnxverszty of Albeﬁta,;ij 4'”'”'T

The 1nf1nence of acnte and chronic cold on the ﬁY \fj L j?; u;”f
dlstrlbutzons of card1ac output to the gastrozntestlnal i o
BRI RENRIEE PE

tract vére leasured in 511--onth old sheep (35-50 kg) uSLng R

radloactxve iicrospheres éontalnlng Ce—1n1 and Sn-i13.44535'"3*35”

_ R .
Groups of four,Sheep vere exposed 1n controlledﬁﬁﬂ A A

dry hnlb (db), 11c qet bnlh (ub) for 10-12~weexs : (Z)Acute

In the control, acute cold and\chronlc cold treat-ents ffij;

""f d1stributed to the gastroxntestlnal tract.‘The petcent of jf" ,‘ :

4 3 9 3, and 5 0 for the

; and u.6 fo: the acute :ﬁf



]Jﬁejchronic cold exposed group..f o

dﬁjﬂblood flov (n1/100g t&ssne/nln) to the total

'V”ffthat the col

"Hffcoid'enposed~gtonﬁ and §.2 3 1, 6 7 and n 3 for the e

(a .. : )

Estlnates of catdiac ontpnt vere respectlvely 5 5 Gvs;e__g;ef

“.fand 6 1 liters per l;nute for the control, acute cold and

,10 i

hronxc cold exposed sheep. Conseguently, con51der1ng the f7;-b

ﬁdlffetences 1n catdlac ontpnt, the averaqe total alount of

v .
RIS

.H’fgastrOLntestlnal tract vas not 51qnif1cant1y d;fferent anong

f%_fthe three gronps. Bouever. thete vas a s;gnlflcant decrease

,:ln hlood flou to the reticnlo~rulen o£ tbe acnte cold and

,_?chronic cold exposed sheep (34 0 and 37 8 11/1009/11n forﬂ%;

v'fythe acnte and chtonxc cold sheep versns 56 m\n1/100g/n1n fo:,fj;i¢}

’3the conttol sheep). Convetsely an LnCtease uas observed 1n T

{:(136. 11/1009/n1n versus 88 1 ll/1009/lin for the control
i;£Sheep).n.J.;" IR o o

3 N

. o .
Y .
A \

:{”-canse\several physxologlcal chané%s.,lnong those changes,'.'

'?‘the alteration of nutr;ent letabolisn and nt1112atlon ot

\ A

'"5fdfeed or, digestive fnnctqonal changes have been snggeSted t° }f}ff

'-;Zi;fbe of partxcnlar signxf;cance to livestock productlon

AR

fg(!onng. 1975);,Vestta end Chzistopherson (1976) suggested

‘”fdne a'zleest 1anart, to a neasured increase 1n the rate of

'1'Cold stress in donestic rnninants has been seen to L

-

:@f?iffhlood flov to the abonasnn of the acnte cold exposed sheep, a.t""

. '.-"0 .

' nduced Changes in ration digest;bllity nay be ':ﬁ

/fffff?-

,:75¥passage of digesta and 1ncreesed reticnlo—rnnen notxl;ty;b”



’]L sheep. A rednctlon 1n retent1on tlne of dlgestaﬁlu the GIT &f}f

'ﬁd;lovenent Of nutrxents across epmth91ial 11n1ngf

“f;f51tes of the GII has heen shown to be parall

) - *
11?77) and Kennedz and Hilllgan (1978r‘

'KQ(Renkin, 1968' Dobsoa etal.,1976). There

”_attenpts to stndy the circulation dyna

‘ﬂConner

?_ngsta and- notillty has |

_}Reuneﬁy etal..(197ijr1-i1“2:

cold exposed

Lo

could consegnently reduce or change the nntrlent absorptxon o

’ _tlne at spec1f1c gastrozntestxnal sxtes, v;th the resultlng e

STy

3ﬂreduct10n 1n feed d1gest1bllity._ fffhfiif“dzf”k*f ji,f¥?fi”'

Ihe ahsorptxon qf nntrlents fron the d1gesta‘or the

H‘to,;or

fﬂ7 1argely dependent upon blood flou to the a:sorptlon 51tes

ave been several y"“

bcs of netabolltes

Vg;absorbed fron the GIT 1n rnnznants (Cdnrad etal..1958-

E :':i? \

ind, rnes. 1960-' nenlun, 195&-' Katz and Bergnan,

;.a «4969- Anderson etal. 1969 Leviu, 1969- Iebster, 1975'

Dobson,‘1976&, 1976b° drise, 1977).‘Bovever, the

_.,-

.:*jfleasnrengnt technigues elployed hy researchers, such as 7'

':fﬁtherlal.or dye dllntxon, radioactive~and non-rad1oact1ve ;

';‘restrlctlve and thus lxnzted progress.:d

.&.;dlstrlbnt1on of blood flOI to the GI! in sheep. The i*fff'fT

71_.a:kers, and flou leters for exalplec have heen technxcally

Only nore rec tlg, the use- of rad1oact11e nxcrOSPheresf*t

f“'(ﬁales etal.-1976 and Engelhardt and nales, 1977) has 5ff,_'55e

o ff enabled a lore conplete neasnrenent 3f cap;llary hlood flou,ﬂh\

‘The' present'stndy uas undertaken to investlgate the BRI N

‘;j"effects of acute and chronic cold cond;tloning on the

at var1ous ﬂ;ij



.'“‘,[ffuedlcago sativa) offered in 825g servings at 0800h and 1700h

| ";;necxer (197n).‘,‘fjlf_[}y”jj'j;Qf'“jﬂd'f;{f"v'&fv}ﬁ‘*er

R S

_' . '., ; J ’,-‘.

* lnfluence dﬁ blood flou on dlgestlve fnnctlonar‘changes 1n

'cold exposed dOIeStlc rn-inants is dlscussed..f

Anlnals, Pregaratlon and rreatlent '_.f ?r~ E

J

A detalled descrlptlon of~the nethodology ln the’:pf  .
;iqpresent experllent has been pre71onsly descrlbed (chapter.
‘tﬂ“)' Tvelve crosshreed wethers, s;xflonths of age and

:“':?weiohing 35-50kg vere nsed. lt the start of the study the

‘t~7sheep vere treated for lnternal an@'external para31tes and

;lalpha—tocopherol. All ani-als vere shorn at tvo ueek"“'ﬁm

¥,;.‘

Ssgxntertals to a. constant fleece depth of about 1 cm. The

‘5'\jfsheep uere housed 1n 1ndiv1dua1 letabolic crates Ln

S R ~.v; -..1,, ey,

"Tﬂclinatically controlled rooas under constant light1ng.

"?ffCarotld skin loops were establlshed on the’left'carotld

"”ia:tery of each sheep’ follovzng the ptoceduresiﬁescrlbed b’

T R U S LD O

Dlet

A near laintenance diet uas provxded, consxstlng of

"diglﬁsog (air dry) of bro-e alfalfa pellets (Bronus 1nerlus,

'::iproteln-lﬂ.ZJS).,rhe ration nas ground through a 5-- screen

'Yhefore pelleting to 3 ll diaueter.,rree access to vater and

"t?-?nxodized block salt uas also provided.a-'~'fl"hfvj

.

H'f;rec1e%ed 1n3ectxcns of fézinol, cholecalciferﬁa and lelﬁffl,\~”

Vﬁ)daxly._(n n.=91. 65!,'1.0 r.ans 99:, energy-4 u93 kcal/g,_fflﬂf.5’7“
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Therlal Tteatlents‘afi;f'fﬁf- ‘th s?f fivjﬁﬁg.gj__ e.;'

The sheep vere randonly asszgned tOAtﬁgee treatuent

.1 .‘_
] KR

@%groups ,;the tteatlents helng._ ,g«ﬁﬁij

Control (CON) 10:12 veeks exposure to 18 7 (range'f-'ﬁ )
5ff1}7:* 13 3-22 Z)C db’ 11 6 (range 10. 5:36 1)c wb '7;'¥ijfgtsﬂ o
L ' acute Cold (AC) Cond;txonxng to 18C db, 11C ub for six | .
;eeueeks, folloued by 12h exposute to 3 (range 1 6-4 u)/,db o
T£Ts(fan9e}—1 6—2 .2)C wb fi;J ‘*‘*”?xfwEﬁi'f’e~j'im;”':“5'*

.:::chronlc Cold (CC)10-12 veeks exposu;e'to 3_3 (range .$f s_
‘?Ifftg;,;1 64 ic a, 0 {range -1. 6—2 2)C . ;5ﬂf°f e
i Catheter;zatlon,;g,‘ ‘i if’s S B | A

E Catheter placelent 1nto the left ventrxcle and rxght
ffatrla as descrlbed by Bales (1973h) and chaptet 6 of thls
.';etext, uas conpleted usqu surglcal Tygon Hicrotnblng :

s.”PO 04-0. 07ll I D. (Rorton Flastics, Akron, Ghlo, 5..Agﬁy;f5fn

‘;}utlllzlng the. previonsly prepared carotld sk*n 1°Ops.z_fi;*”51“

,a*icathtmet placenent vas acco-pllshed vxth thewald of a
‘Q pressnre transdncer and vet;fxed upon knatonlcal d1ssect10n

and t;ssue tadlonucllde conntlng. ;fiyfff[fff'f’u"'

uxcrdsphere Injectxons ST e ;.;;5~ﬁ
meter) containing the -

Rad;oactlve llcrospheres (15fl di"

.nuclides Ce+141 and Sl-113 1n doses Of’apptoiiialéifﬂb'zj.éi ;:

L ff“vete‘nsed in the ex.eri-ent. Ihe nxcrov'heres vere contalned

ﬁr;n 10 IJ of 101 ﬂeltran vitf-a'ttace of Iweeu 80 suspendxng

"?*;agent.;Plastic syrlnges (2011) 'ere us ‘ to 1nject the

»“f:’sphetes ovet tlled intervals of 60 to 90;seconds. thhdravl '

A““ﬁ‘ of hlood salp;gs for the calculatiou of c  diac outputi(CG)’




eihand arterial venous anastonosis (AVA) neasvrenents were also
'-.into plastlc syrxnged (50cc) and taken over tlled LnterVals'}"
T:of 120 to 180 seconds. Ulthdraval of salp es at a rate of

.]Q1njéct10n of the licrospheres,¢:i:¢__;xlv

‘1;fanxnals\vere subsognently ter-inated usxng an overdose of

‘”?;ﬂfﬂcrystals. uxth an'Oztec :uss hlgh '°1tage S“Pply' Canberra

‘ f¢dissect1on.Q ;v}e];-%;»:-“v

?15-' nl/linmte vere started silultaneously ilth the

,’
O :

Q§1Ssne Conntxng

' Polloving the lnjection of the txcrospheres, the%

f;sodiul—pentaharbital I.;V.. All organs or tlssues wereﬂfa*f”'*"'“

LR et R
'Hﬁﬁﬁvolule nutlide countets utzlizzng 7 5 ll hg 7.5 nn Na13qﬁerfgb;¢y.

'*f}atpllfler 81h178 and Canherra scalet t1u37.‘fhe vet uelghtssigfﬁ759

A

'~1; 05 organs ot tlssues uere ohtained at the tlne of

: ,-/’-v o

. .

ngest;bzllty

-

“fﬁlnjectl ns,




Statlsticai lnalysis'

:'.*l v

ngnxficant dlfferences betveen -eans for tteatlent

”“gﬁfgronps were evaluated bx ana1151s of variance and ;57f ?4;f?$f>

LA ﬂ‘,‘v_'_‘..!esg;ts S e

°5 Student—leulan-Keu1es lnltlplé tangg test (Steel and Torrle,_;?i

29 T :."-

>

Ca dlotespxtatory and ueta lic Rate
2p s /

‘-f'l-f_»'-;',__Detailed infornat).on ~teg7td‘ g-.',cardiorespiratory and

'*fffnetabollc valnes for the three tféatnent groups ls g;ven 1n #5“*“

;;fTahle 5. Pri-arily, both acnte and*chronic cold exposure

“{?cansed,a 20w30$ xncrease 1n~oxvae 'nsnlptlon, or netéﬁbllc

b
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HI&bie 5;l Body wexght,‘lntake, dlgest}b 11ty,‘cardloresp1ratc:y, ],]

.and. metabolic measurements in sheep exposed . to near:
thcmoneutral {CON) , acute cold (AC) and chronlc cold
-(CC% temperafb:es~ R .

T
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*1,1ﬁtake (9/39{) . coNn : - ac

n
g

-numqu of anlmaISzv R “".¢v45

 water (ena‘of P T S S 1se.

fﬁeatment) T -23209_,4'_ 1so0 voﬂzléﬁhf

-:vfeed(alr dry) f7i‘g' SRR S AT B T A
- dry matter - o 1s12° ° 1s12. . U1s12

'lPIOteln R [ T .:t 234,9‘{' :234;3'5  ;234;?,;””:

- D1gestab111ty (i)-*;

dry matter ﬁon -;‘f{f'

: Prote1nj* ‘*'f”:[ffﬁ

"acld detergent flber %'"ﬁﬁSIFQSLo;'va”f . | fSOﬁizf-l'lfgﬁi'o:‘

. body welght(kg) 'z.fiF\; 41”gﬁ{.A'745‘fo<fTJ Ao;f,?
' (end of Q{eatment) s o RIS R '

fHeart rate/mln._fo "Jf;f,;13i“ﬁ . 'gglyi;;ﬁiﬁidfi&_ﬁii;j;f'*

',Resplratlon rate/mln- ] o 73 i' ?" o *:;22-Af:=f57,b T'

Veaven aue S

'_'Ca d1ac output zf  ;;‘of %\\\ﬁ s, ;f;' 5 1 i?ifb%79?}w~=f-f;:‘

(13 ters/mln) | v
Q‘Hematocrlt \‘_,o ﬁf?f 'ﬁf;'ZS 3 ’ﬁ32*3§”'('-25?h?1;;o2%2jo

_Oxygen consumptlon '5§-  316 18 _455}55ﬂ7§~397~8§3{*35{47‘f Qi

vMean Body Surface.Temperatures (C)

'j'rrunk ST if-1 j2," 34:6° 'Vl-ﬁ' ;',f‘f3i5;§ff

‘ﬁ'£XFrem1ti€535 Co T 133 l '3'fff’Tj“ "ff2°?6b'r&52;li?:flzf. 

_»a, b'“ Means wlth dlfferent superscr;pts thhln rows are
:statlstlcally dlfferent at. P<0 05 and superscrlpts SR

. BR RS
) d e. f

~at p<o 1o probablllty 1eve1s.'

'fl*1s£a£i§ticalljooohpared‘psipgﬂstuaghtsﬁpai:éd_T7§e$fg;o7

'SEM is the standard error.of treatment means. . -
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A drscnssion and interpretatlon o£ the‘;arrouS'ﬁ 3

)

{?5c1rcu1atory and letabolrc changes occurr1ng 1n shor'j‘

”- ?10 the current study es a result of acute and chron:'

. -

exposnre are presented 1n chapters Q and 5 . The pn

"the present chapter rs to expaad on the discuss1on fﬂ;ff; :;1vp

Mx:: chaptet§, and forther hypothes;ze on the 519"1f1ij'~y5x

widGCtease in resPﬁratlon ratesJ'ete observed 1n the.AC and ccufﬁ“ﬁj

;t»Sheep as. uell as F 10-15! 1ncrease 1n\card1ac output' ;:t?i
(althongh card1ac output failed to reach signzflcance at.theit;;ff
0-05 18181 ). £) 17! anrease inaheart rate vas also -easured\\*[]ﬂ

/_ .

An the.chanilals. Ln increase rn ibtdbolic actrvity of the §E£7fg

;;g-;;”‘ thyroid gland lay be 1nfetred fro. the 95_1001 lncrease 1“_4f;fi?:

b1°°d fl"" to thi‘. gland denonstrated m the lC and cc - 31




'*;e61fefs”

F:;Lezn the AC sheep. llthough a: tedqced petlpheral skin blood
ﬁ?}“flou naslnot detectahle b! the IlCtOSPhete -easure-ents Lnf;jeﬁﬁiffff,f
eetfthe present studx. reduced sutface skin ;lperatntes as, uellfju‘:?*fﬁ”f
':'fes rednced blood flou to the radins and ulna and hoove ‘

tlssues vas detected, hence, 1nd1cat1ng a degree Qf

eriphetal"”soconstrzction.j;

™ | 'r = EO%

: "ig“ ood flﬂ: to the shiverlng skeletal lnscles as a. result

;h acutee: and chronzc cold exposure.fth;_ﬁvas observedfe-3f§"'lv

fzncrease 1n bloodgff
and trlceps uas
' ”fprononnced 1n theffi%?kﬁ--'

in hlood flov ‘to? zfl;fﬂ‘j1 

.":‘ﬁ,_‘:'esmchétj' (lle stel:, 19751:- Jansky. 1976. I'oster etal.;
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:Q.;z.n;ﬁhiei978).,roster and Pryﬁnan (1978) have recently denonstrated
- }:,l"the 1nvolvenent of skeletal nnscle 1n therndgenlc reactlons fdr :
1tfy1n cold acclinated rats. In the present experlnent, the ‘vd

.'ffincreased hlood snPPII to the skeletal nnscle of'the chronlc'.’
'7‘hicold exposed sheep Ls angestive of non—shlverxng “: R
':i?thetlogenesis 1n these tlssnes 1n sheep. Feasxbly, the‘fahfi;:};ﬂ
’"f]obserVed inctease in’ hlood flov to skeletal nuScles 1n.AC |
"1;iaand CC exposed sheep facxlltated not only'nutrlent denands.

o of the nuscle, but also heat tenoval or exchange fon the

;in'nalntenance of honeotherly.»In the present experlnent,

?of cardxac ontpnt in the col sheep versus up toﬁ»“"

t‘.-f'..j;hcat:neen 5-6

f;30$ of thefcardiac<outpnt in. the CC sheep vas dlstrlbuted to dffi'
tif}the skeletal nuscle, (based on a calcnlatxon of skeletal |

u,h;lh':nuscle eqnal to 275 of hody nass- Hales 1976b).:Even

_,Aglconsldering that all lnscles nay non\have the Sale f1°' rate

ﬁ.ffas those part1cn1ar nnscles neasuted 1n the present .

i”;ffexperlnent, nor nay all nnscles he,lnvolvedﬁin?Shlnezinégand

:7:fnonshivering thetnogenesis, xhls nevertheless‘snggests the¢

T3”g-1:portance ot th1s tlssne to- these cold exposed anlnals. ‘{ﬁw I
”f-rf.',..:. é I_.t.sml .Iﬂ.!é and Silmé

The 1ncrease din hlood flov to the thyroxds and adrenals

'Q??of the cold exposed sheep vas the nain alterat1on in hlood

"ﬁsflov seen 1n the 1ntetnal organs and qlands. An 1ncrease 1n
*anetabol1c actlvity xn these tissues and hence an 1ncreased

"ffi;output of thyrozd and adtenad hornones conld perhaps be '

R .,:,fffconclnded. Aqgordxng to the connents pnt fotvard hy Hehster
B T e T R e T UPu\,.;;.-“



7;u<'v“ S uvf S f 3,1'- 'rv VT&: . o
(197&) the s&qnxflcance pf 1ncreases in thyrold and adrenal ,,'

horlones, as a result of cold exposnre, 1s st111 recervrng,

u1t# a- "nedlatxng' effect of thyr01d horlones, do seen to p

'] play a. role in cold lndnced thernogenesrs v1a an lnfluence

”dfg actrv;ty, 1nd1cated hy an. 1ncreased nutrient blood'

“f;f 97 Skls 3!9 1_. "‘éﬂ:f'f.

Ine noblllzation of fat or fatty acids 1n Sheep as/a 5;;.¢

ﬂ“ vasoconstrlction of the extenlties and skin Yasculafnre

RS ,,

on celf‘nelbrane fnnction and volatile fatty acrd netabollsl

(ﬂardy, 1961° Sellers etal..197T-_Hebster, 197u;.v43]-*-*

Consequently, an. anrease 1n adrenal and thyrozd g

seen 1n the present exper1nent,<nay be a reasonahle

conseguence of cold exposure. However, a direct therlogenrc -

. .‘ b L E : _ 63 :

R

“: nnch specnlatlon. Honever, catecholanrnes,vln conjnnctlon»\'

effect induced hy catecholalines has yet to be proven rn'f'

sheep (Hehster etal. 1969). DT [ﬂ'[@».#]’ff]'

resnlt of cold exposnre has been reported (Alexander,‘1972~*

1973.,Ha1es eta1.21976a' rhonpson etal. 1978). The

Bl
.\,

functlonrng as a heat conservatlon nechanlsn has also beenf'"

L

reported (Alexander, 1973- Hales etal.‘1976a). The

o

involvelent of these nechanisns as a cold response is seenffﬂ}gﬁ?ﬁ%7

to he of Iess?nagnitude 1n the.present stndy. As Jentionedgi

in chapter &, the cause of th1s difference hetueen the

present experilent and?s

e

xnilar cold stndies on sheep 1s ﬁ__; o

perhips on1ng to differences 1n exposure telperatnre and 1n ;5‘iut“"

'dn the age and size of the anilals concerned. llso, the fact



: '”}that the cutaneous skxn blood flov vas not d:fferentxated :
r | >

f< frol the suhcutan;ous hlood flov nay heve nasked any

, efreductlon in- cutaneous bIood floL

'ki The 1ncreased letabal1snnln cold stressed sheep

<<nece551tates an 1nctease in oxyqen consulptlon (Kle1ber~fl“'

o

'v‘?{w1975), Hovever, 1ncreased oxygen consnnptlon does not seel

“fwﬁto be synonylous Hlth 1ncreased resplratAOn tate“

as can be -
~vg‘seen 1n the present experllent and also hy ﬂales tﬂ97§a)

” V¥observat1one) The 1ncreased oxygen consnlptxon nfthé

,/.»'

: :Qpresent expe“' ent 1s possibly due to an 1ncreqsed alveollejg%

o ;ﬁf:absorptzon tiu_, ;nd?hence 1ncreased oxygen extractxou,-vereh'w B

f?fafeaSLblytenhanced also hy an - 1ncreased red blood ce11 count. ;?3:'

ij?fQ ﬁ?3ff;The Rresent sthdy illustrated a 22! and 2% increase 1n _
S if?hegatocrrtvln the AC and CC anllals respectively. Although

;'e?fonly the 221 1ncreaseAvas signiflcant at the P<D 05 leyel.ﬂﬁ?;?fff

The current reduction Ln vent;latlon rate as vell as

“:tbe reduced lnng (hronch1a1 artery':_flouiln the cold

'%ﬁﬁegixfexposed sheep xs perhaps effectlve in redncinq conduct;velz
?T;f;feffciheat 1oss fron the upper respxratory tract. He-ever, lung _
s l'Wblood\flou leasurelents can be b1ased hy l?A flow and shouid o
‘ ueued 1n lxght of this blood shuntlng.- Asvfdlscussed _;.1n‘ o

;_ff\C: chapter u, this lay especxally he relevant 1nt:eat stressed

SN

sheep vhete AVA blood flov can be q{ consxderahle laggltude

(Bales, 1973a)..=,




=3{%dolands:of theggnl'al. Consegnent.y, GIT blood flov
'fﬂ;vredls{rzsttlon-vofld be the effecf, tather than the oanse of
':;tgpphysxologxcal sti u11 1nduc1ng this redxstributxon.lmhe B

:;aqnestlon then be oles lhat factors are causxng the

~hf;redzstrihnt10n?

*exposed sheep has hf n de-onstrated 1n the'preSent
'=Q’gexpef1lent._the eff'~
3f§351n chapter 5 howev'

'3<fgseel to be nncleat.{tf?"””*“"'

ifedzstrihntzof of hlood v1thin the GIT of c:' 

,_ts of thls redzstrlhntion are dzscnssedffl

T, the teasons for the redistrlbntlon

Blood flow 1s'respon51veﬁto-the;nutrient and ﬁhertal i




o _Lto vasoactlve ageits anlndlng adrenalxn. Althoﬁgh there lsiiﬁ

. "111ttle ot no evxdence of an elaborate nerrous snpply to the:f°ﬁ3“

f”fﬁﬁepzthellu- or sub-epzthellul cell layers of the GIT (Steven fh'“

b%f!”ahd Harshall, 1970) the ex1stence of dopaline conta;nzng
ﬁqjﬂecells Ln the intestines of sh , '

' 3eeeta1- 1971). COnsequently. 

x'i?fzndings vould snggest th t" atec olan1nes,\or othen
;Tgeln runlnants. ,i;eefiefﬁ

';ijfﬁredlstt1hutioniin the GIT of cold*exposed sheep vould

' ~f:§gor Ktebs lnteriedzate netabolxtes, 1nc1ud1ng acetate,

Shovn (Atklns "ff*

these teport’“ﬁliterature

f°evasoactile agentsa -ay.have 94_n\lnence on GIT blood flou

31‘t1°° as t°,t "Gcause of hlood flow }ﬁmfffwf““

Pnrther spu

'

wiﬂpossibly suggest the 1nvolvelent of dxgestile end products,

ffcxtrate, fularate, -aleate, aIpha-ketOglntarate,

W7fo?oxaloacetate. and sncc1nate.vrhe“inf1nence; -

““9fﬁijutyrate;faad cabon dloxide “*"

b] Dobsgn and Phllllpsan (195

ﬂ fd19eSt1'e end Pfoducts such as aceta ev.fiiT

'GIIv;Iood_£10ﬁ:;s dzscussed

n,:vusTde-onstrated by

A::e?;Sellets etal. (196”).:Giaehettx~eta1. (19775 also refers t:”'hf"“

iﬁ‘fcold exposure is also :eponted hy rho-pson etallv”"ﬁ'ﬁ'""”

r,_t£§1g73).-Consegnent1y¢




‘fggfﬁand 1f they uock:ia conjnnctioh¢tiw
”ﬂffflldéoblda anﬂ Gi! tisa'

-jfﬁany thex.al envzronlent;

_lnypfacfotéf‘envi;onnental'o




‘ jf(ﬂ) Increased blood flov to the tbyr01ds of 100% and 95!>in -
c 1/". o
ihe AC and cc anllals respgctlvelz and a 3f! 1ncrease 1n

blood flov to the adtenais of the AC sheep 15 1nd1catlve of
i e ~;

_ngpectzyf’*‘

'ot skeletal luscle in cold 1nﬂn§ed ther ag




gastroxntestinal tract are llkely 1nflu:ntia1 in dlgestxve ‘fl ’

fnnctlonal changes observe in cold ex' sed tullnants.,,

(u) !he reasons for ot causes of lany oi‘thesg obsetved coldvtw,g¢""

ﬁSU ,1ndncaxtblood flon redistribntions, alt'qugh o/ten-'-77
specul | v |

ed,‘relain to be proven.,
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KPPllDIY IAIBIIILS llD ﬂBE;ODS (SUPBL!!B!TAB!) _
Vs .

o The lethods sectxons oﬁ qhaptq;s 4 and S coutazn a .

”yf:fdesctiptzan of auxlal use. .easurelent tQChnlques“ and

fanalysxs ptocednres uhxch are lore appropriate Eor t‘e

L ‘-"\'

'llnclu51on 1n ‘a paper for publxcat;on in a scientlflc
jonrnal. Thls append1x prllarlly contalns supplelentary
ldetails of themlethodology and grocedures used 1n the

S

(.
‘ experxnent and not 1nc1mded 1n the papers (chapters u and 5)

\

’

'ot, uheré nore detall uas consxdeted approprlate for thesxs
R}

vconSLderatxon.‘“*-if: 'ﬂ;Q, 'f'“‘fjp"V;: iv.f
. g LI : " "-'_‘_"Jé':\‘».'."‘

L a _A.sz.mere .Lg;;n_gfﬂ and. 'g i a;';g‘_g * ‘,
S The radxoactlve l;crospheres used 1n the present ”
_ vexper1lent Ugre obtalned onn Neu England Iuclear, Boston,' ‘

-

ﬂassachusetts. ‘The spheres uete shlpped‘in 10 ll volunes of

T lllllcntle (-ci) each, contaxned 1n 105 dextran Hlth 0. 01%

-f ;rueen-B0 suspendxng agent.vAn a11gnot of the shlpplng ledlul~ 

ﬁlas draun off and assayed'fot=rad10act1v1ty as a:p0551ble '

iﬁflndlcatlon o£ nucllde leachlng in the spheres.‘ o "above

[

ﬂ background' radxoact;vxty in the shipplng solution uas'

o fouud. The sphetes vere: stored/xa lead shleldlng unt11 the P

\‘

‘day of xnjectzon at Ithh tlle they uete -ade np to-a volule
of 35 ll by the addltxon of 10! dextran._thxs solutxon vas o
. A
T.hOIogenously l1xed v;th an ulttasonic lixer (type 50n1c 300

ffstﬁgebrator, Attcc Systels Corp., Patnlngdale, B. Y. ) and

. o . R o . . R !

W' e

BT R



‘ oy R g X : ;
‘approxlnately 10 g of solutlon vas then velghed out 1nto 20
: .nl tared plastlc syq;nges for 1njection 1nto the sheep. {v-i

', The physical dlaleter of the l1crospheres USed 1n Ghe

present study aas guarah&eed by the suppller (Neu Bngland

35
‘)

Nuclear) to be 1u 6 1'% n, for«the cerlnl,‘and 15'1+1'1f.' ;ﬂ‘*qj*
: for the tln. arcroscopxc exaninat1on of a representathﬁQ;.»_vg;.%

PR 4 ’\..

salple ot the =pheres vlth a nxcrOIeEEr grxd denonstrated
Jnat-the average dlaneter vas of 15 OBPn v1th a range of

1u 7 to 15 SPn. Bowever, 98! of the spheres neasured vere '

.s

'é/\uxthln .%,l of the average. The lean cerxun and tldgflaneter
dvalues vere not stat;stically dlfferent fron ‘each other«f/m4.-‘m'

;‘(15 09rn for ceriul, 15.08rl for tin) and 1atergana1y515',v

-

f-shoued no statzstxcal dlfferences betveen nuc11des in. terns
i %of dlstrln\tson vxthln a tlssne. o ‘
o ' i {);._ o ~.<r*d'A5>.  {n
’-1_ z mon §91m_n and §____;g_olnt n mzs_m
| In the present stndy the llcrospheres vere contalned ;n
ja solntlon of 10! dextran uith 0 01! Iveen 80 susPendlng
lr‘agent. Poster etal..(1977) reported that dextran uas not

‘;vused ln‘thelr experxnent to retard the settllng of 'V<J,A
_ . .

vnzcrospheres because of reported anaphylactlc reactxons to 2

ffdextran 1n rats.‘It 1s also reported by Goodnan and Glllaan :-ZTS:

]
4

(1975)&«that vhen nsed as a plasaa extender, dextran can

cause an ant1gen reactlon and sen51t1v1ty 1n sone people..f:
() B

aouever, in the present stndy, no anaphylactlc reactlons.

"ere observed to elther dextran or the Tueen a;\‘f ln the e
(‘x« * » o,

sheep, ‘nor have any sdch reactlons been reported 1n the



‘I'_-v

fllght be mnferred“thab the 1njection of a roon te-petature Q‘iffmhlfj‘

'7[fthetla1 regulatlon in thy anxnal and hence the dlstrlbntxon B

) occntred in therlpregulat1on (shlverxng or postnral

: 1n the present experlaent uete contaxned in only WOcc of

1

lltetature uith respect to sheep. Th1s poxnt -ay uarrant
fnrther reseatch specxf;gallg thh :egards to qvxn,eﬂ*“e"57

sens&;ivztxoto d@xﬁran or rueen aqents.;ff[if;-jae?,“,37§f

Bllgh (1963) dxscasses Seve_ Isexpetiuents Ln vhxch

- Y o - o ’ .\é .
K] . ., .

‘?-cold saline 1njected 1nto the vena ca'a teduced or

- N

supptessed pant1ng|1n sheep.vﬂe conclqded the exlsteucé of

& ffnlcrosPhere solnt1on 1nt6-the left ventrxcle conld affect

7f7of blood rhxs factor 1s seldon nentzoned 1u the -ethods

1

therlal peceptor sites 1n the venous trunk. Consegnpntly, 1@§

N _
descrlptxons of llcrosphere experxlents discusSedtln'the

luterature.' E

.“‘\

in- the ptesent expethent -easutelente on add1t1onal
sheep shoved that approxi-ately'§0cc of rocn tenperatute

sallne Ias regnxred to be znjected 1n£o the left ventrlcle,
>

f vlthzn a flve a1nute petiod before any noticeable changes,m.;;_;e;g;-l;

lovelents). Consegnently, consxdeting that the n1crosphéres

e

rool te-peratute sal1ne, ue assnled that the Lnjection L

quantxtxes used in thxs study vonld not affect : N
therloregulation. aouever, the effegf of 1njectate f'

tenperature should be con51dered 1n 1nterpret1ng llerospheregt

data Ihete 1t is potentxally an xnfluentzal factor. je:;:ﬁ T?*;;;;;;;



'-jvvia carotid artery catheters. For exanple, lovenent or f<'

7) .1 BOdl Po §!t;og;'g Dg;xng §L££Q§2!2£§ I!JEQ&&Q@\

Pre—experxlental tests, shoued that an anllal's body

;novenent conld Lnfluence 1ts blood pressure Ihen neasured ffj‘ffﬁ'

R

- .
. . .‘.. L : "(’;-r L
},exercxse vxthrn the letaholxc crate 1ncreased blood pressure':,;- -
B . & -

_ by 1ncreasxng heart rate and cardxac ontpnt. Conversely, 1f

; the anllal layed doun, blooA pressure vas rednced due to a

'rrednction 1n heart rate and dhrd1ac outpnt._ln altered hlood _T“

‘:pressnre could 1nfluence the dlstr1but10n qf the

‘_llcrospheres, hence b1a51ng the treatlent or tenperature

effect in blood dlstribntlon. Conseqnently, a11 anxjals uere h
£ . :
mtrarned several ueeks in advance of’ the llcrOSPheref~-~——-jf_[.

1njectlons to stand 1n a relatlvely constant body posrtlon,‘d,

hy halterlng thel to a bar at the front of thexr netabol;cg-

'-crates.,ﬂalter tra1n1ng se551ons uere lalntalned for about S

@

'7one half hour to one hour,Aor approxlnately the sane t1le f}_:
."perlod/regnlred to’ Lnjegt the llcrospheres and to take the

triassoc1ated neasurenents descrrhed 1n rigure 1 A con51stént_,‘

oA

: ’allgnlent of the head neck and trunb was conseguently

i‘ L g e e ,_!, ..,.AA,_.‘_:,_»;v—s—-e——--~——~———v' SR e e

ffohtalned s

; 2 aghav1og; 1”lns detai ons -3f1”vg R vwﬁf:vgg

Bulan lovelent u1thin°the anilal roons appeared to

*affect the behaviour of the < ; Thxs uas probably dugmio
: the anxlals psychological con;ftlonxng to feed1ng and A

:thandllng by hnlans. Thxs indnced behav1onr could 1nfluence

'7hlood flov 1n the anxlals by affectinq catecholanlne release

-

“or§
r
v

&

N



'i:aud henoﬂ
. heace,

r_dlsturbance caused by the researchers appeared to have ‘
2o 'h § .g..iugn, o

"dlscussxon of equlpnent and lethods of equrplent use are'

-

' also gzven in chapters 4 and S.r

”(9) Resplratorxusas Analyser,

PN

Lnfluencxng blood pressure.‘rherefbre. yhere S

' regurred the anilals nere screened off fron tue eﬁglp-ent Lo
'u,area and also uere subjected to a lou voluue radlo B

:ibackground n01se, forASeVeraleueeks in advance of the

. S

K

- lacrosphere xujections. Consequeutly, because all sa-pllng :

/'

’?fand leasurenents |ere lade fron on%shde the anllal roon and

S : \

egjfbecause the anllals vere given a 20 to 30 llnute "gulet -"

L.

fperlod" prxor to experxnentatxou,’the noise and physxcal

-
N

L4

.111tt1e ;nfluence_on-the‘sheep.'

L, :
The techn1ca1 descrlptlon of the equxplent used in the

.ﬂ‘ present study 1s g1ven 1n the follouing llstlnq. Addatxonal
Iﬁmz'

(1} Ielperature recorder v lodel BAT-B Balley Instrunents B

-

Inc., Saddle Brook, N. J., USA-~used for the leasurelent of

”
A

ody and surface telperatures.

(2) Dryxng oven, Despatch OVen Conp., style V- 31, The :

;- R
Partlou Corp., Nei Hartford . !.,_USA- used for obtaznlng K
tlssue dry velghts.';:i SR TR B _ ”

(3) Infuszon/uathdraual pulp; Harvard Apparatus, 150 Dover
Rd., !1115 u. A;, USA used for the v1thdraval of blood

salples for co and AVA est1nates-

\ . B ~

-~

' Caiiforuiafﬁsl; Priuferxaodei,'uoneygell. Ft. iashxngton,.P;

N

R

_klan Instrunents, Fullertou‘ f}‘

e e e F Ve E TR |
’f{jof_'r; tff,v:“~' S }.T‘gfp : '; S fw's;f:‘



>89 r‘:

;.;ul.. €02 anolyser lodechTSA S/Nf~used {or the leasurelent of_”f
vlresprratory gas. a‘* ' ‘ IR R S O

'(5) Sanborn Physrologrcal Recorder, Carr1er pre—alpllfler
'{350-1100C hxgb gain pre-alplzfler 350 2700C recorder 7700
-serzes._ﬂé%lett Pactard, Hathal, Hass. USA- used £or |

'recordlng heart rate, and blood pressure traces.vf“

(6) Pressure Trans&ucer, uodel 267BC Bevlett—Eackard,'

-
ialthal uass. USA~ used for leasuring blood pressure.

.

(7) Blood Gas Analyser. Blood urcro Systel type BHS 3a, Ac1d'tg

'7Base Analyser, Pﬂu71 Radroneter/Copenbaqen, Denhark'-used

_diwfor leasuring blood pﬂ, pC02 and p02.

(8) . Tygon ulcrobore Tnbrng, Porlulatlon S-SQ-HL, I. D.,vf’

"0 ou-o 07 am. Snrgrcal and bospital use,juorton Plastlcs and.f'-

) Synthetxcs D1v1$1on ’ Akron, Oblo, USA‘ usednfor rnjectlon ,;’lﬁr'

and vltbdraval catheters. _T  . '“\,..“-‘:. h

-;(9) Isotope cOunters, NaI crysbals, 7 5 cn. Ortec blgh
vvoltage snpply i uss, Ortec Inc., Oak Rldge, Eennessee,i?tifj
':USA., Canberra alpllfxer t 1417B, Canberra InddStrles Inc.,"f
fvuerxden, Connect;cut USA.. Canberra scaler l 1u37°’used fo;}’

2

d,;radloact1V1ty countlng..tt T

oy . : _
~(10) Ultrasonlc Hlxer, Son1c 300 Dlslelbrator, Arteck
Systels, Corp. Parlrngdale, R. I.,USA; used 1n the
prepAratlon and-llxrng of llcrosphete solutlons.
1- 1 _g_nasat_u Gas Aa_u_;_s 32_ _ssesr__at on-LRates

I. 7. 1 Resplratory Gas Analysrs f]; f}}:'

The rate Of oxygen consu.ptlon 1n the Sheep Uas VE,,.;l

R )l



_‘%\j A n L . : .4. A S

Ly ;

.Aleasured 1n an open c1rcu1t respiratory gas analysxs

’ f

~vsystel (Ioung etal. 1974). Resplratory gas was: collected -

Yy

"71a a- hgod enclosxng the anilal's head. Thls nethod of

respxratory gas collectlon uas preferred because Jt

‘5£sturbed qr elot1onally upset the anllal less than thej

. 'avallahle alternatlve of a nore restrlctlve face lask

. 'Otygen consulptlon ‘Was. used to calculate netabol1c heat

[

";'productlon assullng a calorlc value for oxygen of u 89

hKcal/liter.‘

‘I. 7. 2 Resplratory Rate :,,

Resplratory rate was’ leasured in the present

»{;experlnent uith the use of a talbour recordlng devxce.

- Thls systel 1nvolved essentially placing a. flexxble,"

convoluted 2.5 cn tubber tublng around the thorax of the

' sheep. Consequent breathlng actlon n011ng the r1b cage

and dlaphragl uould hence, cause dlstentlon and

’gcontractlon of the tubular belt. By connectlng thlS belt :

Doar

J;

. ﬂ:‘connected to a. lanoleter, resp1rat10n rate could be

to a flexible 0. 5 c- I. D. tub1ng, thCh was in turn

lonxtored by deflectlons 1n the nanoneter.va:»-

AN
ot

[

Polloulng the lnjectxon of the lacrospheres, tuo

separate 10 ll salples of blood were taken fron the carotxd.

. artery, one 1nto a heparlnlzed syrxnge, the other 1nto a non

heparxnlzed syrlnge. Ihe blood Sanples were 1nned1ately

transferted to glass test tubes. rron the heparxnlzed blood




P

o

»

.91

'sanple, duplxcate alxgnots vere draln lnto caplllary tubes

. for henatocrlt deterlinatlon as descrxbed gn chapter 8. fee_

x

: sealed Hlth paraflln, and frozen for later thyroxrn (T\)

(195a).‘jp]J

lLJ_Q Bogx Sngg_gg Ten peratu;es

. test tnbe contalnrn“heparlnxzed uhole blood vas“then sealed

vlth paraflll (paraflln "u" Alerican Can Conpany Hlsconsan,.

fUSA) and frozen at 5 to -10 C. for 1ater nse in. henoglobln

'analySLS. The unheparxnlzed blood uas alloved to clot at

o rooa telperature and vasfthen centrlfuged at approxlnately

3000—5000 LYY

"a~GLC-% General Lab centrlfuge for 10 to,

15 lln...Th- . ,‘:vas draun off into a. glass test tube,
. Sl

analnys.

~ EEE

At the sane flle as the above blood sanples sere t ken,.

baddltlonal 2 ll blood salples ‘were obtaxned fro- the carotld

artery and rxght atria uxth hepar1n1zed 5 al plastlc'
syringes. Ihe needle ends of the syrinqes uere then sealed

by 1nsert1q§ thel 1nto a ruhber stopper. These tvo sanples

v

o .vere 1laeadlately used to leasure blood gases (p02¢ pCCZ)

'~.and,pﬂ (Blood Gas Analyser. Blood chro Systen,.type BHS

-

Values for tu vere deternined by the nethod descrlbed
by Chopra (1972). ru antlbody was pnrchaSed fro-
Calblochel—Behrrng Corp. LaJolla, Callfornla.vﬂeloglob1n o

concenfratxon\vas deterllned accord1ng to the nethod of Hong
! :.‘e.,v_ . .__ s . ) ‘ . ‘ SR .4. ] - ]

: Telperatnre values for the flank, -zdside, dorsal

s

~ o
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IS -

! _ o v o
g"' nldllne, ears, and lover front leg of the CON and CC sheep,
| vere taken 'lth thernocouplesqgnd tenperature recorder T o
(lodel Bat-B, Ba;lef Instrunents, Saddle Brook, USL). Each :jd‘ﬁd

' therlocouple aas placed on the skyn surface, -and held 1n ff'

: place nnt11 a constant telperatnre readout vas obtalned. Thebp‘

»

thernocouple u1res uere 1nsulated fron erator's hand

heat by a synthetlc foan coverlng.

o
PR

SR Jg'éi§sgggion |
‘ After belng killed with an onerdose of SOdlUl
pgntabarbltal (nelbutal) the carcasses vere placed 1n a roon .
kept at 3C db. They uere loved to - a larger dlssectron rooa
'lvlthln 24 hr and placed on-a staxnless steel dlssectxon “

itable. Dlssectxon uas carrxed out prxnarllly by tuo

technlcians, each qenerally responsible for dlssectln :“ﬁ’
Tfspec1f1c body areas. A thltd technlcian vas respon51h1e
'vpvelghlng, record1ng, and storlng of tlssue sanples.nTlssue .Lidf?d
iand organ salples uere sealed 1n separate contalners and gt.??;“
‘then frozen at -5 to —10 C unt11 tlssue>nuc11de countlng nas
' done. Hhole organs such as liver, heart, and
:gastroantestznal organs*nere placed 1n ¢y11ndr1cal
1conta1ners leasnrxng approxalately Scl by Bcn. Slaller K
'organs and tlssues snch as adrenals, thyr01ds. and sk1n.sf7
R tissue vere placed 1n snaller (Bcn by 6cn) cyllndrlcal
-a;plastlc contazners..Blood sa ples (collected for cardlac zl'
Zhrfa.output (CO) and arterlaI“ven ns anastonoses (AYA) estlnates)

"Vvere transferred to 50cc glass beakers for ganna countlng. A

..
-



'.dlssectlonfggt to

and verlfled by rGEErnal exalinat1on of the heart.

j.conpal:ed dlrectly u1th lnjectate connts.

"fl. 1 L§_9__ns _932&..3 »,'d"f -:'dr B

"d1ssect10n procedures v;th regard to de0151ons on sanpllng

"fsites, and storage of salples.!§are vas taken dutxng

-stn b the 1njectxon and sanpllng

v

'catheters unt1l the q@theter posxtzon bad been photggraphed

The t;ssue set uelghts reported in the appendlx uere'ffg-'

_obtalned at the txne of dlssectlon. Dry velghts were'.lr }

freeze drylng or oven drylng the salples to a constant
3

n{ueight..Tlssue nuc:idj/Fonnts were corrected for half 11fe

ndecay to the day of nuclide lnjection 051ng the fornula "d

t¢%.5
Actlvxty (act1v1ty at t1le zero) (0.5) -,

vhere‘t days, or parts thereof 51nce 1nject10n ?n ;d

and t.5

the half lee of the nnclides (32.5 days for

-

'Ce—1u1 and 115 days for Sn-113)

The injectate cpn uere also corrected to the day of

feach 1nject10n. conseqnently g all tlssue counts could be

s

v

s '
f Tuo ganla ellttxng nuclldes Ce—lnl and Sn—113 uere used

"tuo of the nost conpatlhle tracers ava11ab1e 1n terls of

o energy separatxon ,5spzllover, and half llfe accordance.

L

=-Isotope ch01ce vas also based on the llnitatrons and

egfonrth person (the author) cOordlnated and superVLSed the “‘ﬁ,a‘-~

~

1obta1ned after nncllde conntlng was conpleﬁfd by elther.'.-AA:

1n the present exper;nent.brhe cerlun and txn nuclxdes were,-;~?:-

’Vf.resolutlon capab111ty of the countxag\systel avallable for‘_‘



‘ -ffenitted act1vxty. The percentage of nnclide that 1s :jh'¢_”\\

,fhe stndy.. "" o R .'h' '..nr‘ o rff"ff
- Bhen leasurlng the radxoaﬁtxvxty of an nucllde, a-
randon scatterxng of the elltted radxoactlve particles

"‘occurs and as such,"collectrng or neasurlng all of the .

X "

e

‘leasured, uhlch varxes-accordxng to the type of eguxpnent

‘used, 1s terled the countlng effxciency.' ' R P
e In the present experxlent, tvo large volune R
. radlonnclide counters ‘were- usea (see sectxon I 6 for
:Veguxplent descrlption). l de5cription of thxs egulpnent is. 5
;~g1ven by Lysten (1971)- The use’ of a large volune countlng ,Qv?);

'systen and uhole organ countlng vas . expected to ensure more
]relxablllty/than lore colnonly used subsalplzng ot ;,:35
:representatlve sanpling procednres. The leasurelent of

; co#ntlng accuracy and efflciency in the connters uere

. estlnated by placzng 1n the counters an 'nnc11de source"vb"

< -4

_contazner sxlxlar to the containers nsed for\&issue 5_;~_'47§7 B

‘0011€ct10n, contaxnxng a knonn alount of either Ce—]u1 or ﬁut‘”“'

hd .

Sn~113 nuclxde. Conseguently, by conparing the counts per
'nanute (cpl) obtaxned 1th the actnal anounts of nuclxde 1n

S,
-

: the containers, the eff1c1ency value conld be estxnated.c

TN

The nuclxde counter nsed J

:;"fron the Ac sheep (counter#1)delonstrated countxng

.r

"lbeff1cienc1es‘shovn 1n Plgure 2. Use‘of thxs.eff1C1ency curve

?'fac111tated the adjustnent of nuclide counts to allou for Tﬂ “’}";,j
]lgeonetrlc dlfferences in the dxfferent tissues. Katz and

' 'ﬁalantzf(1972), felt that the establlshlent of an e£f1c1ency ‘lifZV‘

PO



S : ~g.o'j'
'7oheight dlfferences.‘ Sl

SN

EERE R *ff;fra'.=~v.: R '?rff7'r‘ ff:'irés'.' |

Isotope counter nunber 2 used to leasure the CON and CCN“:e.

Zstheep tlssues nt;lxzed dual detect1on crystals and

'{de-onstrated nnxforl countlng eff1c1enc1es of u 591 and

”TQ:3 AL for ce—1u1 and Sn-113 respectxvelyt

‘ﬂhen u51ng tuo nuclldes, due“to the Hldth of the photOv_ff“

‘n{fh'peak or peaks, there as often an. overlapplng or 1nterf§rence'

”tgﬂl?the tln, bexng of hxgher energy,,dxd spilloven 1nto the
ﬂif'cerznl "uindov' Thfs splllover uas neas”

‘”ejjof cpn 1n a--ixtnre of ceriul and t1n that

”"Q,zz.zx.

7tof One nnclxde ixth the other. Thls phenonena xs knoun as'

'splllover" In the present experllent‘ essentlally no

"f_ycer1ul égillover occurred znto the tin 'v1ndou" houever,;;‘l;Vle o

e iewl 1

} ed ‘as’ the percent ff'

,'\ . .

‘as 1n addltxon

“*meto the cpn contrihuted hy a 51ngle nuclxde uhen néasured 1n,.;;u

J’one of the nnclﬁdes "connt;nq windovs". mhe splllovet values}ix

Qirfor connter nunher 1 are shosn 1n Eiguro 3.tIhe SPlllover [L.t‘f .

'“value of Sn xnto Ce fot connter nunber 2 was conStant at S

L]

-

"fil_ lﬂ _Alsﬂlatlﬂe.

' The proportzon of systelxc ontpnt d1str1bnted to an»“;

. S
o

TR e

' f”organ cad be est1lated 'lth the radioactxye llcrosphere_l"

.

"';“7ﬁ?ttechn1hue by conparlng the nu-bet of nlcrospheres (or

'3ﬂradloact1v1ty) 1u that organ tq the total nuuher of

s . kS SRR Lo
,vlzcrospheres (Or radxoact171ty) 1njected. Houever, an actual"




‘ ! L - - : : : . S .

"1 paragraphs.
V;varterzal venons anastonosis (AVA) flov, vhlch 1s also Fsi’_;”
) L

"‘] estxnatld in th1“

'.{ est!mate of AVI fiou.,!his gives no est1nate, £or exanple'

'h of the lesentar A'A flov chich, xf sxgnifxcant, could

~‘constant rate v1a a plast1c syringe. rhe v1thdrava1 of blood

' calculated usxng the forlnla described in the follow'ng

5 llustrated in the {"

9

I:V . . . o .
guantltatxve detern1nat10n of. flow rate to an organ ‘can also
be deterllned. Eales (1973)land Heynann etal. (1978; |

[
descrlbe var1ous iethods for calculatxng cardlac ontput -

” =

S usxng radxoactxve n1crospheres. rhe lost coinon nethod, and

', the ohe . nsed 1n the present study,‘xs that of a "surroga\e~

organ flov", or uhat is often terled a "reference salple

' technlgue'; or "art1£1c1ai?organ technlque" Thls nethod

lnvolves the ulthdraval of hlood fron an artery at a'-_»ﬂf_ ffi;”” ~

9 .

‘is started sxlultanxously or u1thin 5 seconds of the

nlépbsphere *njection, and contrnued for approxlnately one

nlnute after the 1nject10n of llcrospheres. Consequently,

the vlthdraual syrxnge or "art1f1c1a1 organ" Hlll qu%axn
\

'q;oportxon of the 1njected nlcrospheres.FAssunlng that the
b 4

7 N
ow rate or vlthdraual rate 1n the‘art1f1c1a1 organ 1s _;j

7,

'i proportional to the cardxac ontput, jnst as the T

y

radxoact;v;ty 1n the art1f1c1a1 organ is proportlonal to the

| injected radioact1v1ty, then card1ac ontput can be U’fhf:? y'”ff 'Cﬁr’

thls sane reasonxng can be used in est1hat1ng the

louing paragraphs. However, AVA £

L

vuay provides only an overall or total body rf‘

; N
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“

@theflirerléapiliary flou;*

A descriptxon of ‘the calculatlon lethods used for

- :cardtac output (CO) and arter1a1 venous anast01051s (AVA)

_estilates 1s glven 1n the acco-panylng exalples.uThe terus

,used in these calculatlons areodeflned as follovs""syrlnge‘

o N
. r1ght heart“ or "rught atr1a" refers to the llxed venous

e blood salple taken fron the rlght atria thCh was - used i

b‘.AVI calculatxons. "Syringe carotld artery" or the /f‘
l"art1f1c1a1 organ; blood salple refers to the blood sanple
l‘taken fron the left exterxorlzed carot1d artery for'
'calculatlous of cardlac output._v“;‘ |

The calculatlons of cardxac output and arterlal venous }

e - »
P

> anast01051s uere as follous-'srl |
(!) Cardlac output (CO) f (F) (cpn ')/d'vln ll/mln.
-1~:ihere, P = salpling rate 1n the art1f1c1a1 organ |
*(carotid artery) 1n ll/lln.3:_ | | e

B eiiherF, D= 1njectate Cpl

:ihere, d'- cpl in art1f1c1a1 o#gan vlthdraual salple.'

exalple. P— 16 8 ll/lln, D'= 25995281, d'- 79695

‘,'therefore, C 0— (16 8) (25995281)/79695 5u79 9 nl/nln{':

*1(2)Arter1al Venous Anastonosxs (percent of CO through

- Ava),‘.‘v"_ T T R A R
. . . . . ¢ . R .x( o

_n_a:‘ »gd-_'-)‘n'-).'_'(CO/p) (1’"040') : | }‘ _' SR

- d;'f-cpl 1n the ulthdraual sanple fron the r1ght atrla

IR

bp— flov (ll/lln) or w1thdrava1 rate for AVA salple.

«
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‘ Ce-141 and Sn-113 radicnuclide source

-

.radionuclide into the Ce-141 "counting window"

‘quantity of Sn-113 =

Pigure 3: Rélationship_between'peréenf‘"épillé&er?
ulated .with a known 4

}.\vblume‘ of

% COUNTING EFFICIENCY

% SPILLOVER Sh into Ce

&

98

bFigure”2: Rela;ionship bet®een raflionuclide couhting efficiency

and sample volume of counter #l’calbulatgd:with known quantitie;jof'

5 .'

i

-
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N

'f The nesults sectlons of chapters u and 5 as’ vell as the

b

g
s app _dlx ‘data for 1nd1v1dual anllals contaln a nore couplete ‘

w

,acc0unt of the results obtalned fron this study.vThe purpose

' of the present appendxx 1s to describe - add1t10na1 reasonxng

~ ~

" or lethodology used to analyse the results. As Ulth the'

‘supplelentary lethods 1n appendlx I, the add1t10na1 detarl
- of the supple-entary results was. considered approprlate for
‘_the51s con51derat10n. B o 'fj;3~ SRR ”';h“ff

1ls 1_g thgt»g P;gcenegt- S

Y

_ o As was pre?1ously descrlbed in the review of
'llterature, the radloactlve nlcrosphere technlque, as used
~in the present exper1uent,'requ1res the placenent of a.
.catheter 1nto the left ventricle to fac111tate the
tlxcrosphere 1nject10n._Left ventr1c1e catheter placeuent can;
»be estllated by connectlng the saline fllled catheters tq a’
spressure transducer 1n order/{o 1nd1cate the blood pressure f
changes 1n the various vessels and heart chalber sxtes. As
Ethe catheter 1s 1nserted dovn the carotid artery,‘the point
~fat uhlch the catheter enters the left ventrlcle 15 1nd1cated;
'1by a drop 1n dlastolxc pressure. A trace of thls | |
jcharacterlstlc is clearly 111ustrated 1n Flgure Q.

Co s
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' vell as the posé&b111t] of hulan error, the catheters can. be ;

SR

Hovever, due to the dynallcs of the 01rculat10h systen f'

N\ T

. such as heart novelents ‘and blood pressure changes, as

_/(

sub]ect to llsplaceaent. Hlsplacelent can occur elther by
1lproper or191na1 placenent or by subseguent lovenent fro-

the1r 1n1t1a1 p051t1on. If nlsplacelent hy elther'-h'

the vascular systel at -a s1té‘?h1ch would not facxlxtate the‘

A

The verlficatlon of catheter placenent upou dlssectlon
of the an1lal and analysls of tlssue nucllde countsh 1"

dec1ded1y reflects catheter posrtlon at the tlle of

. nlcrosphere 1nject10n. The llsplacelent of a catheter frou

the left ventrzcle can result 1n the injectxon of

n1¢éospheres lnto one of tuo anatOilcal 51tes (1) the dorsalim'

' aerta, (2) the carotld artery. l ﬁ"

ﬁg: of licrospheres to a11 tlssues recelving blnod vxa the

In the presgnt exper1lent, 2 of the*2a.catheték

e e e i

placeaents uere deterl1ned to be 1n a carotld artery and 8

of the 24 placenents uere deterlinedoto be in the descendlngfa

aorta. The results frol the carotid artery placelents uere:f

. .

rejected for u e 1n th1s exper1lent even though valuahle B

1nfornat10n co cernlng hlood flov v1a the carotld artery uay

be lnterpreted frou these tuo sets of data. The results fron~;‘

the descendlng aorta 1nject10ns Iere utllxzed 1n sone

treatnent coaparisons by conparrng the relatave dxstr1hutlon;;f

101

-

czrcunstance occurs, the l1cro heres vould be 1njected ‘into

distrxbutxon of lzcrospheres to the forequarteE areas of thee'



C S e b
descendxng aorta .. These tlssues iucluded subcutaneou< fat, - '
steen, pancteas, gall hladder, 11ver, adrenals, kldney,
kldney fat, retxcnlo-tulen.IOIasul, abonasul, snall

‘xntestlne, large 1ntest1ne, and nrxne bladder.‘Otgans or SR

txssues ceph&llc to the" descend1ng aorta flov vere re]ected._'
, 4

- s

lnllnjectlon of nxptospher7§ lnto the descendlng aorya

AN

résulted in a greatet nnlber of spheres be1ng dlefrlbuted to

the cap1llary heds of tlssu ‘_receiv1ng blood fton ‘the

descend;ng aorta‘ or, Stateﬂ“_'other Iay, thls had the salellr

effect as 051ng a larger Lnjec 'on dose.vTo qnantzfy hou-
luch larger the nunbers of spheres sere,'an adjustnent
factor uas calcnlated by conpatxng the GIT counts 1n "aorte
: lnjected“ sheep ve:sus 'left ventrxcle 1njected" sheep

i

= vithin ‘the sale treatlent gtonp._ln exanﬁI\ of such a :1f."'

“:f conpa‘lson uould be as follous.e‘h .1' ';S'e_ zle*f“

- ~ : RN

#t. .
”-_ a~(4)-ogpare xhe total petcent dlstrlbutlon of

' res to the entlte GII (retlculo—rulen,‘onasnl,

P

ahonasu*, snall iniestxne, large 1ntest1ne) 1n the “aOtta R
sheep, to the treatlent average Percent ﬁf"”-“

~

distrlbntxon of llCIOSphEIQS to the entlre GIT in the niéfﬁ;lf“-f
ventr;cle injected" sheep.' f“*»)j eﬁﬁ__vfl BRI
_b (2) Divide all petcent dlsttibntlons 1n the- “aorta. »
injected" sheep by ‘the ratio. SR e ;"vne,'f'la*’" )
‘.*vspec1f1cally°5 ' R "_ N | | |

” For the chtonxc cold treat:ent group (sheep087 78
.> ejA. 80). avetage GIT percent d15tt1bution of |
Vflxerospheres for the '1eft tent:;cle znjected" sheep.ﬂ hg *1 f5f;



wf,;nventrlclé? catheter placenent versus "adjusted aorta"l

e e e ”f%; S .. 103..

~

The Ce-1nl 1nject1on in sheep !78 ias deternlned tov"
”be lnto the descendlng aorta and the percent , |
”,dxstrlbutlon to the GIT vas 30. 97!. . ____.g*';,ﬁﬁtt .
. Therefore, the ratlo 1s 30 97/19 36 1.6. .
Hence, percent dlstrlbutlon values for sheep)78 for f_d
the Ce-101 nucllde uere dxvlded by T1e 6._ | |

@

V“\ As a test ‘of va11d1ty for thxs adjnstnent nethod

»
A

fstatlstlcal coupar;son of t1ssne counts ohta1!€d v1a "left

f‘placenents delonstrated no: statxstlcal drfferences u1th1n.r:”?'

treatnent (Tahle e)dl%onseqnently, the adjnsted values for v c
the tlssnes apd\Otgans lentloned uere nsed im subseguent
_ treatlent conparisons. v ’ o : ?- , o “ ‘ k
E Thxs sale nethod of conparlson could be used by ff
L'conparlng radxoactlve counts to any of several larger vhole
5 organs such.as spleen, pancreas, or onasnn hetueen "left
iventricle" and "aorta xnjected" sheep, aﬂd 1n fact s;nllar
ﬁ?fresnlts are obtalned by d01ng 50. Bovever, by 051ng the

4ienttre GIT, the adJustlent factors are based on ‘a 1arger _s'

.,'

e

'“pooled reference value and as such can be used uxth nore

assurance._A

/}/" R,
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Table 8: Blood flow. GStxmatxons (H\1/1003/min) for" sheep with microsphe:e

injections in the left ventrxcle and descendxng aorta.

S . .. ‘Left Ventricle Placement . ’,;'Ad:‘sted Aorta

o s CON T AC cc i - SEM .- - CON cc
. Observations/mean - -2 - o7 S S - l' ‘4 . 4
A Internal Organl and Gland. L o S :
: " ‘brain - S +-63.9. . 83.1 v '113.8 1 13.8
-spinal ’ecord. . 4.6 (185 0 22,1 .70 5.6 - .
\\\~ heart 1160207 70,7, 103.3 15.6. , =
"‘.,. ’ lungs('bronch-art ) .57 5 8, 9f 12.2 ‘2.9 o R,
" ldver o 2.7¢ 2.2 TBl2d . 4l2 ! g.s 4.2
S kidney. - . .. 225.4 1 338.9, 193.7 36.5 , .168.7 173, 9
+.. " thyroids -~ . 48.8% ~97.6 BB.1® 2.5 .,
L pancreas , - 1687, '2]_.9 .64 182.4 - 31.4 ', 169.8. 19.3.'8'. "
. . adienals | .. - 84. sf - 202.4%. g140.1% 37.7 , . 177.9 76.2
- gall bladder .. - 7.7 - 9.} o 5.7 1.2, 1329 Toa.s .
ur ine bladder . 5.6 - : 6.5 3.1 ;1507 5.2
spleen S ' 7e.8 120.1 . 92.5~ ' 26.6 ., 63.6 . 67.2
. Huscle : ) ST Co AR ,/,
. “~lengisimus dorsi . ]..7c 5'9b — Bae2 0.1/}
: © ““gluteus maximus - . 3.,0f. 5.'62. 14, 3; 1.3,
. - .triceps T Y- - P 0b S 16.67- 1.3 ,

_____ﬂ___diaph;agm S 28.6% - 11 3 . 28.22 2.6 -
"Gastrointestinal Tract R . o : : wel
.‘esophagus . - - - - 14. ld‘ . ‘22.4- ’ 15.5 : 5.5 , S

reticulo-rumen’ - 45.9° - 31,9% ~31.7f 6.5 . - 61.6 ' 43.9"
. omasum ‘ - 56.8. ° 55,4 . . 48.5 .| 7.5 . 76,5 .. 59,7
abomasum ©1103.5 0 0 137.6 ,76.0 ° "16.7 . '80.4 .- 76.5
! small’ :mtesti.ne_ : 83,1, 84.5d- 7 60.6 " - 8,3 _ - 65.3° - 39.6 .
large intestine ~ : 43.2 f~, 67.6° _.s1.1 8.7 , . 73.3 55,2 -
P IR . L . : o . «
_ nidside 4 5.6 2.0 - 7.8 L 1.2 .,
, - ‘nasal : S O SRR A SR ¢ 05 S 15 W :
4 lower front leg e e O . 0.9 0.6 .,
Fat IR S Sl Lo R
aubcutaneous R 3.0 2.0 3.9 0.4 4.8 1.6
kzdney fat o 130000 iy 2 5.6 2.7 “3. - 10.3 " 4.7
radius and ulna  1.3% po.zg‘ 0.53 . 0.05 4
. nasal turbinals . 12.3% . 4.2 19.7 5.2 4
Voo AP E R ' T ' e
.= other L S Sl ‘ oy
JN . back hooves . 1.0 0.5 - 0.4 <0.05 ,
- .7 front hovvea - 0.8, 045 T, 0.4 - 0.05 4
ears. b 2.3 2.7 8.52 3.2 ,
e .

e n, b' € Means with different superscripz thhxn r
- statistxcally dxﬁfercnt at P<0.05 and: superscr;pt: S

"
[ ]
K
L]

»_"ﬂd' € f‘at P<D 10 prob-bility !cv-ls-.:; o

r

v”'sm is the standa:d ertor o£ treatment mennu -

) I.eit ventricle placements refer ‘to statistically adjusted means L
‘obta:.ned v:.a unequal numbe:s least squares analysis of’ varianc‘

. Ad)uste*d aorta values were oht.ained via the descending aoru .
ad)ust:nent proceedures as described Ln t.he text, . -~

A
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L'Js IPPBIDIX 3 IIDIVIDUIL llI!lL DITI ,.' T ? -~
P The follovlng append1x sect1on contains values from
.1nd1v1 ual anlnals for the var1ous phys1oloqlcal  ;'H. "‘

vleasfre-ents taken durlng the study. The sheep are llStEd

KN

Aaccotdlng to treatuent gronp starting ulth the control (CON) o

Af anllals and folloved by the acute cold (AC) and chronlc cold
_ oy

’(CC) aninals. Hithln each treatnent group, the angnals are R

'lllsted fro- lovest to hlgest 1dent1f1cat10n nu-bet.’
h Control (cou) $8282, 8284, 8285, 8298 o
”Acute cold (AC) sszes, 8270, 8271;o9219,_
Chronic cold kcc; #8274, 8278;§8280=18287‘
;ulc;osphere 1njectxons coﬁ%alnlng—the radlonuclldes
'3cer1un—1ul (Ce—1n1) and t1n—113 (Sn—113) vere carrled out

LY

' Hlth neasurenents of heart ate and resplratlon tate nadef
: L \
llledlately\befor the flrst lnjectlon, betuéen 1n3ect10ns,
and aftet the second znjectlon. The 1ntetva1 betveen/-

1n)ect10ns was approxlnately 15-20 llnutes.'Durlag the

e :n1crosphere injectxons, blood salples vere uithdrawn fron«-' -

.'the rlght attla totk\a&culatxons of atterlal venousv-:f: '

U,

e anast01051s (AVA). ThlS hlood sanpie uas terled "syrlng
e_ r1ght heart“( Blood salples vete also ulthdtaun fron the
f;carotld artety for the calculatxon of cardlac output. ThlS ”
:“ﬂblood salple was- terled “syrxngekcarotld attery": Blood
sanp&e*vzthdraual rates are shovn 1n the appendlt. Catheterl

7ﬁplaceaent 1nto the left venttlcle (LV); descendlng aorta 1'

o
T Q.
touvg DAY



. (DA)"and Cdrqtid arﬁte’f?" (CA) are also indicated _in' t,'h'e'_'., .
~ following appendix tables. B ' S

iy
N
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: APPENDIX
S :“, TR © . SHEEP 8282 " CONTROL PR
< Lo T A Y DeM . .4Wet ' Dry
T L ‘ RS ¥ 5 S 113 ueighc welight
R TR TN __Ce  Lo_osm: o ({q) (g)

Gastrointestinal Tract - BERRTLIE I ;

N
.

esdphagus. : . S C 92489', 1158161 44.9’
o .reticulum " - . ST 10¥49439 7 “18126677 - 116.8
L e reticu}gt mﬁbosa“ R 1728 - . 10967 - 8.9
~ ; ‘rumen - . ... . 26814175 . = 54737419  469.9 -
4 rumen mucosa" : . S - . B782. % 25193 30.8
T omasum B} e - 10150190 - 18916774 .  128.9 .
i omasal mucosa“ ‘ ‘%}' v <1329 - 73322 23.9
©7 abemasum.. . ¢ o 26196596 27369741 . .. 219.3
small intestine . - , . 40264139 . '61676483 : - 592.4
Yarge intestine - L © - 43010239 | | 77172612 © 583.4 . 107

N

NWWwoOwHOaW

s s £ % 8. s 0 e e s
.

A
w . o

H
Na
OWNOWWINEN

Internal Organs..and Glands - * " o
_ , : brain Ce e e : o 18830 - ¢ .113060 88.0 . 16.5

e o - spinal cord%*’ . ic: S o ‘1741 . 5.9 0.7-
. R . heart . 94250 . -59935 ° 153.9  47.3 . .
- , - lungs ) R . - 2249466 15519548 ° " 566.4 100..6 ° o
0 -liver o Sh e T -4947378 . . 8901419 - 601.3 7149 5, T

- L . kidney o S . 8541694 39490709,>ﬂ'101 8, 19:70 7 . ’

S . : thyroid: ) AERUIEN L 354 . 9258 6.3 1.0

. : : pancreas ’ . . S 11963219 22709806 45 4-" 10,2
L " .adrenal . T - ) - 1’006'675 3104322 8.1 1.3
- gall bladder: B e 80642 - . - 196516 6.4 - .0.8
1.8

0.0

PNy P

.urfne bladder . .- - 63955 . ' 249645  15.2
. spleen. . _ 11057053 . - 13792580  231.8 7

f\ ) . Othet Tissue and Organs ’ . T
: o Huscle . ,'ﬂ'j o AP e e,

‘Jongissimus dorsi** - . 1184831 1036870 .  42.6,  10.6
gluteus maximus** - 1279410 . 2690516 - 56. 7,-,v;4.7;
triceps** - - 3686 3258 44.7: 11,4
‘diaphram .. . 7. 4355140 9747096 ~ 129.4 . 32.6
Sxin - v N S e
. S . - . . e ¢ S S R
RN ... midside** - ‘ ©.359720 1003522 . - 30,7 . .13.6 - i
‘ o ‘nasal** .’ e 8610 - - 12774 43,6 113,717 70 oy
lower front leg**. o 2196 | .SB06 - 9.3 . 4.7 T

. Fat Lol : .
"subcutaneous‘*_- _ - 215199-..," 266612 26.8 9.
kidney'* SO , 9319299 . 1015870° - . 35.9 7

N

radius and ulna** . 4586 . . 12354 . 22.4 . 14,3
nasal turbinals S L. 42340 ot 60935 "95.7 . 3344 .
.b,ck.gbové,' L 7444 372354 . 73.9 - 39.0 Ced

.€ ;—a§"_' R “front hooves = Lo 715482 0 0 T 12903 - 82.7. . 44.8.
M - . ears e S 5348 5516 0 36.2-0 M4 -
B _‘ dgitxonal Peasurements - “:;j.f‘;'.' 3 o o e R o
/'?' oo -yringe right heazt (Sn)‘ : o ._O o ;',547580 : [ ) ’ ‘
T .syringe right heart-(Ce) . .. . 33824 . 0

syringe carotid artery. {Sn) . ] j,"-~~ . 35000“
syringe caroﬁid artery (Ce) s . 711088 R T R

1njectate T © 471194804 820092545 A

AT Representacive tlssue sample, not whole organ or tlssuo.-_yf'f,' . .‘\,

Vo
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R APPBNDIX

snzsr 5234 * CONTROL .

[=
N
< .

e o S e o DEM . wet .
. s B . ‘ e o ’ o ‘ T 141 . '-‘Af 113 BRI weight weight ~
B L Ce. .. _sn (g

Ls

DTN "GAstrbintestinal'ffact '

45.9
146 .4
x
763,5 " 1s

38,9

145.4" 3
229 3

15903 .
1 579.3.

. esophagus - S R © 549182, -

- reticulum S 4353217

_ reticulat mucosa*' o T 1086
I rumen. B 22713586
! ... 7 rumen mucosa*' T ©o.o 821
: T omasym O 12460108 -
"omasal mucosate . : - 1173
. abomasum - T *11268130
© small intestxne S 134762782 .

blarge intestine o R 11716552978

N

N
e

C MMM X 3N
\9
W
ooa
N ANE N YRR
. [ [ 3 [ ] 3 F 2
Mo W— e

Internal Organs and Glands.~ e
" : T“Brain . - B .o 6498282
' - . spinal cord*' e S 18652
+. . heart. AR ) . 24903956
: : . R . 1760043
227847
38636782
121434
16586 30
. 514260
L 29434
N , -574586
172239

92.8 " 17,6 R
“4lo o.s . -
176.3 52 :
534.1 -105,9 . B
- 673.1 1946 .. <
. 148.2 28.7 :
ey
49.8

. - )

‘10.5

1
9
-1
13.6 ... 1
.
 49.8 11

R4 3 31K 56 3¢ 3K ¢ X

Other Tlssue ;and Organs -_,4‘* o E LL} I ."'f'j' R B
‘-Huscle o ' ‘

longissimus dorsi'* 8 o 3915;

*x .33 M

- gluteus maximus o 21717"

' tricaps‘* - SRR s 086:
: :diaphragm R : 19%6913

Csrem
Ad L W

U 75891 N
e 548347 ;
1ower £nont leg*' B S 8586

L1
RORTICI
Nee

nN
[y
©
N

‘rat
R subcutaneous“ : ’ S 135i~ . X R i .
el kidney*' S e e, x "ﬂb 26,0 14.5

: radius and ulnass 7" T adep “arhe ’i‘sf;ﬁ”“*“"*f .
‘J ”; - nasal turbinals S LT e MEBLT60 - - LR e 127-9"”J52-‘Aﬂ' Y
Othet . I : o _“ . ‘ ! v- ’ l Z':‘ . <. ,‘. .: . .:.-"’-. - :
T N ,1,-,_.,._,4- Slelt N IR P
- "‘-, . oo back hooves i e
T ‘. trant hOOVéS. : "‘" vy A .’.‘.'-’_ LA
O earl e I

PR SR I

B e
XL 66:3 0 3802
Xt T 8409 T 4407
;49,80 “19.9. .

) L. L

-

- .?;. %'- R Additional Measurementu e

il L srxinqp right heart (Sn) T L LI <
coe ST Do L syeinge. right: heart.(Ce) ‘k]-- - 5869- Sl s
Yol eyringe -carotid: artery (Sn) VUSSR
Dl L ey ringe: cqrotia artery*(Ce) o 1580869 o
S SR ~1njectata : 499056210 o
e Repzesentative tissue sample, not whole organ or tlssuo.f
| A ) .

 $»<1Lf‘  : _.vj;;':‘ ;    ‘;fi.;t:ﬁ? ";'f>r??‘ﬁE "j
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» ‘
l -
. Appzubxx
‘o ‘ ' sazzp 8285  comrROL )
" “DPM . DPM . yep . bry’
141 : 113 - weight " weight
. : . Ce _.Sn —{ - _tq)
Gastrointestinal Tract
esophagus 45058 167580 65.9 20.8
Teticulum 7357943 8366548 = 144.5 28.3
Xeticular muoosa" . . . 3612 - X. 1-. 0.1
Tumen. o o 30734722 B 44709354 . s8] 126.7°
. Tumen: -ucosa“ L o . .Y 2126 : 6709 . . 35 5 4.0
 omasum ‘ . . 10602125 111161322 134.2 28.9
omasal mucosa** I . 141 ) 5741 - 6.8 1.1
.abomasum 17177439 16285935 222.¢ 44.0
small intestine $5720707 64337032 '794.8  145.7 .
large intestine _ 25733134 29010580 - 336.8 65.1
Intetnal Organs and Glands » )
brain . S . . 4880 71419 91.2 16.9
spinal cords* - ) ’ 921 ! 6483 5.8 0.9
.heart ) : . 65421 150774 . 208.3 58.8
lungs - T 1543764 . 5058387 = 684.1 - 131.1 _
liver . 6531529 50295064%- " 495.2 © 3355
kidney : , o 9907814 36375258 108.0 = 22.4
* thyroid S T 1629, ; 9741 7.4 2.5
‘ pancreas. N ' -7 2395423 5874677 49.8 12.7
et 0 0 adrenal . 1663951 . 111730 6% 8.3 \ 1.3
~. . gall bladder 371906 343758 25.3. . 2.1
S 7 urina bladder 235382 - 943096 . - 20.% 4.7
- spleen ' ‘ . 12263816 - 23353161 . 181.6 53.4
Other 'rissue and Organs » v . o ‘
Huscle E )
, A 7 __'T . . . LA ‘ o
g% S : longllslnus dorsi*# T 477171 1050000 59.3 5.1
e : © ¢ ‘gluteus-maximugts | , : 503499 1385645 31,6 - 7.2
. triceps*#* - R © 1158 C7 0 B096 - 34.7 . 1.0
) _ “diaphram’ < UL 0 . 6688459 . 20276354 1 ,201.2 59.1
I : Skin ' o l» o
o nidaida" L 210003 - 234064 181, 7%

: D el DASALAE . oo RS a,,.»931.1~u.'_f (7580 46,67 1407
L A 1ouar troht leg'* LT g, 6 -"v‘10387.1 22,3 . . 9.2
SOUTETTUIT  a U R . o *

LS o lubcutaneous" T D aizar 13047 9
N u:'ﬁkidney"; 426645‘9”"42;9 1209
L e e x:.au:«m ‘ulnase , 5483 416 22.8 .
R e '*>* . nltal turbinals.ﬁ, o 13064, 113.4  46.9 -
SRSt ;, back hooves " 198267 - 92225 65.2 35,4
T e !ront hooves : . 12227 . . 2548 77.6 ° . 43.2 .
o LT ears: T 87 ~5225 855 217
g ditional Heasutements - .
‘—N B * S . . i
N . syringe right heart (Sn) - 0 0
% ' syringe right heart {Ce) e 0: -0, \
© myringe carotid. ‘artery (Sn) . S0 -37806- . ,
- syringe” carotid-artery (Ce) : 3605 .0 3 -
'injecta:e v 533677304 797982645
Rgpresentntive tissuc snmple, npt whole organ or tissue e I .
AN v T e liv.r and afdzenal Sn count:s for 8285 possibly high due to t,:on_t.a.qugation.g,-:
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' . APPEWDIX .
. I -
) . e SHEEP 8298 - - CONTROL-
, " DPM ~ DPM Wet
: 141 113 weight
: . . - L. Ce . Sn __(q)
Gastrointestinal Tract . L
' esophagus , 0 1446354 69.8
reticulum . - -0 ‘ 14356193 158.2
‘reticular mucosa" 2243 . 13483 5.9
rmen: o 45202161  566.5 -
. rumen mucosa** 2939 . 15225 | 25.6
;- omasum : 239017 - 15973580 '119.5
omasal mucosa" 2032 5161 8.9
_abomasum . . 1513999 49'931709 T .233. 2
. 'small intestine 4604851 89734064 639.2
-.large intestxne $ 760294 - 52648419 691.1
In!:etnal Organs and Glands - ER - o
brain. 17643079 6544806 95.9:
spinal cox:d" ) 2 -18338 736096 6.6
heart e 228962 - 19267032 . 189.9.
-lungs - o 90284965 . 49576806 . 560.6
liver :-. EE N - ©1035723 - 6284322 . 869.9
kidney . . ) . & ’ 9923852 34870935 ° 159.9
thyroid . R 16835 - 674451 6.3
pancreas . o - 1555671 : 22645903 54.6
adrenal - - . 23490 986838 8.4
- gall bladdef ° 7835 158322 8.6
. urine bladder : . 4680 - »90193 12.7
| spleen 1304825 . 22610580 - '103.8
Other Tissue and ‘Organs o
Huscle '
R S T . E
longisslmus dorsi'* 6251 . 178064 - 37,6
 gluteus maximus** ‘8409 219000 © - - 29.6 .
o triceps** . . - . 6810 " 139161 51.6
v diaphran o .. 84945 3652354 125.5 -
midside** 1714 544774 46. 2:
-nasal#*® T 12400660 1232871 S 17.1
lower front leg“‘ " 529, 26451 10.7
subcutanecus** 2216 106516 12.7
kidney** 28293 1281387 . 47.6
‘Bone ' ‘ S - ,
radivs and wlmass T o se2s o TTI4. 28,1
. nasal ‘turbinals L .16089611 1601258 97.‘4“, g
Othet » ) ' f 2
Back hooves.. 19 128903 . 66.9 °
" front | hooves - 5141 108612 - 90.2
. ears 4912925 259580 57.9
Addulti’onal 'Mieas'uremel'-xtsl ‘ ‘
" ‘syrinye right heart (Sn) o 114577
syringe right heart (Ce) - 130952 - - .
syringe carotid artery (Sn)’ 0 1390838
syringe carotid aztery (Ca) ’ ‘29126

: Lnjectate :

7.961,4,9,;2..59 .

114,

33.1
46.8
21.2
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. thyroid, .
‘panqreas
FY: 33711 6 G SRR
<. gall bladder L
T;vurine ‘bladder
v_lpleen P

Other Tissue and Ozgans

Huscle'
1ongissimus dorsx"-»i
. gluteus- maximus" -

" triceps*?*.
" diaphram oo

- -Skin

| midsides*
na,alﬁl

louar front leg'* PR

!55-.‘f' e

lubcutaneous"
kidney'* :

Bona

radius and ulpa*+
nasal turbinals
. T : S
e e Other

S paek hoovea'
©ofo. T front hooves'
S S ears

\." Additional Measurementl

lyringe riqh{ heart (Sn)
‘syringe £ight" heart: {Ce) :

syringe carbtkd artezy Ce
ipjectate e .

?;y:inge‘carotid artery” (Sn)

330110
el X

627312

- 671853032

"‘.A'

S
- 782557 -

. 104020 .. 173270
Y B ';t....xa. P
6551994 - 33
©187131 - 32511 7. 9
275182 135840 - 28.9
784306 405082 © 69.0
556385 643709 65.0.
141759 - 1é'3u
r4;1724,: ‘aa.0
Y 25630 . ~15.6
.. .14613 12566 - 18.1
462340 73768 1.6
S 134260 o 10216.  27.7
", 8la6l7 . . 1032832 173.3
72968 . 28302‘ 163.9-
61574 99200 . 103.0
80972 72850 49.5 .
x.

9 U
'2066710 S
‘0. U

23
-74.8

' 116 =
‘A . i
_ PN T APPENBIX Co [E RS
] 4 - SHEEP 8265 = ACUTE 'conp ' :
: _  DPMic opn, _ 'Wet bpry
ERTHINRINE A . . 141 113 - ’ Veigﬁt wexgh‘
L B = ... Ce o Su - (g) : (q)
Gastrointescinal Tract B Nl i A‘:_ o o
-l . esophagus ‘833876 1701106 - 46.8 - 13.4
-+ retfculum - . ‘3133444- 452287&' 7 88.7 20,2
wteticulax mucosa"~ ’ : : Y Y .
-.xumen.. R ---9881621 12885485 ;439 2. 96.7
. -rumen mucosa""f o RS S
S omasum. i 3873795' 5139601 97 9 18.7:
DA .. omasal mucosa“ L : b o R XY
., apomasum: T 11271313 ‘220117ol'f 110.5° 2857
B Jo small intestine’ : - 404531615 ~ 40192319 491.9. . .54.3. .
‘ la:ge 1nce.t1ne : 24370537 -7 29749714.° 7410:0 ° 10933 -
Internal Organs and GIAnds - , SRR o
obratnl o0 4971095 - 1'5315661' 86.5  16.8
: > “apinial: co :dt&z;;i_‘ 22900 . .27080 .. _.0.7. .v,XA'“f;H_
i T neart . ;13169254 11;59930 159.7 15.30
2 1ung:,“”' e ‘; 4379699 - - . 8 .
1iver:: o T 638716
T kicaey - j»o25002368

3209

17.5
17,5
:36.0
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118 -

. o B o :' . K . L ”
\ :
L ,p com pe I ”
K P L nurmrx~
L T susep 8270 . acuTE cow -
e DR .. DPM . .l o DPM- o Wek: “pry
A TN e ; AXr 77 T 113 v cweight weight
- ) C.oJ. e Ycemt - lSm gy 1<)
Gastroxntestinal Tract N ;
ST el
L e ,1_esophaqus R IR 1114555 0762757 "72.8 1.4
o 2 “reticulim L e 505;039: 777642776 - 124.7.. 29.5
L -1 - v reticular. mucosa?' T . e A SRt ¢
” rumen 18300014' 20241447 638.4 103 1
*- rumen mucOsa" R Y Y, Y .
" omasum i . s e S 6989354,, 10321199 159.6 32..5. ,
omasal mucosa"j‘ A L Y Y Y Y
abomasum e _158,35722. 23796580 176.8 45.5
_ . . small intestine’ 42195121 61878269 765.4.  97.0
- latge intestxne ) 3}11&057_:_' 31817881 ,{97.6 112. 0"
;:;f'~'5": : Internal Organs and Glands B B EA REC.
i prain . io - e o T 3957819 o 6327408 1045 K LT
o 'lpinal cord"’ . e 6075 13168 7.5 X
© . _heart-. - ST 7209978 - 10593266 . .223.2 . 77.1°
.- -lungs i 4543048 4010502 ' 782.2° . 142.8
‘livex. 725014 1380008 ~801.4 -156.1
., kidney. 23252541 .:42515335. . ../147.8 .. ./28.1 |
o, thyroid oo e T DT 271236 - .~ 669448 -6._9 B
S . pancreas .- UL . ‘2942425 5102947 A3 % : R N 1.~
.- || adrenal *% .- s 172748 . 400999 0.9 0.6
.-gall bladder 45980 133457 13.6 - 1.5
. urine bladder . o LY T X X X
s spleen N e 5219691 19757804, - 98.5 25.4
C e P . RO T T LN
Other Tissue and Organs . s
A
o Huscle . ' _ R
T longissimus dorsx" AT ;;125891'v 188044 131.8 . '39,8v
* 7 gluteus maximus**® 110620 174061 ° 56.5. 20,9
: ' triceps** ' 63739 162884 73.5 X
~d1aphran . 821723 1104144 176 .6 49.8
" '*r,.,-'ﬁ vSkin ' . o ‘. ;
U midsidett - . “ap2159 ., 308391 . 28.8 . 131
. pasal®* - ©. 391478, 358773 69.5 X .
<. 1ower front 1eg*' 10331 0 13279 . 27.7 1.8 "L
" gubcutineous*#’ U ld281.. o 16558 ¢ 25.8° . 23,87 - ¢
‘kidney** ° 2198790 72442627 " 791.0 " 81.8 . .
vvfibher “a'. T C DT Lo 'lﬁir.'jf'
" radius and ulna"’ R 27330 - 035077 . 3005 "7 28.4
R nasal turbinals © 7 '332090 . - 451532 . 116.8- 45._ L
"”_ou:e:' , '_ - e L R :
back hooves 26441 | 31295 - 68.4. 410
A ©.....  front -hooves - 24092 - 20742,  87.2 46.0
o ears - 112153 . 80620~ .50.9 3.5
. iwﬂdditidhal-ﬁeasﬁrehents ‘ ’
- syringe'right heart (Sn) 0 4653'
. . syringe right heart ;Ce) e 6807 0
o ;qyzinge.qarotid artezy {sn) . 0. CR 1310092
- iy:inge carotid- arte J (Ce) N 784146 _ )
S i Lnjectat. "u-~ - 362!23167 18686115 R
°, L ak Representati\'e t.i.ssun sampln, not whole organ ot tiuue.,
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S en Representutive tissue sample, not whole organ ox: ti:sue.

g APPENDI! A
e . . T,
' snszp 8271 - ACUTF chbrp «
- = R bPM T " pPM Wwet  pry
. o 141 L-:.113 “weight ‘weight
L : e - Ce __Sn (g) " (a)
-Gastrointestinal Tract . .
" esophagus ' 823148 © 1237 36.9 11.7
reticulum = - 3496389 . 4043  187.5 36 9
Feticular mucosa" Y R 4 : i S
* ‘rumen _ 9642854 ., 13028 670.7 138 5
- rumen mucosa“ L . S 4 R %
| omasum . : - 4170557 : 3234, 1'133.9. 27 4.
el omasal mucosa“' 2 R TS, SIS { vy ¥ L
T abomasame | ¢ o .ovsTa e W00 313818837 7w 0 29129 296.8 - 53 1
4 small intestine - 43769619 44695 © .584.7° - 68.6.
large intestine .. 25062871 - 29587 452.7.) 0 80.7
. Internal Otgans and Glands :
. brain . ' oot 7992558 . 1876515 = 104.4  21.5
T - apinal cord*' . 16378 ’ ~. 49 X - x
w7 . lheart: : 20184820 © - | 19363 254.4 87.3
K - lungs 1936834 ©11096321.  808.1 111.4
-ldver . 1372556 . 54311 940.6 235.%
kidney o . 44355910 86947 125.1 26.1
thyroid . - e 505217 < 322 7.3 ‘1.6
. Pancreas A . '5557533 ., 5870 - 44.8 9.5
‘adrenal 382238 495 . s.8 0.8
gall bladder 155484 . 310 17.7 5.1
. urine_ bladder . X - X k X X :
. . spleen T 6173386 . "9252 104.9 ©.22.7
Othar Tissue and Organs ) ' - ; ) Lot .
e ”a‘ e HuS'c-lav’T'f "’» o e e R ST T " ’
* longissimus dorsi** - 646195 - -"654 ' " '68.8 198
" gluteus maxz.mus“ 277868 327 "77.9: 23.0
‘tricepsts  306455. 327 111.4 - 30.7
dinphram L 1513600 . - 3230 134.1.  41.4
o . midside" S TR 275086 © 667 17 o-~--;5.9._
ST nagalwet c o v t 7 -313866°. - - 3647345 - - S8.7°. . 20.1.
N *lowsr’ front leg*',f' ST 7406 1856 20, .2 8.5
o rae o R T
T subcutaneous**';' o . 157315 . L0211 - 40us. e 2390
SRPEEE R kidney"{  _ . 1215349 72168 - 126.1 53.6 -
radius and ulnas w3232 "'3367 . 32.6 ' 26.3
_ nasal turbinals 230171 - 14987036  .170.3°  74.4
‘oumf ' "7;"_58 e T v
back hooves . S4644 2474 . 96,2 S54.6
front hooves - 18226 . . 1746 . 96.0 .. . 48.6
. ears s 52837 "1393405". 64.2° . 25.4 .
. Additional Measuzements a -
o ’\\syringe right heart -(Sn) o 13223
+ : syringe right heart "(Cé) "1645 LT 0
- . 'syringe carptid artery. (Sn) 0 16906 . '
syringe carotid a:tgzy (Ce) - .. .0 0. -
injectate - o 410834017 469650947
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.. ', APPENDIX ‘
'SHEEP 8279 | ACUTE . 'COLD '
- - DBEM ,DBM Wet ., Dry
141 113 weight weight
A Ce _Sn (g): (g)
' Gastrointestinal Tract \b ) ' -
“esophagus N - 313915 222667 - 25.1° 9.0 - .

reticulum 2884000 2469411 117.0 zs 3 ,

eticular mucosa“ : . . Y .

rumen . 12656137 8906126 573 7 143 1

rumen mucosa" Y Y o N

omasum .- . 8724936 -5548406.  X39.8 26 5

omasal mucosa** Y 2 . Y Y Y

- abomasum . 19267970 12656548 215.7 . 54.9°

_small intestine 33718640 27222713  618.8.  85.4 °

. large intestine ‘19468049 < - 18098538 "427.3 = 75.9 . -
‘Internal Organs and-Glands. - - - ‘ 2

brain X 12194394 12958236  106.7 - 20.1

spinal cordss Y 41902~ 61625 X x

heart £7732113 8167907 ¥R9.0 61.4

lungs B ) 3344587 2803634 6€88.0  112.7 .

liver <. 874106 835974 ' 886.3 210.1 .7

kidney " .- - - 32133510 30531217 139.8 - .27.9

thyroid ' . 2 1742708: 1685488 "10.6 2.3 .

pancreas ‘. - - 9392732 8653339 . 45.5 . 10.7

‘-adrenal 340077 - 360874 - - 2.2 0,7

gall bladder /69908 4aoas-.- ..53.3 © °315

.urine bladder X ) Y SR

spleen: . 3420838 2998009' - 98.2 " 36.3 .

Ot.hex: Tissue and Otgans ‘ o K E .

‘Muscle . : o .
longiasimus dorsi*s - 439458 178115 . 83.9  24.8° o
‘gluteus maxxmus"‘ -439732° .594077 59,7 1T.7 el
triceps** 471362 -966923 . - 92.5 2712

N diaphrm 1546848 1738X73 105.5 . 36.3

Skin - _ i ‘ ' » , ‘

. midside** : 780447 70945 16.8 - - 5.5.
nasal** 424331 321385 49.8 18.9 - -y
lower front leg*' 4230 L3267 15.7 7.9 .

Fat ' - S R

_subcutaneous®® 18887 . 43173 . 16.6 X
kidneyt*. 266504 1180576, *, 71,9~ 66.2

B -_—Bor‘e .' . - - . v B

' radius and ulna** = T 2378 2604 24,6 21.9

nasal turbinals : 1178372,/7' -935482 - 133.9 61,6
¢ ° _-Other LI ) )
back hooves . 12901 . 17402 - 86.8 - 50.4
front_ hooves . 27464 . - 7 37628 76.2. " 43.6
ears 173382 1243014 . S6.8 35.1
T Additional Measurements‘- L i

syringe n.ght heart (Sn) T SR 6663

' syringe right heart (Ce) *"' 4419 0. )

syringe carotid artery (Sn) : 0 2893706 - -

syringe. carotid artery (Ce) . .1843126 .

1njectate _ _ 663555516 722767767 -

- . W Rep'res_ent’ptivéa tissue ~éaxnplé, not,_vhqle.:,d'x_'gan or. tillﬁ\l..
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[ ey ‘. APPENDIX _ _ .
. SHEEP 8274 cunoruc coLo
i ) - .
. "DPM ppu' S Wet . pry
S 14 113 weight  weight -

: e L — -0 @ g
Gastrointestinal Tract - » S RS
{resophlagus. . - T T ggagie L gagie 29.0° - ‘6.8

- reticulum o - , 11912836 - 9216290 ~ 111.2  -16.1 -

.. reticular mucosa" w I . 538 1774 “5.8 - 0:3 -

rumen v A S *“5512669w T 25489419 5336 ° 90.6
- rumen’mucosa*s - S 589 1871 13.9 1.2
... omagum ‘2427647 9080967  117.9 . 17.9
. omasal mucosa"! o 1.1048 -1 71419 ‘4.9 0.1
abomasum . el ® 12423289 " .37482225 307,0 51.5
‘small intestine - . ;2055749a“ 76956129 ' 878.4 - 132.5
large 1ntesc1ne;» 11156616 40556032 374.9 51.0
Internal Organs and Glands ' ) Sl : -
brain 3606276 13749096  92.9 - 18.2

‘spinal cords* ., .. 159538 65987 - . 9.2 1.5
. . heart . .. ... 10470127 . 34707516° . '173.8 . 37.7
i lupgs - 2038373 . 12107354 . 494.2 - 92.7,

" 1iver . %0 903201 39909580 . 930.8 - 224.7.

. kidney o 7500695 . 44904387 134.9 26.4
". thyroid ° 114158, . 571161 7.4, 6.9

_pancreas ' | 2186396 .. 12374709 - '36.3- -~ 7.0
. adrenal ' . ©564060 3242838 ° 7.9 < 0.9 ¢

-gall bladder 40546 ° 244677 . 17.4 1.3

urine bladder 53256 . 488258 24.2 3.5

spleen - G 1561926 | 18619935° 70.3 15.2
Other Tissue and Organs o ' - . o

Huscle . . ] _ e TR ’

longlesimus dorsits 268582 © 356903 “19.8 - 4q .
gluteus maximus**- 275412 529064 ‘v, 19-.8 - 4.3 -
‘triceps** . . - . 410645 629225 " - U15.8 TN i
- diaphras . 3624039 « | 8745451 ~ 182.8 . 40.4
§5£2”1'”,‘ L . .
 midside*®. 87155 261677 . 17.5 5.8
nasal** . o 27108 110000 27.2 7.8
' lower front. leg*"' R AR 4838 22,0 9.7
- subcutaneousks. . i 40054 54419 7.8 3.2
" 'kidney*® . V.. 9525 . 87451 5.8 0.9
‘Bone T : “' | T
" radius and ilnase - ' 2453 127483 " 40.9 .. 26.4°F
-nasal turbinals 515523 13302516 . 168.2 5805
‘back hooves . " 15109 . 35161 64;1  31.7
gxong hoove, 1063 .. 38935 . -78/6." 40, 1
_ .ears. - , 479505 . 2667354 - 66.1 - .21.6"
- _Mditiona : Heaaurements : i » ) o L '
' -yrlnqa right heart (Sn) 0. 55129 Lt e

syringe right heart -(Ce) - : 4022 ‘ A
. ‘syringe carotid artery. (Sn) ° 25‘2225 :

. syringe- carotid art:ety (c;y 1539740 - 0
injectata.. » 401279455 833557451
',_Representative tinue sample, not whole orqm o: tinu‘. E .

. m' § N ,_ . . . v : .

L. - R

}V,“ﬁf ff\
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M S T T S L I - ) B
. L= U : ', . APPENDIX . : -
o « . . .SHEEP 8278  .CHRONIC coLo
- L . . pPM .- : DPH’ Wet ° bry’
: Voo o o lal o113 weight ‘weight.
. L. Ce . Sn o q) (q)
Gastrointestlnal “fract o ‘ . o
esophagus o : - . 894 3612 32,2 . 8.9
{culum N - 12278620 17982193 _ . 150.0 28.9
: . {, retitular mucosa**. . . = . Cee 0413 0 L. 2612 0 3.6, . Q.1
- 20  rumen S TOUWTIU .0 38587999 . . 59334645 . 544.7 . . 124.3.
“rumen mucosa¥* S . 4459 .~ 18871 ‘30.8 4.8
omasum . . , 11326554 16060225 132.5 - 23.4
) omasal mucosa** ] -.186. 2096 4.6 0.4
: /  abomasum . - A 27089462 ‘56348258 185.6 . 39.4
small intestine . ‘ ... 65607677 109057225 . 990.4 21047
large intestine . - ' 36093843 53349193 '430.1  ~ ‘81.0
(:IntefnaI'Organs’éﬁd'Glahds” . . S . E
Y brain DT 266 . 28m 97.3  18.6 '
spinal cordﬁ' . - ’ : - 459 -~ 2741 4.6 . 0‘.9 .
» heart N ©.12204. 39612 . 184.7 52.1
- ‘lungs .. o 119411 . -1346419 T 43.9- 7.4
) ‘ ‘1liver ’ . . .. 3159810 “5638580:° - '919.3 -~ 210.2
- xidney : . - .. 27877883 . . 81559774 149.7 28.4
" thyroid Co o 26 2290 7 . 6.3" 1.8 -
pancreas - o .7 11621519 . 22710709 - 3B.9 . 7.6
adrenal = ¢ © 501310 - . 1087000 5.8 1.0
‘ . gall bladder . R - - ‘122961 - . 226064 7.5 ..0.9
L urine bladder : o : . 94036 © - 275838 22..0 303
e, lpleen S . S 18161935 . 31732483 139.4 39.3
Other Tissue and Organs - L .
Huscle - Lo 1 . B
flongiss1mus dorsik* o S 163130 . 14370§~ 11.6 2.7
D gluteus maximus** . 343062 - 623387 26.9 - 6.4
T © o triceps*t . o L 403 T 2677 ~29.5 . “- 7.1
R " diaphram = - - . 300584 " 1113354 . 66.9 18.7
- ~ Skin _ : _ i o
) 173360 - 373354 . °29.6. - 9.1
1099 . 4129. 39.7 13.7:
‘10588, - ‘3677 38.5 17.2
';ubcaeaneoustif» : . 9670 23129 21.6 . 12.5°
kldnay-- oo .. 40904 233129 . 11,1 7.5
: Bome v e R
. vadius and ulna*s . - 1189 - . 4258. i42.4  28.5
nasal, turbina1, S » 6316 - 19096 ' 112.0 - 48.6
| ‘ '.Other _ EEE A ' - . S
Ce S back-hooves .o . . . '25394 .. 69290  56.5. .28.0
. %7 front hooves. ' .. . C . 2411 . - 4516 . - 74.8 37.8.
| ears .. L 3466 . 4290 - S3.3°  19.5
Additlonal Measurements oo ' . :
i'syringe right hearc (Sn) ._.f Y T Loo-51871
.syringe right heart (Ce) = = - .;“7557 e S
syringe carotid artery: (Smn) AU 03863 31‘19 s
. syringe carotid- [of B
'Lﬁjeciiti rotid artery (Ce) - 616912456 azsosaoss v
e nep;c:entn;i?d‘eissua,shméle,'hOtYwholé.oréin or.tijido;
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