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ABSTRACT

‘The effects of somatostatin 14 (S8§8-14) on homeothermy, i
Zgastrointestinal motility, and plasma hormone and metabolite
"concentrations were studied in acutely (0°C for 120 min). and
“chronically cold-exposed (32~52 days at -0.9°C) sheep.‘In‘addition-
responses to feeding and to an. injection of . $S-14 during chrdnic cold
enposure were determined $s- 1& decreased (P< O 05) oxygen consumption
in both the . thermoneutral (TN) and chronic cold (CC) environments but
"’had no effbct (P> 0.05) on the decreases (P< 0 05) inyhip, 1eg, and
'rectalvtemperatures in response to chronic or Fcute cold exposure
Continuous infusion pf SS-14 (6.7 ng m1n ? kg” 1) bad no effect on
l reticular or duodenal motility during cc erposure SS 14 (8 9 ng
v"mi -1 kg 1) had no effect on duodenal motllity in the acute cold

,experiment while higher doses (18 4 and 37.3 ng min’ -1 kg 1)

decreased (F< 0.05) the duratlon of the MMC. The half e (P<0 05)
os somatostatin was increased in the cold. env1ronment T

; ulting in a

slower turnover rate (P<O OOA) This was offsét by a decrease (P< 0.01)

g

‘in secretion.rate'in cold adapted’sheep,'whiCh resultedéin noJ
differences in basal plasma somatostatin like immunoreact1v1ty (SLI)
across environments A pulse 1nJection of §5-14 increased (P< 0. 05)
free fatty acid concentrations but not glucose Minimal values for
both insulin and glucagon concentratlons occurred 3 min after the pulse
injection of ss-1a, By 30 min postinJectlon insulln (P<0 09) and ‘
'-glucagon values were higher than (P<0 001) the suppressed 5 min sample
Over the entlre day 1nsu11n concentration ‘was hlgher (P< 0 05) in thQ

o ove



) . . - . ) . ] ”/’
TN environment. Feeding had no effect on plasma somatostatin or

g}uoeéon(ooncentrations; but increased insulin and glucose
eoncentretions, and*oecreased free.fat:"acid,and growth hormone
.eoncentrations The decllne in growth ho:?;ne ccnoentration was'larger
in the TN environment élasma growth hormone:

/,

glucagon and insulin

concentrations were: not altered by infusi n of: somatostatin durin

l

either acute or chronic cold eprSure In cbnclusion cold exposure

alters the’ plas?a somatostat1n~k1net1cs and_ may alter- plasma substrate

.

availabilfty for metabolism . R | — ‘
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©.28.8 g kg 1 body weight

..was fed ‘at 28 8 g kg L body weight

.’ . é ] e '  :‘-. 3 .t" ._

»

cold'(CC) envrronment

Parameters of twd-Compcnent exponential,equatibns for‘r
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1
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Feed comp051tion for 18 8% crude protein diet used for
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Feed composrtion for l9 6% crude protein diet used in

‘ the effect of feeding and metabolic clearance\rate
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After preparation for recording;wlambs were left undisturbed for 90
min prior to the start of each experiment at 0900 h. Ten mL’biood
samples were drawn every 30 min starting at 0900 h. Blood sampling

catheter p&tency was maintained between samples with heparinized (401U
v A : o & o . .

mL'l) qa@ine'(O.Q% NaCl) and catheter dead space was cleared by a.3

mL discard prior to each sample. Blqod samples were immediately

L* AN

transferred into 16 x 100 mm glass tubes containing heparin (40 IU

'q-hL'l of blood) and NaF (4% w/v, lS'ﬁL per mL of blood), mixed by
inversion, and kept refrigerated until cencrifuged’forAlE min at 2280 x

g. Aliquots for éométostacin and glucagon contained Trasylol

(aprotinin, Miles Lébq:atories{'Mississauga; dntariq; 500 IU oLl
plasma).
Analytical Techniques: ) . v .

Concentrations of plasma freé fatty acids and glucose were
. decarmined>by enzyme specific kits (acyl CoA synthetase, WAKO Pure
Chemical Indusctry, Dallas,.Tean; glucose oxidase, Sigma Chemical?@b.,
Py s ' : . . . . X e

Mississauga, OnCarid).'Somatostatin-iike immunoréaécivity (SLI),‘*

‘

'

-glgcagon, insulin, AAd'gfowtﬁ hormone cohcentratidns'were determined by

 doub1e aﬁtibodyvrédioimmuﬁoaésay5(gs outlined by Christensén et ;l.; |
(1988), Harris:etval. (1979), and Mears et al,, 61988),
Tfi-iodothyrbﬁine and thyroxine concentrations wé;e determined'by
Coat-a-couﬁc.kits (InCermedico; Markharm, Ontario): Sampleé were
analjzed iq‘a singlg assay fof each of the hormone assays. Intré- and

"’incar-aséay'caeffiqiencs of variation for sdmatoscatiﬁ, glucagbh,
;ihsulin, and gfpdth hormone were 7.0%, 8.9, 8.3; and 10.2%; 11.0%,
ll;li.:lluO%. and 12.3% for samples aVefagiﬁg 0.097, 0@24, 2.19, and

“13.53 ﬁg hL’l; respectively;
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Statistical Analysis: o N

Data for hip, average 1eg, and rectaﬂ%temperatnres. metabolié

I d

vr"‘ .

parameters, and frequency of: retlcular contractisfis were aVeraged

3 v . . . s v
L]

'across preinquLOn and- lnfuslogﬁberxods and were analyzed by analysfs

b

of variance where the main e%%ects were treatment phase Gpreinfusion i
& : . {

vs infusion perlods), envizo nt, and animal as thd#error term'(stnce"'
“?%

-
A ey

group was not 51gn1f1cant) Meﬁn duration and number of, contgpcéionau
‘?! o

within ‘the components of the mlgéﬁt. wmyoeleo&ric comp@ﬁg (MMC) and

TR : .
for the MMCywere tabulated within infu ignop@riaﬁ Duratipn+ number of

s
.,.‘.,

contractlons associat@d with each component ofﬁfhe MMC per MMC, and

frequency of contraction of each‘of the MMC components (mean number of

contractions associated;with each‘component of the MMC/.méan durationb

of MMC),Qere analyzed3by analysis of variance where the main effects
o ‘

(i.e.ftreatmenﬂ/and environment)\wcre tested against main‘effect by

sheep ihteractioh._Treatment by environment interaction was tested

against treatment by environment by §heep. Hormone and metabolite

_concentrations were ‘analyj@ed by analysis “of variance for!. repeated.

‘_\'

measures design with the main effects being treatment, time,

environment, and animal as the erfor term. Means were compared bjf

Student-Newman-Keuls’_multicomparis_n test (Steele and Torrie, 1980).

RESULTS

Rectal and Skin Temperature:

Chronic cold eﬁposure decreased (?<'0.001) both hip and average leg

-skin temperatures, while having no effect on rectal temperature

; ;€(Table'IiI-i). SS-14 had no effect on rectal‘or skin temperatures.

- o ‘ L

.
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Hatabolic Parameters: ' y
Oxygen consumption, carbon diokide'produc%@bn,'respiratory
qugtients, and heat production were similar for tne saline and SS-14
treatment grouos‘during the preinfusion periodmandg with the exception

of'resoiratory quotient, these parameters’decreased (P< 0.05) over the

experimental.recording_period.'Treatment comparisons'were therefore’

made within the period éf infusion Chronic cold exposure increased

(P< 0 05) oxygen consumption carbon dioxide production, and heat

vproduction by 41. 4% 24 8%, and 41 h% respectively (Table III 2).

J

$S-14 infusion decreased (P< O 05) oxygen consumptlon an eat
production by a similar amount in both N and CC env1ronments (4 1% and
3 2% respectively), while SS-14 had no effect on carbon dioxide
pro;uction Respiratory‘quotient was not 51gn1f1cantly affected by
either cold exposure or $S-14 infusion, although respiratory quotient
waa somewhat lower in the CC group. .

Gastrointeetinal Motility:

Frequency of reticular contractions was not significantly altered

wr

by chronic cold exposure 52 vs 59 number of contractions/h TN vs CC,

respectively SEM= 4), or SS-14 infu51on (56 vs 55 number of
: v

contractions/h; saline vs SS, respectively SEM= 0.5).
$S-14 infusion had no effect on either the duration or number of

contractions within an MMC or for any of its components;.Cold exposure

//Tnsreased (P< 0.05) the total number of contractions within an MMC,

- ‘ i)
which was a reflectidn of. a nonsignificant increase in the number of

contractlons associated with ‘both lrregular spiking activ1ty (ISA) and ’
¥

regular splking act1v1ty (RSA).



Hormonalaand Metabolite Concentrations: o

Plasma somacostatxn like lmmunoreacg}VLCy concentracion was

»

elevated prior to 1nfusion for anlmals receiving the SS- 1& treaCment in

the TN environment in comparison to the other‘treatments, due to one

1
i

animal having cencentrations foar times the mean value for any of the
other»animals;,This resulted in e signifieant (P<_0.0S) treatment,
time, treatment by time, and treatment by environmenc by time
interaction. The;reason for‘rhe elevaCed,SLI cencentration is unclear.
After reﬁbyﬁI of thIshanihal fron.che analysis (n-&) SS-14 infusion
lngﬂtased (P< 0.01) plasma SLI concencracion (0,296 vs 0. 341 ng mL” l

§aline vs SS respectlvely, SEM= 12 7) (Figure III -1), -although by the

end of the 1nfusxon perlod plasma SLI concentrations were similar

across all treatments.

Growth hormone concentrations were not affeeted by'SS-IA Infusion
or environmental temperature fFigure'III‘2). ‘

'Plasma insulin_(figdre III-3) and glucagon concentrarions were not
affected by SS-14 infusibn‘orvenvirenmencal temperatnre. However, the
average glucagon concencratlon for the” 330 min blood sample was
.51gn1f1cantly (P< d 007) dlfferent from the 30, 60 120 and 210 min

. samples This was due to an ‘increase in both creatmenCS for the TN

Y

*
environment thus resultlng Ln ‘a creaCment by tlme interaction

' (P< 0.008) for glucagon (F%gure III 4) There was no significant change
. L - L4

il

in insulln glucagon ratlo as’. che resulc of elther environmencal
‘ % T i RN .
temperature or SS- la 1nfusxon (Flgure III 5)

. 43 13

" Plasma concentratlon or free facr/ acrds was 51gnif1cantlj higher
L (P< O OOA) in thq cold eneronmenc (FLgure II1- 6) while theéere was a

< t

"trend (P<0.06)(for glgegse cqncentratlon-co be higher in the cold
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environment'(Figure ITI-7). The effects of‘SS-ia infusion‘on plasma
free fatty acid levels Qgré opposite across the two enéironments, thus
producing'a significant (P< 0.05) environment by treatment interaction
(0.30, 0.33, 0.55, and 0. 48 nM' saline-TN éS-TN saline cc, and SS-CC,
respectively SEM= 0.02). These dlfferences became evident between 90
and 150 min after initiating the infusion (treatment by environment by.
time interactioniB< 0.608) (Figure’III-6). Overall glucose values

decreased (P< 0.05)- by the end of the experimental period, while

® overall glucose rose (P< 0.05) between 30-60 min after initiating the

infusions. The latter was primarily observed in the saline infused

r

. . . N . 3
lambs in the TN environment, although the increase was seen to some

2 sxtent in all treatment by env1ronment comblnations (Flgure III- 7)

§SS 14- infusion had no effect on glucose concentratlon

Overall basal triélodothyronlne (T3) concentration was eie?ated
(P< 0.02) (122.4 vs 86.0 ﬁg aL-l; cc vs 1N, SEM=6.8) .during cold
exposure whereas tnyrox1ne (T,) conc;g;ratlon (10 7 vs 9.5 ug
dL'l, CC vs TN SEM=0. 4) was not 51gn1f1cantly affected (P< 0. 09) by
environment. Overall, T3.and TA plasma concentratlons decreased
. (P< 0.02) during the day and represented a 25% and 6% decrease in T,

and Ta concentratlons respectlvely A SLgnlflcant env1ronmept by -

time iﬁteraction resulced frqn a smaller decllne (P< 0.05) in T3

) concentration across the entire day in cold adapted lambs (Figure

v

I 8) SS 14 infusxon decreased T, concentration across the entire

t»day Ln both_env1ronments, while saline lnfu51on produced . a snall

transient rise for'Ta in the cold and thus resulted in a treatment by

\

time interaction (P< 0.05) (Figure III-9). . {
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DISCUSSION
Somatostatin infusion had no efﬁect on rectal and skin temperature
responses to environmenhtal temperature, even though heat produotion
decreased slightly in both environments. This indicates that on a
_short-term basis the sheep"could maintain their booy temperatﬁre in the
cold despite the 3-4% decrease in metabolic rate. . ¢
IsolatiSh of receptorsifor‘somatostatih,‘chells which release
‘somatostatiﬁ or somatostatinergic neurons hae not been eetAblished In’

SN ,
the ruminoretlculum However exogenous somatostatin at low doses did

not seem to have any effect on the ruminoreticulum suggesting‘that
somatostatin hasi;) direct ‘effect. Barry et al. (1985) also reported
that prolonged contlnuous 1nfusxon somatostatin at physiological doses
has almost no effect on rumen retention‘tlme while somatostatin

.rsignlflcantly increases retentlon time in the abomasal to caecal"

region.

L.

eSométostatin infusion had no effect on the number of contractions
.within a'migreting myoelectric eomplexior the deration of any of the
components of the mlgratlng myoelectrlc complex The work of Barry et
(1985) suggests that the &ynamlcs of dtgesta movement through this
bregion is altered by somatostatin. However, the rate of passage of
digesta is the‘resqlt of severai factors‘iheludihg type and freqUéney
of contraction waves, Viseoelastic properties of chyme, and volome
floxes of the digesta,{Meyers, 1987). Thus the type of diet and
feedlng practices may have lead to different results It'xs also
possxble tnac at the low doses used Ln these studles a longer period
of 1nfu510n is reqolred before the effects are evident on the lower
. . r .
_dlgestive tract.. - :

)
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Somatostatin may have indireet effects on heat oroduction‘and
lthernoregulationbvia the CNS and by inhibitingbperieheral release of
several metabolic hormones. -Within the CNS, somatostatin‘is thought to

inhibit sympathetic outflow from the brain to the adrenal medulla-?nd

thus'reduce epinephrine release (Brown and Fisher, l985). Although it
1is possiblelthat somatostatin.could cross the blood-brain bgﬁrier ’;
within regions of the hypothalamus (Ermlsch et al., 1985), intravenous
infusion of somatostatin probably lndlrectly modifies heat production
by alteration of. metabolic hormonesf=lTh;slhas resultedlln.an

alteration of free fatty'acid moblll%atlon and_dtiliéation at hlgher
doses (Gray et al 19805 - ;hli"fﬁ i:.h,}gt‘.zf;f
Large doses of somatostatrn hare heen.reoorted mo lnhlbrt_TSHv;
Y g

-release from the pltultary,'as weL{ is T&/and T grom‘the therLd o
gland (sae McQuillan 1980) We. found -a dgbreaszig‘bdfh T3‘End ;:;'
Ta levels across the experlmental period although a a:;fiﬁé in T3
was also found 1n the sallne treated groun partlcul;rlnpln the TN

environment. Ihis'may be 1nd1cat1ve %% a- dluﬂnal rhythm for thyr01d

hormoneS'posslbly,in response to the anrea51ng length of -time - after

' L o R
feeding; Howevér; somatostatln inquLoﬁ decreased T& concentratlon in .%
both ennlronments. ﬁarry et al. k1985) also found151mrlar results (i e. g

. . . v , o
the declineuin.I3dconcentratlon was not 51gn1f1cant whlle the 5
decreese,in T, levels-was). This 'is ln:agreement with the finding ‘
that somatpstatln meunoneutrallzatlon increases both basal and cold %

induced TSH release in rats (Ferland et-al. 1976) These flndings

would imply that thyroid hormones may be meortant 1n the decrease in

~

,metabolic_rate. . . Ly
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For the thermoneutral environment the results of this experiment

were similar to Barry et al. (1985) who observed no effect of

somatostatip infusion on growth hormone, insuiin. glucagon; free fatty
acids, and glucose. A similar rise in plasma‘somaﬁostgtin concentration
during infusion was.aLSO obse d, although tﬁe gasai concentrgtidns‘ip
this experiment were was about Sﬂtimes higher.

Chronic coia exppsure increased free fatty acid ievélgﬂwhile there
waSionly a trend for glucose levels to increase.}Plasma gluéose
COﬁcentrations are usually, bgt not always,‘iﬁéregsed during’éold
exposure (Sasaki_aAdJWéékes, 1986) a response yhich may”depené on the

type of‘diét'and level of feed intake (Horton, 1981). Fasting has also

~been shown to alter the relative concgﬁtrations of free fatty acids and

gluéoéé (Karihaloo éC'al., 1970) and could help to éxplain ‘the increase-

in free fatty acid concentrations in the cold environment rather than

. glucose, since our lambs had been without feed for 19-23.h. However,

the respiratory quotient was not significancly'alpered in the cold

environmeﬁﬁ in contrast to the findings of M®Kay et al. (1974). This

 may iﬁdicate'that free fatty acids were not preferentially oxidized,in

the cold environment. - ' —
Basal ‘insulin concentration was not significantly reduced by cold
exposure; an observation that is consistent with findings of Sasaki et

al..(i982), but concrafy to Christensen et al. (1988) and to the more

-generall vobserved response to gold (Sasaki and Weekes, 1986). Cold
generally onse to g <

)
exposure had no significant effect on glucagon concentrations, although

_plasma glucagon concentrations increased in the thermoneutral

environment by the end of the experiment, probably due to increased

time after fegd: Although basal concentrations of these hormones were

‘ . Cor . . 4

'Q?Ff
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not altered;'thisvdoes‘not preclude the possible alteration of the
' <«

metabolic clearance rate or secretion rate of these hormones.
, P .

Plasma growth hormone was not affected by cold exposure. Possibly

. o &
the cold stress was not severe enough, since more severe cold exposure

Ll

" alavates g:dwth hormone concentration in -sheep (Blom et al., 1976) and

cattle (Oisen and Trenkle;#1973).'

* In summary, chronic cold exposure stimulated incredsed‘plasma;free

fatty acid and glucose concentrations to meet increased metabolic

needs, though these changes could not be actriﬁuted}to changesfin

plasma growth ﬁormoné,i;nsulin;'of glucagon concentration. Increasing
N : . .3 .o 5 - Lo

plasma somatostatin concentration by continuous infysion, within the

physioiogical range, decreased‘oxyg§h é6nsdmpcibhAin both environments,

v .

- while having no effegthn;plasma coﬁcentra;ioﬁ'ofwfree fatty acids or

glucose. Body coré and périphe{al“sk;n_Cemperatdres were not altered by

o

gsomatostatin. Neither cold‘exposurggor somapéstatin infusion at low

doses had an effect on eithér reticular or duodenal motility.
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somatostatin-14 (6.7 ng min |
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. Table III-1. Effect of primﬁi c?ntinuous infusion of
g

) on skin and rectal temperaturs

(°C) in five lambs adapted to either thermoneutral (TN) or. chronic
cold (CC) environment.

Experimental Treatmen:

Environment ' ‘ Infusion
Parameter __TN ceC SEM Saline ~_ S§S SEM
.Hip Temperature 35.32 27 P 0.6 32.1  130.9 0.4
Leg Temperature 29.5%  g.3P 3 17.5 18.3 0.9
Rectal Temperature 39.2  38.9 0.3 . 39.2 8.9 0.2
- a,b Means within a parameter and Qithfﬁ an experimental treatment i  
are different (P<-0.05). ¥ T
. - l} i c [N .
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A mejor constraint on animal production in Canada and other

cold temperate regions results from increased energy demands imposed by .

exposure to cold environments. Animals normally maintain blood

. -metabolite.concentrations within-narrow limits ‘since prolonged
deyiations\away from nqual limits hate unfavourable consequences
(Yousef, 1985). However, animals are capabl@ of rapid physiological
biochemical' and behavioural responses to enVironmental'stress, which
‘often result in marked changes in blood concentrations or flux of
‘metabolites used as subsftrates to meet changing energy demands.

vNumerous regulatory:mec anisms mediate the responses to such stressors.

'These mechanisms include chemlcal and physxcal sensors which can

_ orchestrate both neural and hormonal responses capable of altering
metabolism‘and function of several‘organs and tissues. (Szabo and Szabo
1986).

, l: ; In the ‘past 15 years a number of bioactive peptides have

‘been isolated and characterized from regulatory tissues within ‘the

. body. Somatostatin, which is a family of closely related peptides has

received considerable attention because of itspubiquitous nature and
its importance as ‘a chalone, anrinternal-secretion that depressesﬁx

activicy (Reichlin, 1986). Somatos%atin has been found in the central

P A :

nervous system ircluding the hypothalmus, peripheral nervous system,

retina, cerebrospinal fluid, hloodj.thyroid gland,‘pancreas, andA

gastrointestinal'tract'(Dileepan andiﬂagle, 1985). This study‘centers_

on the dynamics of somatostatin-14 and its effects on growth hormone,
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Importance of Somatostatin in Ruminants

Although the emphasis of recent research has been on the role of
somatostatin in human phy5101ogy and pathophysiology, it was flrst.

isolated fro ovine hypothalanii and identified in vitro as an inhibitor

of growth ormone secretion (Brazeau et al., 1973) §ince\then! growth
hormone, insulin, and glucagon'in.Vivo secretory responses’to numerous

secretogagnes haﬁe been shown to be_inhibited.by somatostatin, while

basal growth hormone,‘insulin, glucagon and thyrotropin levels are not .

'consistently affected by;large doses of somatostatin (Brockmanfand

LaarVeId,»lQSS; Davis, 1975), or by physiological doses of somatostatin
(,Sc.husdziarra, 1980' Barry et al., 19‘85). Thi's ir_npiies that
somatostatin acts over a relatively short distance |

Recently, it has been observed that immunoneutralization of

.

somatostatin can improve milk production in mature goats, and'growth

“rate and feed efficiency in growingbeninels (Spencer,‘1987)%11nfonef-

study Laarveld et al. (1986),vnoted a possible interaction between

immunoneutralization of somatostatin and environmental temperature in

" the growth response of lambs. Lambs immnnized'egainst somatostatin
maintained a similar growth rate, while growth rate in the control
animals was reduced during.the-periog of cold exposure. The

Egprovements-in animal production by immunoneutralization of

'

somatostatin has renewed interest in understanding the mechanisms by -

which this hormone controls metabolite flux in ruminants.



.Direct Effects of Somatostatin on Hetabolite Concentretions
Very little empha51s has been placed on the direct effects of
vsomatostatinsgngplasma metabolite concentrations. possibly becauseftne
indirect:(neuropeotide-hormonal:'paracrine, and true hornone) effects
are thouéht to be the prime acute regulators of nutrient flux .
Schusdziarra,'1980; Brockman-and-iaaryeld, 1936).

Several lines:of evidencebsuggest that the prime site of direct
‘ sonatostatin action is on the rate o£ nutrientbentry into the body from
the digestive tract (Scbusdziarra, 1980), which'is released in response
to protein fatey ac1ds, and carbohydrates (Schusdziarra . 1980).
vSomatostatin inhibits exocrine secretions from both the gut and the -
pancreas, including gastric acid, pepsinogen bicarbonate and
'digestive enzymes Secondly, ic alters motor activity, including
inhibition of the. gastric migrating myoelectric complexes. (MMC) while
stimulating intestinal MMC (Yamada 1987).’Finally, somatostatin actsi
on the digestiveitract to reduce absorption rate“of calcium;‘glucose,
'amino-acids, and triglycerides from»the gut, andvalters‘blood flow;
possibly-by'stimulating release of renin (Reichlin; 1986 Yanada;
1987). Somatostatin also affects digestive function'by;suppressing
secretion of all known gut peptides including gastrin, cholecystgyinin
vasoactive intestinal peptide gut glucagon and secretin
I(SchuSdziarra, 1980).»‘

somatostatin may also increase plasma glucose concentration by
eitherAstimulating renal'gluconeogenesis, possibly by increasing
celluiar S inrlux  Dilcepan ind ;ag;e, 1285) . or by:iepressing-
b glucose utilization as seen during cold exposurel(Minaire et.al.,

1981). However, the reduction in glucose utilization‘may have been



-secondaf& ﬁo i;sﬁiin.déficiency (Lowry étAal., 1981). Somatostatin has
" also been shown to pocenciacé epinephri@e-induced lipolysis, but‘it-is‘
”uﬁciearvwhether'thgs is”dﬁevto a direct or indifeét’mpchaniﬁﬁ (Gray et
al., 1980). | A . | )
Indirect Effect of Somatostatin on Metabolite Con;enﬁfatiqns: o
‘Intermédiary metYbolism and substrate sﬁpplj may<be altered by
somacoscaciﬁ»through its-effécts,on pancréatic{ ;hyfoid,‘and pltuitary
hormones.'The.most'consisteﬁtteffecﬁ‘of somatostatin is on glucagon
‘”secretion, where it inhibits not only basal secretion (Brockman and
Greef, 1980), but also secretory respoﬁses to propio;ate, arginine -
j(Brjcé et‘alﬂ, 1975), and exqrcise'{Brockmén; 1979){'The majér funqtion ,
ofvglucagon is to scimuiate hepati¢ glﬁconeogenesis, ﬁtimarily from
‘ aléﬁine, and glycogeqolysis‘(Szabo and Szabo, i987)}ﬂwﬁile héViné'Very
litcle effec; on ﬁhe feléa;g of'glucogenic,égecugéﬁrs from>muscle And
adipésa cissue'kChefringCOn_and Vréniéw 198%).’ .' |
"‘B;§al insplin secrétion_hasvnoc beet, consigtently inhibitea by
somﬁtosgatin (Brockﬁén.apd Laarvéld,v1986); while somatostatin has been
qund-to.Suppress the‘secretory ;esponSé'to bfqﬁiqnate,’gluqbsg,
,arg;niné; and ngCagon (nyce et al.,vi§75), Sﬁppfessio# of insulin
cbncehtfation favours ﬁhe release'df glﬁcogénic pfe;drso;s from muscle
and the rgleasé.df’free fééthaciAS and glyceroi from adipose.tissué,
The free fatty acids mﬁy be oxidized and ﬁheigiucogenic>sﬁbStrates
.cransported.to the livef Qhére they'are:cohvertéd to glgcose by

' 1ncrea§ed gluconeogenesis (Cherrington and Vranic, 1986).



The principal effect of thyroid hormones is to increasd the
metabolic act1v1ties of most tissues of the body, while increasing
‘substrate availability bylenhanCLng glucose and free fatty acid uptakev
byjcells:v;ncreasing glycogenolysisfand;gluCOneo nesis; stimulating
lipblysis; and-increasing rate of'ahsorptioq‘from‘t e gastrointestinel
tract (Gnyton, 1977). Somatostatin inhibits the releasea ofothyr'io
stimnlating,hormone fron the pituitary (6avis,'l97$) and
physiological doses results in reduced tri-iodothyronine’and thyroxine
-concentrations (Barry et‘al., 1985). “
| Intravenous infusion of somatostatin has . ‘not been shown tovdecreASe.
basal growth hormone secretion in adult sheep (Bryce et'al T9s8s;

Davis, 1975), although it does reduce the growth hormone response due
to propionate, arginine, ‘and glucose'(&ryce et al., 1975).
Environmental'Temperatnre and“éomatostatin.Release:

‘ Very little work‘has'been‘done'to examine the effects of thermal
[ .. .
stress on plasma somatostatin concentratlons or secretion rates in
rumlnants; Durlng mlld heat exposure plasma somatostatin concentration‘
lncreasediln sheep. (Falchney and Barry, 1986) and the increase was.
’ associated wlth a negatlve effect an the blood concentratfon of several
: ’ :

metaboiic hormones. It could be postulated that cold exposure woulc,
"~ have the‘opposite‘effect' i.e. decrease plasma somatostetin
concentration or somatostatln secretion. As nentioned previously,'
.LaarVeld et al. (1986) noted a possible interaction betﬁeen growth rate
of lambs immunized against somatostatin and acute cold eipoture, in h
snich immunized lambs concinued to gain werght move\rap;dly.than

~

controls during cold stress. Somatostatin would be expected to suppress

AN

'm
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the metabolic rate of animals. IhLS'could‘be ootencially beneficial in
a werm:environmenc, but decrimental in a cold environment where a
higher metabolic rate would favour‘surv1val and perhaps growth
Prolonged severe cold exposure has been shown to increase thyroid
hor;;hes (Kennedy et al., 1985), catecholamines (Christopherson et al.,\\\.

~—1978), and growth hornone (Blom et all,_l9?6),,and increase thevv' . .f;/;
frequency of recicnlar:contraction and che race of-passage of digesca ,
in sheep (see Kennedy et al.: 1985)u The'fact that many-oflthese | »,- g
variables are. inhibited by somatostatin in a thermoneutral env1ronment°”
(Schusdziarra, 1980) would be consistenc with the suggestion that |
somatostatin levels in the blood may_be reduced by cold exposure.
Contrary to this idea are the.obseryations'that basal insulin levels
are either not affecced (Sasaki et al., 19825'or decreased (Sa%aki; et
al., l982; Christophefson and Thompson,»l983) by coldbexposnre.'and_i
Jthattche-effects of_cold exposure‘on glucagon seEféciéﬁ'ar; eyen‘less_
| clear cnt (see.Sasaki and Weekés 198o). Secondly, somatostatin rélease
has been shown to be stlmulated by elevated plasma levels of glucose,
fatty acids. end amino acids (Schusd21arra 1980) whlch could occur
'during cold'exposure (Alexander,—l979).-Thirdly, in che hypothalamns,
the activity of peptidase enzymes\which degradevsomatostatin have been
Vfound ;o‘increase during hypochyroidism,_a:response'which can be
reversed by'therXine adminiscration'(Dupont‘ec al.,/l978): lfvthe same.
holds crue for pept}dases thhln the blood then Cold;induced.elevation

of thyroid ac ivity might decrease the clearance rate of somatostatin

.

This wouid Iincipease plasma somacoscatin concencrationfunless secrecion

rate was dalso raduced.
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In view of increased.plasna.grOWth hormoneiand thyroid -hormone

'hconcentrationsrwhich have been observed in response to cold exposure,
.it seems likely‘that plasma somatostatin levels in the
hypophyseal portal blood stream “would be reduced However. this may not
result in a reduction in‘peripheral plasma somatostatin levels because
vsomatostatin_releasednfrom nerve.endingst the pancreas‘.and the-
Vdigestive tract could be stimulated. by increased neural activity,
elevation of plasma metaboﬂite concentrations increased‘paSsage rate
of digesta in'the gastrointestinal,tract,_or by reducing the v
degradation»rate of somatostatin.in the plasma. Therefore in the
iabsence of direct experimental observations, it is difficult ‘to predict
“the direction and extent of change (1f any) in somatostatin release and
"blood concentracions_in respdnse to cold environmental temperature
exposure.‘ r\\
The overall objectives of this study were; .
1. to determine the effect of exposure to coldxenyironments'on
plasma concentration of somatostatinJand:thejrelationship.to‘,_i

. v
A ]

concentratlons of other major_metabolic hormones and

metabolites in sheep IR
2. ‘to assess the,thsiblogical responsiveness to exogenous

somatostatin in sheep exposed to thermoneutral and cold .
‘environments. The physiological responsiveness was assessed in
terms of plasma hormone and metabolite cohcentrations,' .

- ) ' @

gastrointestinal motility, metabolic rate, and body

temperaturs.



3.- to determine the effect of.énvironmental-temﬁer#tﬁre pﬁ
@etabolic élearance-and turnover rate of”plasm§ ;omatosﬁatin
in-sheepﬂ -

Threé experimenes, one involwing acute (3 h) ¢old expﬁsuré; ;nd‘cwo"
1qv§1ying’chr;nic (= & wk) cold expésgre, wergfconductgd in'an

attempt to achieve the above objectives.
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II. GASTROINTESTINAL HOTiLITY AND PLASMA HO#HONE AﬁD METABOLITE
RESPONSES .-TO ACUTE COLD STRESS AND &ARIOUS,DOSES OF SOMATOSTATIN-14.
| INTRODUCTION | |

‘Animals rely on peripheral vasomotor responses, beﬁhvioral and-
posturai mbdifiqations, substrate mbbilizatiqn.-increaséd metabolism,
digestivé_resﬁonses;'aﬁd ultimately increased‘feed intake to ovefcéme
the effects'of cold stress. .These modifications-pfesumabiy result from
altered neural and hormonal éctiyity. Somataggacin,'a tetradécapepcide,
which‘is recognized as a neuromodulator, néurotransmittef,
neurohermone, endqcriné ﬁormonéﬂ as well as a paracrine hormone,
(Reichlin, 1983) may'aICer the reéponse té stress. 'immmunoneutralf
izétion df somatoscatin has ;omeciges fesulted‘in increééed gfowﬁh
';aﬁeé and imﬁréved feed efficiency in animals (see‘SpedCQr, 1987 for
reﬁiéw)i waevér, in ;,redent Study (Laérﬁeld.et al., 1986) the grdwtﬁ
advantage in lambs immunized against sométoscatin‘was only evident
 during the coldest.peridd of winter, suggesting an interaction wich -
céld_stress. |

Iﬁe endocrine organs having major effecﬁs dufing acute‘cold étress
are.zhe anterior'pitﬁitary, the pancreas, -and the édrenal glands
(Bropkmaﬁ, 1986) . Somaﬁostatin,.ac physiolbgicél‘doses,.often has no
‘effeét on bésal insulin»(Broekman,-1979), gfowth hormone (Davis 1975);
or thytocropin.(TSH) (Davis, l975)-secrecioﬁ, but réducés‘their
secretory responsesxto various stimuli in both nonruminants and
%umiﬁanﬁs'(Schusdziarra aﬁdts;hmid, 1987;fBrdckman and Laarveld,
1986). Onm the ocher hand,;the'glucagon'responses to variousiscimuli,

as weil as its basal secretion, are decreased (Brockman and Laarvelid,
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1986); Therefore, somatostatin may. diminish stress;inducediresoonses of
~ many of the metabolic hormones;- ¥

‘Somatostatin inhibits'gastrointestinal motility in numerous species
(Schusdziarra, 1980) Prolonged infusion.of somatostatin did not
'influence mean rumen retention time of liquid or particulate digesta
markers in.sheep, although there was a SLgnlflcant increase in mean
retention‘time:in the postruninal digestive tract’tBarry et ai., 1985).
:However contradictory to the latter study, pa551ve immunoneutral-
ization of somatostatin also prolonged digesta retention time in lambs
(Fadlalla et'al. 1985). SinCe there is conflicting evidence for a role
of somatostatin in regulatlng'dlgesta passage rate in ruminants; and
‘since there is an increase in passage rate of dlgesta and reduced
digestibility of feed associated with cold stress (see Kennedy et al.,
1986),.it was of interest to determine whetﬁer somatoetatin might
modify the rate of contractionAof either the ruminoreticulum or the
duodenumdin.éheeo during cold exposure. |

-The objectives of this study were. to determine the effects of
primed continuous infusions of'sonatostatin on gastrointestinal
notility, peripheral and core temperatures,vand hormonal‘and‘metabolite
concent;ations during acute coid stress in,eheep.-
| MATERIALS AND METHODS. - ¢
Animals and Their Managementt | |

;vThree‘crossbred ewe lambe (39.8, l 8 kg body welght (BW)) w1th

‘ruminal and duodenal cannulae. were housed in metabollc crates ln

controiled environmental cnambers. lhey were fea once aaily at 1000 h

at 90% ad libitum. The diet comsisted of a 20.4% crude protein
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bafley:soybgan diet;'Supplemented'wich vitaﬁin'A, D, E and limestone
(Appendix Tay}e~1), and w#s fed at a ratg-ofb25.6<g oM a1 kg'l
body weight (BW).‘Lambs were shorn biweekly;‘One week prior to

‘.expéfiment sheep were accustomed ﬁo the experimentai recording.-
procedures. Expérimental measurements were simultaneously catrie& out
ontﬁ§o lambs each d#y over a period of six days'énd treatmﬁﬁts were

‘ ,
given‘in a Youdeﬁbsquare design with each lamb receiving each
tregtdent. |
ﬁkperimental Proﬁocol:
Sixteen h prior cé the first ekperimeﬁtal period a chronic -
indwelling»pdlyQinyl chlqride tubing_(l.éB mm ID,lArgyle,'ét. Loui&,

‘JMu.) wasjinserted inﬁo eaéh external jugular veiﬁ‘and filled with

physiological saline solution containing heparin (106‘iU mL"l)y. one
: . a .

catheter was used for blood sampling and the ocher for infusion. Skin
L ] : L : e .
% .

temperatufe was recorded using copper ‘constantan type T thermocouples
. i , .

(Thermq Electric,yﬁdmontoh) adhered to é éloseiy shgared patch of skiﬁ
with a 4 x & cm? surgical tape patch and cdncac; cement. One
thermocouple‘was placed dve: the biceps femoris'muscle; wﬁile the
secoﬁd was placed on the lateral sﬁfface of the lég (in the holloh
between the métatarsal bone_;nd flexor\éigitorium brevis) 15 cm
inferior to the hoék;,Lambs were then placed'in tﬁe environmental
‘chambervovernighcvwitﬂﬁaccess to yaﬁer, cobalt iodized sal£> énd thelir
'da;ly allotment of feed. ﬁ |

Two’h prior to the start of thé expe;imenﬁ animals were placed in
the respiration hoods, and-skin :hérmocouples and che copper constantan

rectal thermocouple were connectid to an Apple II ‘plus computer and a

DT100 datataker (Dycor Industrial Research, Edmonton), although dﬁg to
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'technical problems with the calorimetry equipment, calcubetions onv .
respired gases have not been -included. Polyvinylrchloride open-tipped
catheters'(l.68.mm ID) ‘were inserted-into the duodenum and reticulum
via duodenal and.ruminal cennulee respectively A small weight
fastened to the tip of thetreticular catheter kept it from becoming
displaced from the reticulum. The reticular and duodenal catheter
_patency was maintained by contlnuous infusion of distilled-water at 0.5
mL min~l. Reticular and duodenal contractions were simultaneously
monitored continuouély by a pair of inline P23 Series pressure
transducer (Gould Instruments. Inc. Hato Rey, Puerto Rico), amplified
and charted by a Beckman R 612 Dynograph Recorder (Electronlc
Instruments,Division,vScniller Park, Illin01s). Reticular and duodenal
spiking activity was manually tabulated,; !

Following preparationm, lambs were allowed’approximately 90 min -
withqut disturbance prior to the start. of eXperimentel recording at
10900 h. At 1000 h a primed continuous infusion. of somatostatin;la
(ss-14) (8.9, 18.&,lor 37.3,ng,~min'l kg'l BW) or saline control was‘

; initiated'ena l;sted for 300 min. The priming doses were 0.46, 0.8é,
 and 1.39‘pg kg'l; respectively,'and were .given to‘shorten‘the

length of -time required to establishedvthe new somatostatin levels. One
hour after initiation of Ss-l4 or‘ealine infusions the environmental -
chamoer uas cooled from 20 2.2 C to 0 * 2°C within 36 min, and was
‘maintained at this'temperature>for 2 h, before rapidly reuerming
(within 30 min).lBy the end'of the 30 min.warming period.the room
temperetureraluays exceeded l6°C. Continuocus inrfusions were cerminated

1 h later .and lambs ‘were monitored for a further 30 min.
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Ten mL blood samples ‘were drawn every 30 min starting at 0900 h. No

attempt was made to return the red blood cells after separation of

plasma Catheters were: kept patent with heparinized (40 IU mL'l)

L

v

saline (O. 9% NaCl) and catheter dead space was cleared by a 3 mL
dis;ard prior to e!ch sample Blood samples wera immediately
transferred to 16 X 100 mm glass tubes containing heparin (12 IU mL"1
of blood) and NaF (4% w/v 15 pL per mL of blood), mixad by
1nversion, and kept on.ice until centrifuged at A?C for 15 min at 2280
v;\g vAliquots of plasma were frozen at “20°C until analyzed. The

aliquot for somatostatin and glucagon contained»Trasylol (aprotinin,

Miles Laboratories Mlssassauga Ontario, 500 IU mL~ -1 plasma)

: Analytical Techniques

o Concentrations of free fatty acids and glucose were determinedlby’_
enzyme specific kits (acyl CoA synthetase WAKO Pure Chemical Industry,
Dallas, lexas glucose oxidaSeK,SLgma Chemical Co., Mississauga, J
Ontario); Somatbstatln;like‘immunoreactiyity (SLI);'glucagon, insulin,
and'growtn hormone concentrations were determined by double antibody
radioimmunoassays as outlined by Christensen et al;, (1988)(‘Harris,et'
al., (1979), andrMears et al., (1988). |

étatistical Analysis:
| ‘ Hormone data were lnltlally plotted for 30 min intervals, and since
prelimlnary lnspectlon suggested there were no snort term effects
blood samples were aggregated into 8 timeslots: preinfusion. (0, 30, -GQ
min).; infusion in thermoneutral (IN) environment (90, 120 min) ; at-end
of cooling phase (150 minl; during the'first nour of -cold (l80, 210
min); during the second hour of cold (240, 27C min); 30 min after

‘starting rewarming chamber (300 min) ; infusion in the postcold period
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(330. 366 mln); and postinfusion (390 min) pfior to analysis>of‘

: @ 4
variance. Mean rectal and ékin temperatures werevaVeraEEK"for the same
.tim;BlOts as;blood Samplés. Reticularsmotility was. tabulated for each
timeslot, éXcépt,the cboling and rewarﬁing ;iméslots, whére incré#gedl
sﬁeép mdQemeﬁt'arﬁiﬁfctsuobs;ured the motility records. To a;éess the

_effeét §§.§omatostatin on miérétihg the myoelectric‘complex (MMC) and
.'”ics components, Spi%ing activity‘yas Cabﬁlate& across éhé gptire day
and,was"averaggd to obtain a mean dura;ion and number of contractions
per MMC.‘Data.wgs analyzed by analysis of variaﬁce for'a repeated
mé{éﬁiég,design. The ﬁoéél included the main effects of infusiqn\
treatment, timéslot, and ;rea;ment by timeslot with sheequeing'a‘
random factor; Meéns Qere compared by Student-Neuman-Kéuls' |

multicoﬁparison test (SCeelé and Torrie, 1980).
resBLTs

Regtal and Skin Temperatures:

Two h of i:ldvexﬁosure decreased (P< 0705) mean rectal Cemperatﬁre
- (39.6 vs 38.9°C, SEM= 0.1), 'hip temperaturé'(32.7 vs 22.4°C, SEM= O.l),
‘and leg‘témperaturé (29.4 vs ll.3°C,‘SEM- 1.0). Rectal ﬁemperatﬁré
remained depressed even after rewarming, whileihip.temperature returned
to precold values (31LS°C5 within 2 ﬁ. A largér decline in leg |
'ﬁehpéféture at the 8.9 ng mi:'Ln'lkg'l BW dose of Séflh, when
cémpared-to eifher saline or two highesﬁ doses of SS-14 foliowed by a
siowef postcdid recovery, lead'gg a significant (P< 0.65) tredtment by
time interactjon. SS-14 infﬁsion.h;d ﬁo effects on hip or rectal

lemperature.
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Gastrointestinél Motility:
'Frequency'éf fetigular contractions were expressed as a chhnge from
. the preinfa;ion_péfiod,'since p;einfusion vaiues were variable across
.tfeatménts (43, S1, 36 and 40 conéfact;ons h'l for saline, S§-8.9,
$S-18.4, and SS-37.3; respectively). Reticular motility was not
, affected by SS-14, CoId-s#ress ;ransiéncly, but significantly
(P< 6;001) incregsed,reticular motility across all treatments ddring
the firstihour, while rgwarming dec;eased (P<'0.061) reticular mocil}ty
(Figure II-1). ‘ '

SS-14 decreased (P< 0.05) the duraﬁion-of iréegular,spiking
activity at higher doses of SS-14 (SS5-18.4 and S$S-37.3) (Iable-II-l),
.and resulted in ;'decreage (P< 0.02) ;m'the durationlofvthe.entire MMC.

._Howevgr, §s-14 had no effect on the number of contractions associated
with any of the components of the MMC or the total number of
contractions &itﬁin thg MMC (Table II-1). B ‘ o L

The priming injecé;on at all doses of $S-14 induced an ecﬁopic
burst of spiking activity within 15 min;in 7 of 9 triéls; whereas’n§
such responses sere'observed in the galine treated aﬁihéls.

Hormonal and Metab;lité Profiies: | ’
Continuous iﬁfusion of SS-14 produced mean plasma SLI
;concenﬁratidns &hich weféleO%,#246%; and 396% of ﬁhe prei?fdston |
Valués: SLI concenﬁratians‘overiche entire infu§ioﬁ,period were on -
avérage 0.277, O.&éj, g.77l,Aaﬁd 15654 ng mL'l for.saliné, SS-8.9,
SS-lBlA, and 53-37.3 treatmenc§, respectively. Acu;e cold stress had ﬁo

effect on plasma SLI concencraﬁions (Figure 1I-2),
. . » o
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dverall mean plasma insulin eoncentrations were not. affected by
5s-14 infusion although'there was a trend (P< 0.06),for a treatment by . .
‘timeslot interaction This was pr*marily due. to a larger increase in
insulin values for saline.and lowest dose of 5S-14 during ‘the 1n1t1a1
90 min of cald exposure (Figure II 3) Across treatments, this resulted
'in a higher (P< 0.007) insulin concentratlon during the first h of cold
exposure than for any of the TN timeslots (1.48 vs 0.96, 0.90, and 0.85
ng mL'li‘SEM- 0.11, initial‘h of cold_vs precold infusion, rewarming,
and reﬁarmed‘periods, respectiwely). Plasma glucagon.concentration was
not influenced by SSFIA}infusioh or acute cold stress, although(there
was a\significant (P< OL63) treatment by timeslotzinteraotion (i.e.
glucagon conCentration increased during the 'initial 90 min of cold
exposure_in the:saline treatment showed a delayed response at the
~ lowest dose‘of:SS;l&»and did not inerease at the ‘two higher doses of
SS-l&) (Figure IIrA). lnsulinrglucagon ratios were not differenc-acrOSs
treatments, althoogh mean’values across treatments increased (P<0.005)
, Quring'the’initial 90 min oﬁ eolo exposure. ”

Mean preinfusion growth hormone concentrations across treatments
‘ranged from 6.0 to 7. 2 ng mL l, were slightly suppressed (28.5%)
'during initial cold e!posure and increased SLgnificantly\§P<O 005)
prior to the end of the experiment.vss-la 1nfusion dlnin;}hed the rise
in'p:owth‘hormone concentration‘during the rewarmingbphase, although‘ |
this was not significant (Fignre II-5)." |

.The highest oose of Sésla elevated (B< 0.04) plasma glucose

concentration (76.9, 73.7, 77,5, vs 33.9 ag dL T, aaline, aS 8 9
‘% §S-18.4," vs §5-37.3, SEM= 1. 6),, while lower doses- of ss- -l4 had smaller

‘affects. SS-14 inﬁuSion at the twolhighest.doses increased (P< 0.03)
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plasma gluCOse concentration prior to cooling and during inicial 90 minv‘
of cold exposure, while glucose concencration decreased slightly in the
saline treatment resulting in a creatment by timeslot interaction
(P< 0 03) (Figure II 6) | ~

Cold stress increased (P; 0. OOl) mean plasma F?A'concentrationS'
across treatments; espec1ally at the two highest doses of SS- 14
(Figure 1I-7). Upon_rewarming, FFA levels returned towards thev
preinfusion‘values.‘Thus} differences\in the respohse to cold exoosure_il
during SS-14 resulted in avsigniiicanc (P< 0.05) treatment’by timeslot
Iinteractidn. Meen\plasma FFA'concencrations across ti;eslqts, wheh
expressedras a change fromvchevinitial concentration, were 0.067,
- 0.027, 0.205, ‘and 0.208‘mM for the saline, SS-8. 9> S§S-18. L> and §S-37. j
 treatments ‘respectively, which were not SLgnificancly (P=0.13,
SEM- 0.06) different.

DISCUQSloy

The ‘prime site of somatostatin actio; in the:gascroinrestinel tfact._‘
in.this stgdy.was_in:the‘duodenum.4Asiseen.in-orher species including
.dogs and"pumans (Hosteih et al., 1984), the priming dose of
.somatostatin induced,ecto ic contractile‘actiQity in the duodenum. This
may indicate either a:digzc or indirect effect of; somatostatin o.n:
duodenal. spiking ectivity.

Our results indicate that at twice the infdsionldose rate of Barry
et al., (l985),esomacostacin Had‘no effect oh ei:hervthe duratioc or:
the puﬁbervof'conﬁractions withiﬁ a MMC, but at four times the dose

R = : < :
somatostatinvcould decrease the duration of MMC by decreasing the

duration of ISA. The flow rare ofedigesta‘through the duodenum is

closely associated with ISA contractions; - since flow_of digesta ceases



22
ddring tne pe;iods,beNSA and RSA‘(Rucﬁebnsch,_l§88), This suggeste
thet at the higherddbses-ef somatostatin,.tﬁé‘rece_of fiow of digesta
through the duedenum was increased. Hewever, Barry et al.'(1985)'found

an increase in mean retentlon time in the post- ruminal segments of the

digestive tract and an accumulatlon of\dlgesta in the abomasum and

P 'i

caecal regions. The reasbn—forvthe_differences'a;e unclearl but'mayv
result from inhibition 6£ digesta nevement'fron the abomasum'inte the
duodenpmbbf inhibit}en ef antgalvnotility kRuekebusch‘and Merritt,
1985)..Thns, somatoetatin’mayf;educetthe rate ef passage of digesta '
from the abomasnm inte the duodenum, but the results of the present
stndy weuld suggest that once .the digeeta is in the duodenump |
'somatostatin may increasevpassage rate of digesta out of the'smell
“'{ntestine. Further‘wofk needs‘te ee done te eonfirm tnis posSitlev

’

“relatienship.

| The coldklnduced increase in reticular motlllty in this study was
smaller than has been prevxouely shonn durlng boch chtonlc ‘and |
'Tkshort-term'cold enposu;e ln_sheep end cattle given restricted
quentities of feed (see Kennedy et al;,‘l986).?Thie mey_ﬁeQe been a
result of the pelleted high concentrate diet fed in the present
exneriment or to- the short duratlon of cold exposure ‘Thls type of diet
would lead to lower tactlle ;tlmgletlon of mechanoreceptors‘and since’
-faed was‘withheld fdf 17-23 hours in these lambs, there could%pe
- reduced stimul;tion of both mechanorecepcoté end chemorecepters; thue.
leading to e sluggfsh'vagofvegai reflex (Ruekebusch, 1988).

The wo 11gnest dose_ 9{ omatoetat 0 increased gLucose

concantrations prior co and éﬁgjhg the - lnltlal cold exposure< ‘This wae
.~assoc13ted with lltt}éﬁgggwge in both insulin and glucagon '

qaﬁ
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concentrations. Somatostatin nay.affect substrate mobilizetion or
reduce substrate utlllzatlon by tissues.and thus alter plasmai
' concentration of glucose Slnce somatostatin has been shown to have no
effect on hepatic eplnephrine-stimulated glycogenolysis in vitro
:(bliver and Wagle, 1975), it is‘unlikely that,the increase in glucose
.was through this mechanism. Glucose utllizatlon has been inhibited by )
'somatostatln inrdogs eLther dlrectly as seen in cold stressed dogs

(Minaire et al. 1981) or indirectly by elevated free fatty acid
concentratrons reducing glucose utllizatlon (Hendrick et al 1987)2‘
At the higher,doses of somatostatin : the free fatty acid response
was enhanced duringracute cold stress while only a small effect was_..
seen prior to or following cold exposure. This increase may have been
due. to a contrnuous gradual’1ncreasi'resulting from the.somatostatin
infusion, but~nost.likely resulted from an enhancement of:the free
vfatty acid response duringgcold.stress. Gray et al. (1979) have'shown
-that, in dégé; soéatostatin enhanced the epinephrrne-stimulated free-
fatty acidfrelease, unereas in 7-day fasted dogs somatostatin inhibited
free fatty ac1d releaSe (Hendrick et al. 19875 Since an eoineohrine
and noreplnephrlne response to cOld exposure.would be expected
(Chrlstopherson et al., l978),_the present results are. consistent with
‘the findings of‘dray,et_al. (1979)-. fnus, on a_short-term oasis
@sonatostatin may enhance the effects:of other hormones to.provide a
readflyvavailable pool of substrates to oyercome an fmmediate stress.
Acute cold.exposure'had no effect on glucose concentration while
1t stlmulated only a small increase an‘ree fattf acid concentrations

for the control treetment Jhereas other studles have shown‘significant

'elevationsv(Alexander[ 1929)}'These differences-may be due to the - -



24
duration and severity of the cold éxposure or to thg t&pé of‘aiets fed.
"The absence of significant-response_to_acuté.colq stress”may have been.
due to an in%tial capacity of ﬁhe animal ®o méin;éin;ﬁqmeos;asis by =
other mechanisms such as redgciné blood flow to thelﬁeripheral‘gSAy
‘;iSSues,.or by.allowiné bo@y core temperature to decline moderately
(Horton,11981). A.longer'and more severe céld‘exposure may have caused
a greaﬁer inéreéselin métaboiitg cdncen;rationﬁ. - }_

- Gtowth‘hormoné-Was not affectéd_by‘gﬁgte cold stress but;increased‘
dﬁfihg rewdrﬁing.fThéilaCR of reséonse co the cold énviroﬁment is
consistent Qith Egsults seen in lagtating goats (Faulkner gt al.,
1§80). mice (Muliéf”et*ﬁi;, 19715, anestheﬁized monkeys
(Colsteinicogaire_et al., 19755, and humans (Glick, 1968). Rewarming!
als; increaééd blasma gro&th Eormone qdncenﬁration in -humans (Okada et
~al., 1976). The reasoﬁvfof chis increase‘éftér‘rewarmi#g is unélearu
VHHerVér,‘a more severe and‘érolongedjéold exposufevhaS increased gfowth
hormone c06centra;i0ﬁ in cattle (Olsen and_Trenkle, 1973), énd shgepv
 (31om et al.;11916), Regardlésé.of che reason fér'tbe.risefiﬁ growth
hormone coﬁcentration after cold exposure, soﬁatostatin.appea:ed to
'dampen thé rate of increase duringvrewarmiﬁg:’This égfees with the
cqnceéc that somatostatin inhibits che'sécretory résponse of growtﬁ-
horﬁoﬁe. but no%:?asél levéls (Brockman .and Laaryeld, 1986);
Reports in ;hevliteratu;e‘on:che effeccé of #cute cold'éxposurébon
inéﬁlin sécregion have.béenjspmewhat yafiable (Séﬁaki aﬁd‘Weekes,
1986) . Our résulcsvdid nocﬂclarify'ﬁhié siﬁce, in oﬁr shéep. insulin
.“concen racioﬁ.incfeased, while glucagon did not chaﬁge iﬁ response co

osure. 'Unge; (1971) has sﬁgges;éd that insulin:giucagon ratio

gives an Indication of the need for increased endogenous glucose
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production. One might expect to see.a reduced insulin:glucagén ratio
in a cold envir;nment in order to §Qpport a‘higher rgte of endogeﬁous
glucose prodﬁction. ‘H0wevér, ouf'détg for sheep-démons;rated a
transient.iﬁcrease in this parameter during aéuté cold.exposure, a
résul;‘chac is:nog cpnsistenc with Unger’s:suggescion;

‘In concluéion;vrecicﬁlar mo;ility does ndt»seéﬁ ﬁo bq'affecced byi
somatostatin infugion, whgreas'the duracion of duodenal migrating
myoelectrical.cbmplex is reduced. Sbmatostacin; at vefy low doses,
increases basal free fatty,acid'levels and enhénces’eold-induced
inc;eases in free fatty acid concentration, while only ﬁigﬁ'doses
incrpasédﬁglucose conceﬁtration. The 2 h’cqldvekpqsure had licﬁlé
effect on plasma ins#lin orvgiucagon concentraéion; possibly‘becauSG
the cold stress Waébtoo short in dﬁration or‘not;seﬁefe”enougb.
Somatostatin did‘not alter the decrease in féctal‘qr skin temperatﬁré

SN e
during acute cold stress.
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-Table II-1. Effect of primed continuous inﬁuiion if
somatostatin-14 (8.9, 18.4, and 37.3 ng min™* kg~ ") on the
number of contractions associated with irregular spiking activity °
(ISA) and regular spiking activity (RSA) and the duration of ISA,
'RSA, nonspiking activity (NSA) within a migrating myoelectric
complex (MMC), and for the entire MMC in' three acutely (2 h)
cold-exposed lambs. ' '

P

Experimental Treatmen;

~

Saline $5-8.9 SS-18.4°  $S-37.3  SEM

Number of contractions/MMC:

' During ISA ©51.1 67.6 ©38.3 26.5 . 18.5
During RSA 18.5  16.7 C14.3 19.6 2.3
Total 69.6 843 52.6 . 46.1 19.0

- Duration (Min) :

1sa ¢ 68.92 79.43 46.8" 39.1b 4.5
RSA 5.0 D43 3.9 3.9 0.7
NSA 8.9 5.8 47 s 0.6
e 82.8% - g9.5%- 55 ugg® 4.9

a,b Means within the same row with different subécripﬁs are different
(P< 0.05). ‘ ' '

.

&



Figure II-1. Effect of primed continuous infusion_ of
. somatostatin-14 (8.9, 18.4, and 37.3 ng.min " kg ~) on reticular
motility in three acutely (2 h) cold stressed lambs. Somatostatin
infusion was initiated at 60 min and terminated at 360 min; cold
exposure was introduced at 120 min and terminated at 270 min
(mean + SEM).
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Figure II-2. Effect of primed continuous infusion of -
somatostatin-14 (8.9, 18.4, and 37.3 ng min~ ) on
concentration of plasma somacostatin like immunoreactivity in three
acutely (2 h) cold stressed lambs. Somatostatin was initiated at 60
min and terminated at 360 min; acute cold exposure was introduced =
at 120 min and terminated at 270 min (mean + SEM). :
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- Figure II-3. Effect of primed continuous - inf%sion of
.somatostatin-14 (8.9, 18.4, and 37.3 ng min’ ) on -
plasma insulin concentration in three acutely (2 h) cold stressed
lambs. Somatostatin was Initiated at 60 min and terminated at 360
min; acute cold exposure was introduced ‘at 120 min and terminated

at 270 min (mean + SEM) . &
12
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Figurc II 4 Effact of primed continuous inf¥sion of
somatostatin-14 (8.9, 18.4, and 37.3 ng min = kg ) on
plasma glucagon concentration in three acutely (2 h) cold stressed
lambs. .Somatostatin was initiated at 60 min and terminated at 360
; min; acute cold exposure was Lntroducted at 120 min and terminated
;'ac 270 min (mean +* SEM) &
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Figure II-5. Effect of primed continuous infTsion1of
somatostatin-14 (8.9, 18.4, and 37.3 ng min ~ kg~ *) on

plasma growth hormone concentration in three acutely (2 h) cold
stressed lambs. Somatostatin was initiated at 60 min and terminated
‘at 360 min; acute cold expogure was introduced at 120 min and
terminated at 270 min (mean + SEM).
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‘Figure II-6. Effect of primed continuous iansionlof
somatostatin-14 (8.9, 18.4, and 37.3 ng min = kg =) on
concentration of plasma glucose in three acutely (2 h) cold
stressed lambs. Somatostatin was initiated at 60 min and
terminated at 360 min; acute cold exposure was introduced at 120
" min and, terminated at 270 min (mean + SEM). '
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oy BT ULEEARE N
Figure II-7. Effect of primed continuous§hs
somatostatin-14 (8.9, 18.4, and 37.3 ng min- L kg'l) on

~concentration of plasma free fatty acids in three acutely\(2-h)
cold stressed lambs. .'§9;patostatin was initiated at 60 x;l/in' nd
terminated at 360 miriU»cute cold exposure was introduced at
120 min and terminated at 270 min (mean + SEM).
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III. EFFECT OF SOMATOSTATIN ON HORMONAL AND METABOLITE

CONCENTRATION, METABOLIC RATE, THERMOREGULATION, AND GUT MOTILITY.IN

CHRONICALLY COLD EXPOSED SHEEP
INTRODUCTION
Regulationlof'the supply of substrates for chermogenesis‘du:ihg "
oold exposure is controlled by a vériety of mechanisms. These include .

neural and. neurohormonal and neuropeptide- hormonal alteration of

d%ﬁrienc assimilation (Alexander, 1979). Somatostatin, a

>

tetradecapeptide, plays an important role as a chalone in many of Jfese

régplatory pathways (Reichlin, 1986), and may‘be importanf in the

reoponse to stressors such-as cold oxposure.

| One recent study\showed that>the/gr0wth potential of young lambs
o;s oaint ined during acute cold stress by active immunization against
somatoangin (Laarveld et al l986),'thus suggeotlng an interaction:
between somatostacin and response to cold exposure. Numerous metabol?b
hormonésg includiqg‘chyroid’hormones, groyth hormooe, in;ulio,‘ °
glucagon; gut ho;moneS'or adrenal’ﬁormones, play an imporfanc role in

v ‘altering intermediary metabolism or subécraﬁe mobilization and are

| jaltered'by infusion of somatostaﬁin (Brockman énd’Laarveld, 1986;
Schusdziarra, 1980).

, Somatostatin inhibits releasé'of'thyroid Stimulating hofmone (TSH)

| from the pituitary (Reichlin, 1983){ and possibly tri;iodothytoniho

(T3) and thyroxine (T,) from the thyrsid gland (M°Quillan, .1980). .
Passive immunization agalnsc somatos@%tln not’ only increases basal
plasma TSH but also potentlates the TSH response followlng exposure to

cold stress in rats (Ferland et al. 1976).

46
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. At high doses of somatostatin both basal glucagon and glucagon

response to numerous secfeta;ogues is inhibited in rats, humans, dogs,
//'wend sheep (Schusdziarra, 1980) and as a consequence, glucagon-dependent

»

" gluconeogenesis and glycogenolysis is reduced, thus producing a decline °

.. in plasma glucose concentration However, somatostatin also inhibits
g, :

insulin secretion and thus would st#mulate lipolysis and release ‘of
free fatty acids and release of. substrates for gluconeogenesis from
muscle and adlpose tissue (Bell 1980). , ‘

| Barry et al. (1985) have proposed chac che prime site of
somatostatin action in lambs- lnfused with somatostatin for a prolonged
period was w;thln the lower digestive tract where,lc could be involved.
in regglatiop.of.nutrienc absorp;lon. Similar fiﬁdings have been
reported for humans, dogs, and.sats (Seﬁesdziarra,“l980).

" The objectives of this scudy were to examine the effect of
somatostatin- 4 at physiological'ooses, on gastroincestinalvmotil%ty,
hormone and metabolite concentra:;ons, wholevbody metabolic ;aCe, and
thermoregulatioﬁ in response to ehronic cold exposure.

. . | MATERIALS AND METHODS:
Animals and Their Management:

Six‘ewe Tambs (45.8% 2.8 kg body.welghta(BW)) fitted wich ruminal
and duoderial cannulae were hoﬁsed.in‘individual metabolism crates in
coﬁtrolled environment chaﬁbers. Durlng each of two periods, three

' lambs were. adapted for 32 d or longer (average of AS 6 £ 7 3 d) to
either a thermoneutral (TNk‘{l7.A°C) or. a chronic cold (CC)'§-0.9'C)

- v
environment prior to experimental measurements. During the second

period one sheep was inadveftently removed from the cold chamber for 24

h at day Qﬁnand was' subsequencly placed back in the cold for 11 d

Yl
.
1,;
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beforg measurements bégapi One sheep died betwggn periods and was
removed from the analysis of the data. Measurements 6h individual
énimals were taken on consecutive days w;thin eéch environment for 90
min prior ﬁoiand during a 300 miq'primed continuous infusion of either
saline or somgtostaéin-l&b(SS-IA)-(Sigma Ch;mical Co., St. Lquis} Mo.)

(6.7 £ 0.5 ng'min"! kg"! BW). The priming dose (0.35 * 0.06 ug

'

, kg'l) of SS-lTCQaé given to reduce tﬁe length>of time required to
reached the nﬁ equilibrium._The order of tfeatment; was élternated‘
between animals—and across en&ironﬁénts. | -
Lambs received a pelleted 18.8%[Erude protein barley:soybean
concentrate diet? suppiementgd with vitamin A,‘D, E ahd‘limestbne

(Appeqdix iabl?.Z){ at 2536 g o a'l kg™l B oné;'daily at 1600 h. “ \
Lambs had access to water and cobalt iodizedgéalt ffee choice ‘and were (/:-
shorn biﬁee&}y.' o ' - ‘
Expe;imehﬁal Protocpl:

- ’

One weekrprior to each experimentﬂl'period lambs were accustomed to
metabolic hoods and to ekﬁerimeﬁtal reﬁofding and.sampling procedures.
Sixteen‘h prior to the first experimgnt a cﬁrdni% indweliing polyvinyl
chlbride ;ubing'(l.68 mm ID, Argyle, st. Louis, éo@) wa;;insqrted into
éach<ext§rnal juguLar‘vein apd was filled with.diiuteﬂﬁepa¥in solution
»(lQO IU mL'l) to keep canﬁuiae patent. One catheter‘was‘used for .
5 infusion and onefgor'Blood.samﬁling} On cyo;qcpgsions qifficulty was
.encounCeredxcathetefizing the second jﬁgular vein and the infusion
catheter‘Qas inserted i{nto the radial vein. For’récording of skin.
Eempéra;ﬁre,'a coﬁper éonscantan T type'thermocoupie (Thermo Electric,

2

‘bEdmonton) enveloped in a 4 x 4 cm §urgical tape patch was adhered to

- ! . . . . v } . . ~
a,closely sheared patch of skin using contact cement. One thermocouple

A\
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was placed’over.the biceps femoris muscle, uhile‘one was placed on the
lateral side of each hindleg (in the hollow between.the metatarsal bone - I
and flexor digitorum brevis) lﬁicm inferior to the hock.

Oxygen consumption and carbon dioxide production were determined

“from the oxygen and,carbon dioxide concentrations in air entering ‘and

leav1ng a continuously ventilated hood w1th a ventilation rate of 57‘

-

L h” l, as described by Young et al. (1975) ‘The oxygen and carbon

dioxide concentratioms .were measured by a. Beckman F3 paramagnetic
)

roxygen analyzer and a Beckman Model 88% infrared analyzer (Beckman’

Instruments, Inc., Fullerton Ca ), respectively. Calibrag}on of the

a ‘ . A

calorimetry equipment for oxygen measurement was carried out according

to Young- et al (1984) ﬁetabollc rate was calculated according to the

-

method of McLean (1972)

Two h prior to the start of each‘experimentvipm%s'were placed in

metabolic hoods prev1ously callbrated skin thermocouples and a rectai

; thermocouple were connected to an Apple II plus computer and a DTlOO

v datataker (Dycor Industrlal Research,  Edmonton) for recording the

thermocouple potentials. Also at this time jugular vein catheters were

*'exposed, and the duo&enal and weighted reticular polyvinyl chloride

open-tipped catheters were inserted-into the' duodenum and reticulum.
Patency of the reticylar and duodenal catheters was maintained by
e -

continuous infusion of distilled water at 0.5 mL min'l. Reticular and

duodenal contractions were simultaneously monitored continuously by a

' pair of inline P23 Serles pressure transducer {Gould Instruments Inc.

Hato Rey, Puerto Rigo), amplified; and charced by a Beckman R- 612

- Dynograph Recorder (Eléctronic Instrument Division, Schiller .Park,

Illinois). Spikiné activity was manually tabulated.
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Table' III- 2 Effict of soématostatin (SS) on carbon dioxide
produc ion (L h ™), ox¥gen coﬁsumption <L h™"), heat production
(KJ h™*Y, and respiratory quotient in lambs adapted to
thermoneutral (TN) or cold (CC) environment

Experimental Treatment

Environment - Infusjon

Parameter . TN . cCC SEM ~__Saline Ss SEM

o« Carbon Dioxide

Production 12.62  15.7° 0.8 16.4 13.9 0.2
" Oxygen = B k;% L b -
.- Consumption , 13.5%  19.1° 0.4 16.6% - 16.0°- 0.1
- 77 Heat' " I . g oo
- 'Production ' .276.0% '390.3% 4.4 360.0% . 326.4°. 0.8
Respiratory ‘ . c -
£ Quotient -~ 0.99 0.83- 0.06 , 0.91 0.90 . 0.02,
i . o ~ P TR

a,b Means within -a mecabollc parameter and within an experlmental
treatment are different (P< O OS) -

te
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Table III 3. Effect of primef con inuous infusion of
somatostatin-14 (6.7 ng min ) on number of
contractions and duration of irregular spiking activity (ISA).
regular spiking activity (RSA), or nonspiking activity (NSA)
within a duodenat migrating myoelectric complex (MMC) or on the
entire MMC in five lambs exposed to geither thermoneutral (TN) or
chronic cold (CC) environment.A

Xperimenta eatme

vEnvirSnment ;;_Inﬁuﬁign______;
"Parameter. _ TN CC SEM__ ¢ . Saane“ SS9 SEM
Number of contraction/ MMC - ‘ #
During ISA . 59 72 4.0 63 ' 69 6.2,
- ‘ . " !
. : 35' K . e ?
During RSA G2 - 24 3.1 22 22 1.4
‘Total . 80a 96b 2.3 "85 S91 6.1
N - . : ) ¢ ">\' .
. .
. o .
. 4
:Duration (min)
.. Nsa po 5.2 . 6.2 0.8 5.6 5.8 1.3
: * . ' T ) o .
1sa 715 7409 12.0 62,1 . 843 77
b ' . : ' . ) K o . . » N " “ . ’
*RSA ‘ 4.5 4.5 . 1.r 4.3- 4.7 Qw2
wme 81.8  85.5 '11.6 24 948 J.9 .
£, o
‘ ]
-y S ' at ..
/s a,b Means within d parameter and within an experimental 'treatment are
~different (P< 0.05). e ‘ o ’ o,
: S o e .
4 .

[



‘somatostatin-14 (6.7 ng min
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Figure III 1 "Effect of primid continuous infusion of

) on concentration of plasma
somatostatin-like’ immunox:eactivity in five lambs adapted to
thermoneutral (TN) or cold (QC) environment. (Primed infusion.was
initiated at 90 min) (mean % SEM).

)
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. - Figure III-2. Effect of ptimtd cosztinuous ‘infusion of
P somatostatin-14 (6.7 ng min™" kg" ") on plasma growth hormone
¥ concentration in five lambs adapted to thermoneutral (TN) or cold
= (CC) enviromment. (Primed infusion was initiated at 90 nin)
‘ (mean * SEM). ' : .
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!ﬂ .
Figure III-3. Effect of ptimid coEtinuous infusion of
somatostatin-14 (6.7 ng min n ) on plasma insulin
concentration in five lambs. ;dapt:ed to thermoneutral (TN) or cold
(CC) environment. (Primed. infusion vas initiated at 90 min)

(mean * SEM).
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Figure III-4. Effect. of prim
somatostatin-14 (6.7 ng min~

19 o8

tinuous inquion'of

) on plasma glucagon

69

concentration in five lambs adapted to thermoneutral (TN) or cold

(CC) environment.
(mean * SEM).

o

(Primed infusion was initiated at 90 min)
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Figure III-S. Eff%ct of primid cogtinuous_iﬁgusion of

somatostatin-14 (6.7 ng min

) on insulin:glucagon ra

Jio

in five lambs adapted to thermoneutral (TN) or cold (CC), ¢

environment. (Primed infusion vas initiated at 90 min)

(mean t SEM).
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Figurd III-6. Ef.f‘e}.:t': of pri \id :’coTtinuous infusion of
somatostatin-14 (6.7 ng min"" kg ") on plasma free fatty acids
concentration in five. lambs ‘adapted to thermoneutral (TN) or

.. cold (CC) environment. (Primed infusion was initiated at 90 min)
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Figure III-7. Effect of primed
somatostatin-14 (6.7 ng min "
concentration in five lambs adapted to’thermoneutral (TN) or cold

1
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u.‘:‘(
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DRI

v

coYtinuous infusion of
g

k ) on,plasma glucose

(CC) environment. (Primed infusion was initiated at 90 min)
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Figure III-8. Effect of primfd rit:inuous infusion of -
somatostatin-1l4 (6 7 ng min

Lo

) on plasma tri- iodthyronine

2.

73

» (T3) concentration in five lambs adapted to thermonautral (TN) or

cold (CC) environment:
(mean * SEM).
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Figure III 9. Effect of primid Ytinuous infusion of
somatostatin-14 (6.7 ng min ) on thyroxine
concentration in five lambs adapted ta thermoneutral (TN) or cold
(CC) environment. (Primed infusion waa@%nitiaced at 90 min)
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IV. METABOLIC CLEARANCE RATE OF souAmoszTIN AND HORMONAL RESPONSES
| TO FEEDING AND SOMATOSTATIN-14 INJECTION iN CHRONICALLY COLD- EXPOSED
' SHEEP. | |

| INTRODUGTION

Somatostatin is a tetradecapeptide secreted by phe hypothalamus,
. s . .

pancreas, gastrointestinal tract, and pep;idefgicpneurons. In
non:uminants‘it plays an important role in altering nutrient uptake and
partitioning.through direct and indirect effects on tisauee, and by
inhibition of other metabolic hprmones (Schusd;iarra and Scﬁmid; 1986) .
In ruminants, there is relatively little information on the role played
by somatostatin in these eventsf )

Release of somatostatin in response to feeding has not beeﬁ studied d
in ruminants, although aboﬁasal infusion of casein plus'methionine in
growing lambs significaptly decreased plasma somatostatin :
conicentrations (Barry etfal., 1982)} Cpnvefaely, increased dietary
protein s;imulated somatostapin release in preruminant lambs-(Reid et

'1984) Since somatoscatln#conceptraCLons were not altered by
abomasal dllatlon (Vlamlnck et al. 1986) plasma somatostac;n

e

concentratlons are chought to be responsive to dietary composition

.rather, than to gut dlstenSLOn These results agree with reseanch done

;,1)

,w1th dogs end%humans (see Schusdziarra and Schmld 1986)' iff wﬁ&ch meal ~*
size had no effecc on somatostatin secretion, while the nutrient:
.comp031t10n'of the diet and supply of nutrients to the 1o;e; gd;;“
appeared v .Qe major fac;ora scimulacing somatostatin secretion from

-

D- cells of.mhe‘guc (Schdsdziarra’and_Séhmid, 1986) .
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Somatostatin at pharmacologlcal doses’ has been shown to reduce or
Hely

inhibit secret“// responses of growth hormone, insulin, ‘and glucagpn to
" numerous secretagogoes in ruminants (Bryce et al., 1975; Brockman .and |
'Laarveldy 1986) and'nonruminants (Brockman and Laarveld, 1986), while
having no effeot on basairseeretioﬁ of‘growthbhormone (Varner,et al.,

. P .
1980). Exogenous somatostatin appears tq‘reduce basal concentrations of\
insulin and glucagon (Brockman and‘Greer l989),lalthough these -
responses are not aiways consistent (Bro%kmaﬂ'and Laarveld, 1986).
The extent to which somatostatin may be ipvolved’in mooulatiﬁg

physiological responses. of ruminants in different thermal environments'  °

has not been studied. However, increases ih,glucagop{ catecholamine,

glucocorticoid, and growth hormone ooneeptrations-are associated yith
) increased energy mobilization duringvstresses such, as acute cold
exposure (Bassettvano Alexander,‘197l), exercise} Brockman, i9795, or
hypoglycemia (Broekman et al., 1975).. | o |
.The objectiﬁes'of this experimeot'were to determine'the effect'of
cold exposure, feedlng, and a'bolus anectlon of somaGOstatln 1a n
A

- plasma hormone and metabollte concentrations and tc détermine the \\m

'Lpfluence of environmental temperature on metabollc clearance, %ate ofw»

m" AT

somatostatin.
R o o MA)TERIAL AND METHODS )
‘.Animals.ahd Their Management: ' .

Ten crosSbred wether laﬁbs (4&'9' 0.96 kg) were hOUSed for 9
either a thermoneutral (TN) (20°C)~ or chronlc cold - (CC)(O C) enviro'

with 5 lambs in each environment. Lambs were shorn blweekly durlng t

adaptation period and 6 d prlor ‘to the experlment Lambs were fed a
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19.6% crude protein (CP) pelleted barley:soybean diet (86.1% dry matter

(DM), supplemented with vitamin ADE and‘limestone (Appendix Table 3),.

v

at a level of 24.8 g DM kg~ -1 body welght (BW) once daily at 0900 h.
Feed intake was adjusted after weekly weighings. On‘the day of bleod

sampling, feed not consumed within 75 -min postfeeding was removed and
welghed. - E *K‘

Experimental Protocol:

%
L

During the week prior to blood sampiing,‘lambs were accustomed to

receiving thei;'daiiy diet in individual ‘headstalls and to the biéod

.-

: sampling&pollectibn procedure. Polyvinyl chloride chtheters were

inserted into a jugular vein 18 h prior to collection of blood'samples.

¢

.Bloed was collected. at 90, 60, 30 min, and immediately prior to feeding
(0900 h), and 15 30, ‘AS 66 75, 90, 105, 120, 150 180 and 210 min

postprandlally Cathete;s were kept patent with heparinized (AO IU

mL’l) saline (O:9%'Nacl) Two h after feedlng, lambs were released

LN

from théJ%eadstalls for 15 min to permlt access to water and exercise,
 On the same afternoon, 240 minvpostprandially, lambs were given a
somatostatin-lQH(SSoIA)'(§igﬁa Chemical Co., St. Louis, Missouri)

injection over 15 sec (1.13 % 0.08 ug kg'l BW) for determination .
of kinetic parameters. Blood samples were drawn 15 min before and

lmmedlately prior to SS-14 anectlon After inJection thedtﬂree-way

opcock was rlnsed in sterile /saline and 20 mL of sterile saline was
‘rapldly lnfused to flush th catheterb The catheter was‘fgrther cleated
by'withdrawal of 25 mL of blood prior to the 1 minsblood'samele. Blood
;lsamples were'_ltaken at 1, 2, 3,5, 7, 10, 15, 20, 25 30, »a’é, 50, 60,

75; 90, 105, 120, and 150 min postinjection,'Catheters Qere not flushed o

after the 1 or 2 min blood samples. Between the 3 miq-and'ISO min



‘v_samples to clear the dead space in the catheter

. .78

samples the catheter dead space was filled with hepariqized saline

T {40 IU mL 1) A 3 mL discard was’ drawn immediately prior to all blood

“‘Blood samples (8 mL) were immediately transferred to 16 X 100 mm
glass tubea contafhing heparin (40 IU mL'1 of.blood) and NaF (4%
w/v)(lS uL mL'1 of blood), mixed by inversion, and kept on. ice
for up to 2h until centrifuged for lS min at 2280 X g. Aliquots of
plasma were frozen at "20°cC until analyzed The aliquot for
somatostatin like immunoreactivity (SLI) and glucagon—determination
contained Trasylol (aprotinin Miles Laboratories MissisSauga,

r S - ; B

=

Ontario 500 IU mL” -1 plasma)

Blood sample collections were run on concurrent days for the two

I

environmental groups Con%fntrations of f{ee fatty acids and glucose

o

‘ywere determined by enzyme specific kits (acyl CoA synthetase WAKO Pure

Chemical Industry, Dallas; Texas*nglucose oxidase Sigma Chemical Co

st Louis Missouri) Intra assay and.inter- assay coefficients of "

/

variation for free fatty acids and glucose were 6. 4 and 7.8%; and L. 1

and 2.8%, respectively Somatostatin like immunoreaptivity, glucagon

‘:iﬂsulin, and growth hormoné concentrations were determined by double

“inantibody radioimmunoassay

‘lfSomatﬂstatin Like Immunoreactivity Assay : S

* .

Standard curves were constructed w1th c clic somatostatin- (Si a
y gm

Chemical Co St Louis Missouri) in the range of 2. 5 to 4000

v
' pg mL~ -1 and when compared to 51milarily prepared standard curvesv

~ f - I

usine evelim cAamatrmammacie 17 .o

-

e
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ftriplicate (IOO,yL).}Plasma.(ZSvﬂL).was assayed'in duplicate.inﬂ'

12ix 75»mm,glassAdisposable‘tubes Samples which did not fall on the;

_assay curve ware: reassayed and the volume of plasma was reduced Total -

.assay volume was 700 uL. To. lOO uL of standard or diluted

~

'plasma;was added 200 pL‘of‘aSSay buffer (0,05 M phosphate buffer,

BH 7.5, 0.25% BSA), 100 4L of rabbic anti-somatostatin antibody,

which was kindly provided by B. Laarveld University of Saskatchewan

v

‘Saskatoon Saskatchewan (1: 800 000 final dilution in 700 pL), lOO v

pL of l251 1 tyr-somatog;atin (10,000 cpm/tube cat.# NEX-129,

[y

Dupont Canada Ltd, Mississauga, Ontario), and lOO 8L of normal

1rabbit serum diluted 1:250 with assay buffer At this dilution 30-40%
'.of the trager was bound to antibody in *the absence of unlabelled

‘peptide Tubes were vortexed and incubated for 2& h at 4°C. Separad?bn

of bound from free 1251 l-tyr- somatostatin was carrled out by double )
antibody precipitation by adding 0.37 units of goat anti rabbit gamma

globulin (Calbiochem San Diego CA Y in 100 pL of assay buffer to -

4‘
each tube Tubes were vortexed and 1ncubated overnight at 4°C prior to

»

centrifugation at 3000 x g for 15 min. The supernatant was aspirated,

uand the pellet was counted on a 3eckman 8400 Gamma Counter for 2 min

.

Intra-‘and inter- assay coeffic1ents of variationnﬁpr a sample averaging

._97 Pg mL -1 Were 7.0% and ll O% and assay sen51tiv1ty was 10 pg

mL'l. Inhibition cu&ves for a pool of ovine plasma were parallel to.

‘sometostatin standard curyes (Appendlt Figure l) Recovery on a

"standard eddition from’lO to 200 pg mL"1 somatostatin to 10 uL

_plasma was, 94 9% * a 1 (mean + SEM). Displacement of the standard

curve by addition of 10 pL of plasma to each standard lS shown in

o Appendix figure 2 Rabbit anti domatostatin antisera was found to



with ll tyr somatostatln 0.001% w1th neurotensin and did not

. crossreact\wlth IGF;& bGH, bPRL, 1nsulin glucagon oxytocin TR?///iv

‘80

crossreact 100% with 1-tyr- somatostatin and somatostatin 28, 30 40%
(" ¢ K]

w7

yLHRH (B Laarveld personal communication)

*. Protocols for Other Hormone Assays

Protocols for glucagon (Harris et al 1979) insulin_(Mears et

‘al., 1988),“and growth hormone (Mears et al 1988) assays.weresas

published by these authors Rabbit anti glucagon antisera (OAA) was’

purchased from Dr. R H Unger~Univer51ty of Texas ﬂhllas Texas, .and

.

glucagon (lot # 258 25J7-120) was generously provided by Dr. M. A Root

.

of Eli Lilly Company, Indlanpolls In. Guinea'pig anti bovine insulin -

(cat # 65 101) was pmrchased from Miles Laboratories while ovine

'insulin for standards (cat CI- 9254 23.2 IU mg l) was purchased from

Sigma Chemlcal Co ,» St. Louis Mo Rabblt anti ovine GH2 and ovine GH

(NIADDK-0GH-13, 1. 5 1) mg l) was kindly provided by Dr. A.F. Parlow

- o
of the National Institute of Arthritis, Diabetes , and Digestive and

Kidney Diseases Torrance, Ca. Bovine GH (NIH-GH- B18, 0.56 IU mg l)

-was used for iodination. Samples used in the same comparison tests were.

analyzed in a 51ngle assay and animals within each envaonment were
equally represented.throughout ghg;ose, Free fatty agld SLI, and-

glucagon assays, whlle 1nsu11n and growth hormone were analyzed {n a

y

single assay Incra- and fnter- assay coeffic1ents of variacion for

Al

glucagon, insulln and‘growth hormone’assays were 8. 9% 8. 3%‘ and

©10.2s; 11. 1%, 11.0%, and 12.3% for samples aver ;ging B2, 2. 19, and

13.53 ng mL l, respectlvelj

'



. somatostatin kinetics; _"' T o . A: f.; o
| ‘Disappearance curves'for plasma'ssila.concentration‘expressed as a-
fraction of dose were fit to a’ two- component exponential model (Shipley,
and Clark 1972) using a non- linear itera%;;e procedure (SAS User's.
‘Guide. Statistics, 1982).WSince_plasma concentrations of SLI had
'returned to preinfusion levels by 15 min only blood samples taken over . .
| the first 15 min were used in fitting disappearance . curves When |
plotted on a semi log‘(natural) scale, disappearance‘curves of .
h.concentrations expressed as fraction of dose were curv111near
: Equations of the line for the ™ and CC environments were
- y-0. 000365e " L. 8slc + 0. oooo115e‘° 0437¢ and y=0. ooozao(a'0 84Tt |
- 0. 0000112e'O 0397t, respectively Kinetic parameters4were calculated
as described by de Boer et al. (1986)
Statistical Anelysis: J

.kinetic parameters were sdbiected'to analysis of variancecusing SAS
. (SAS User’s Guidei.StatisticsL l982)-where the model included
environment tested*against sheep within environment. Hormonal data were
analyzed using a repeated measuresvdesign and'the model included
environment"sheep'within environment time environment by tlme
interaction and time by sheep within environment as‘the residual
'Where significant variables w1th1n the model were tested b;
Student Newman Kuels' »multicomparlson test (Steele and Torrie, 1980).;

| RESULTS |
Average daily weight gains ‘of the lambs were 94 and 161 g d'l

'SEM=\73.0 in the cold and.TN envdr?nments‘ respectively "At the

restricted level of 1ntake offered lambs in both env1ronments

._routinely consumed all of.their meal within 2 h.
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environmental temperature or by feeding (0.336 vs O 276 ng mL ‘1 for

Effect of Feeding: ' STt . RPN C ' oA
oo ) ’ - . . S o
‘Overall plasma SLI'concentrations were not iﬁfluénd‘ﬂ by

N

N and CC. environments respectively) (Figure IV- l) One animal in thel

N group had SLI concentrations double those of other animals on that

treatment. Eliminating values for this lamb produced an overall mean of -

0.289 * 0.004 ng mL’ 1

A significang proportion (P<0 OOl) of the variability in plasma
gr th hormone concentration could be attributed to individual animal

v riation and to a pulsatile secretion occurring at 2 - 13 h intervals

’ Me n plasma growth hormone concentration 1 creased (P< 0 05)

tr nSiently prior to feeding, was similar in. both environments at time
O; and then Significantly (P< O 001) fell within,&S min after feeding

(Figure IV-2).. Growth hormone concentration declined (P< 0. OOl) across

environments from an average prefeeding value of 3.0 ng mL"~ 1 “to l 6\\/4/\

ng mL” -1 at 120 min postprandial. A significant (P< 0.03)‘environment

_bY'time‘interaction for growth hormone concentration could be

attributed'to the larger decline in the TN'group. In the cold

environment, plasma growth hormone concentrations wera stable from 60

until 120 min whereas values continued to. decline in the TN group

. Both groups showed a small nonSignificant transient increase over the :

next 30 min but returned to minimal values by 210 min. Mean growth
hormone concentrations over the whole experiment did not differ between
environments. ' ' o _v‘ AR ' -

Plasma glucagon values“were higherk(P< 0.05) in the TN environment'i
(TN-0.27 ws £C-0.19 ng mL™L; SEM- 0.004). None of the postfeeding

. .

values for glucagon were Significantl/ different from prefeeding values

irm ‘adithas Amcel e . e —es A
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-time course after feeding in both env1ronments (Figure Iv- 6) Glucose
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o o L
| Plasma insulin concentrations gradually increased postprandially in

.

'the TN environment were different (P< 0.001) from prefeeding values by

75 min after feeding (Figure Iv- 4) ‘and continued to rise throughout the
L -

remainder of ‘the trial Overall insulin concentration was lower

.-

' (P< 0. 02) in the CC lambs - (2 34 vs 1. 20 ng'mL l SEM— 0. 12) although -

.this did not become evident until 75 min postprandial (environment by

time interaction P< 0, 001) The insulin:glucagon ratio was not

influenced by environmental temperature but was altered by feeding

'(P< 0. 001) (Figure 1v- S) The insulin: glucagon ratio was significantly

’elevated at 75 min postprandial in the TN env1ronment, and stabilized

over the next 75 min before increaSLng again to 210 min (environment by

time interaction P< 0.001). R , g ' &

Plasma glucose concentrations were similar and showed a similar

.

declined transiently for 30 min’ postfeeding and then gradually, but

2

'significantly (P« O 001) increased until 180 min postprandial. This
Arepresented a l4% rise over average prefeeding values 7

Overall concentrations of free fatty acids were higher (P< 0 02) 15'
'ithe cold although thls ‘was. primarily due to elevated prefeeding valuesi
(Figure IV 7) Plasma concentrations of - free fatty acids deglined after"

:ffeeding (P< 0 001) and Wlthln 30 min after feeding animals in both

environments had similar frie fatty ac1d concentrations Plasma free
fatty acid concentrationc continued to decline slowly throughout the

remaining experimental period Overall the postprandial free fatty

©acid concentrations declined 76% in the CC env1ronment -while only

declining 57% in the TN group Due. to the larger decline in “the CC

environment there was. a-SLgnificant (P< O OOl) env1ronment by time

interaction

g



somatostatin Challenge: R . - S ,

| | A cutve for mean disappearance of injected SS 14 from.plasme is
shown in Figure IvV-8. One animal in the CC environment developedj‘ﬂ
catheter problems and was removed. S§- fL injection (average 1. 13+ 0.08 ™
'pg kg~ -1 BW) resulted in an increase in SLI- concentrations from an -
average basal concentration across environments of 0 QS& ng mL'1 to

6.18 ng mL.l in the CC group and—3 38 ng mLL in the TN group

e
'.within 1 min of dnjection (Figure Iv-9). '

’

‘. Parameters estimated by curve fittlng the two - component exponential
equation to ‘the declining plasma somatostatin concentration are
summarized in Table IV 1. The slope of the first component (gl) was
greater (P< 0 05) for sheep in the TN environment indicating a faster
rate of removal of SLI The fi;st component of the exponential equation -
'v(Al and gl) was the dominant part of _the equation because ie’
explained the maJorlty of the two-component model (Hl- 961 vs -J
HZ» 039) However inclusxon of the second component significantly
improved the description of the.disappearance curve compared to use of_.
- a single component model (R2—1 00 vs O 66, respectively).

. Plasma SLI concentration and kinetics which were derived from the
plasma concentration and curve fitting‘analysis are summarized in
ﬁTable IV 2 Basal\concentrations of SLI were not different and were_h
_comparable to the values observed for effect of feeding experiment :ff’
_Overall means for half life of the first component were greater

(P< 0 005) in the cold env1ronment while the second component was not

’affected by environment. A
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Sheep maintained in the TN environment had a higher'(P< 0.005)

turnover rate of somatostatin Secretion rates of . somatostatin were
-

algg significantly greater (P< O 02) for sheep ie® the -TN group Pool
'jsize, distribution.space and metabolic clearance rates were not
significantly influenced by temperature '

During the SS 14 challenge experiment glucagon concentration was

K

_ not significantly different in the two environments (0. 26 vs O 19
‘_‘ng mL';, SEMw= 0.004)’(Figure IV-lO). Insulin concentration,was higher
(P< 0.04) {n the TN compared to the cold:environment (3.4 vs 1. 0 _

: ng mL 1 “SEM= 0 12) (Figure IV ll) Follow1ng the pulse dose of SS-14 “’(‘
.thers were transient decreases in both glucagon and insulin
concentrations during the ‘first 5. min, but neither of these decreases
was significant Within 30 min of §§- 14 inJection concentrations of

: glucagon were higher (P< 0.001) than thé .5 min values The_.

"‘insulin glucagon ratio was not different across environments or time
(Figure 1v-12).

Growth hormone concentration was not influenced bysenvironmental
temperature (3.4 vs 4.3 ng mL l, TN vs CC respectively) “or by- the
Vpulse dose of SS la (Figure IV 13) . : |

— :

The pulse dose of SSJIA did not influence plasma glucose
4.concentration nor ‘did glucose concentration differ between envirdnmentsH
'_(80 S vs 84 3 mg di l TN vs CC respectively) (Figure IV 14) |
_;; The pulse dose of SS-14 induced a’ rapid (WLthin 2 min) increase R
‘F(P< 0.001) in plasma free fattv aCid concentration in 1ambs from both :
environments (Figure-IV~15). Peak concentrations of free fatty_acidS‘r'
(166.9% of overalllpreinjectioﬂfvalues) were”obtained‘at 10 ‘min
: postinjection;'theh_éerresponded ;ith the maximum length of time

S
e
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‘ required for- SLI concentrations to réturn to basal levels for either
: . e

‘ envinonment‘ By 90 min free fatty acid concentrations had returned to'
preinJection values in both environments In the CC group free fatty '
vacid levels seemed to remain elevated aBove those of the IN. group “for a .
.prolohged period (from 10 to 105 min) but the environment by time
"
interaction was not significant, Overall mean values for free fatty
"acids in the two env1r6nments were not. (P> O 05) different (0: 33 vs
0. 36 mM TN vs CC, respectively). f B - L
| b-xscussxou' | |
Basal plasma concentrations of somatostatin were not’ differenk

’across env1ronments Our basal concentration was 2 to 5‘times higher
than reported for sheep (Barry et al. 1982) and for rats dogs, and -
humans (Schusdziana and Schmid 1987) However the.concentrations are
similar to those for rats (Engelhardt and Schwille, 1981), which used
‘an assay technique ‘that did not. involve an extraction procedhre ;

~ Plasma hormone concentration is a function of - secretion rate’ end
rate of‘clearance from the blood ‘Thus, even though changes in plasma
’ hormone'condentrations during different physiolggical states ware not
observed, secretdon'and/or clearance rates could have been altered in
.-the same direction The results of this experiment indicata that ‘this
did happen ‘Higher secretion rates of somatostatin in the ™ .
“env1ronment were offset by a shorter half life The corrected
'half lives for somatostatin in this study, (O 693/turnove;\ra1g£;‘f‘
TN 0. 39 cC- 0.85 min) are shorter than’ the values reported for dogs ,
rats, and humans (Lucey, 1986) This. may reflect differences in methods
,used to’ determine and calculate half life since a comparatively low

“

dose of somatostatin for injection was used. Differences in half-1lives

— ‘
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Y

"8cross environments presumably reflects differences in the removal of

7somatostatin by various. tissues ‘and’ organs and by plasma peptidases

o~

‘Somatostatin is thought.to be metabolized by the liver kidney,
bendogenous plasma peptidases and possibly by the pancreas (Lucey,r
| 1986) The rate of degradation of somatostatin by hypothalamic
-‘peptidases has been found to be sensitive to thyroid hormones with'

».increased enzyme activity in hypothyroidism which can be reversed by ‘

thyroxine administration (Dupont et al. 1978). If this principle also

+

'holds true for plasma peptidases thLS'could account'for the

differences between env1ronmental groups since therLd hormones have

been shown to be elevated during cold stress (Christopherson and

i Thompson 1983; Sasaki and Weekes, 1986)

.wPlasma growth hormone insulin glucose 'and'freelfatty acid |
. €5

responses after feeding in the thermoneutral group (direction and’ time

‘ coursel were similar to prev1ous findings (Bassett 1972) However,

postprandial increases in glucagon were not observed as reported by

. Bassertr, (1972) Postprandial increases in gluoagon are thoughe to. be

important for prevention of hypoglycaemia induced by higher insulin
concentrations although glucagon release is less senSitive to most

secretagogues than is insulin release (Brockman and Laarveld 1986)
i

'this study thgre was no . postprandial hypoglycemia so that elevated

)

‘_bglucagon may not have been necessary ' .

.

Two other thecrfes have been proposed to explain postprandial

changes in insulin and glucagon secretion In. the first theory, the

' flow of protein and acylglycerldes to the Llower digestive tract may

influence pancreetlc endocrine secretion indirectly via gut hormones

(Schusdziarra l987) “In ruminants, continuous outflo# of rumen
N . . . A : - . . ) .
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| | ‘ ‘ i,
fermentation endproducts ma)‘prolong nutrient assimilation and alter

-the rate- of endproduct .absorption to such an extent that response of

‘

'gut ‘hormones- is diminished and thus pancreatic endocrine secretion is

modified This concept is supported by the work of Bassett
b
(1975) where the feeding of protein protected against ruminal

"vbreakdown resulted in significantly higher insulin concentrations .In‘

this instance glucagon was not measured "so the effects of dietary
protein on glucagon could not be ascertained Alternatively, upteke of
propionate by the liver may alter secretion of pancreatic endocrine

hormones (Armentano et al. l984) The work of Bloom et al. (1980)

-

illustrated the v1tal role of the autonomic nervous- system in control

« . | . .
of pancreatic endocrine secretion in. calves but they also found that
' exogenous somatostatin'is capable of modifying parasympethetic
_ responses“ | | |

The significant decrease in overall basal insulin concentration

during cold exposure in this experiment is.consistent with rapponses
_reported in young bulls under more intense cold exposure
(Christopherson and Thompson, 1983) In addition " the insulin'secretory f
'response to feeding (Sasaki et al l98&)‘and numerous insulin |
secretotogues (Sasakl and Weekes l986) has been shown to be depressed
zy cold exposure. Since in the. present study, somatostatin turnOVGr i

.

-rate was also lower in the cOld l"ls likely that some factor other
lthan somatostatin was . respoggible for the lower plasma insulin - .
concentration in the cold Catecholamines are a prime candidate because
their secretion rate is increasedlin the cold and they reduce insulin
:release by a- adrenergic mechanisms (Weekes et al l983).h§asaki

and Weekes (1986) also observed that tissue sensitivity and

b
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réspong}veness.to insulin is increased by cold exposure Therefore the
impact of -endogenous insulin concentration on. metabolism may be. 31milar‘“
despite lower plasmavconcentrations in the cold environment

Prior to feeding, free fatty acids play an 1mportant role as an -

: energy substrate for cold exposed lambsv(Sasaki and Weekes, 1986).

-

Postprandial increases in glucose concentrations were closely.

associated with_a decline in‘free.fatty aCldS which is similar to .

. L \
previous findings (Bassett, 1975). and pyobably results fromuthe
fantilipolytic effects of insulin. SuppreSSion of insulin concentrations

.'.during chronic cold exposure .enhanced mobilizatlon of free fatty acids A
and glucose in response to increased sympatho adrenomedullary activ1ty '
and increased thyroid hormone concentrations (Sasaki - and Weekes 1986)

'It is possible that somatgstatin may also act on fat mobilization by
. . "“"v

altering the lipolytic effect of epinephrine (Gray et’ al ; 1980) Our

observation that a large dose of somatostatin 1ncreased free fatty ac1d e

H

.,concentrations within 2 min is consistent ‘with, the latter However‘ at-

= more physiological doses of somatostatin Barry et al. (1985) failed to:
significantly alter plasma free fatty acid concentrations ~The results
indicate that somatpstatin may play a role in regulatlon of- adiposef"'li\
tissue lipolysis however, conclu51ve-evidencepfor a direct role .

draquires further study. | -

In contrast to other studies using sheep (Sasaki and Weekes 1986)

' andbcattle (Christopherson and Thompson 1983), glucose concentration :

. was not influenced by‘environment temperature This may be due to . the

high level of concentrata fed in this experiment.
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Limited'evidence suggests that‘prolonged cold exposure increasesl
plasma ‘growth hormone'concentration in both sheep (Blom et zl. -1976)
‘and cattle (Olsen.and Trenkle 1973). our data with less severeacold 2
. exposure suggests a relacively small env1ronmental temperature effect
on plasma growth hormone which is largely maﬂifested as a reduced
'inhibitory effect of feeding These results concur with the finding of
' Faulkner et al. (1980) Although this correlates with the reduced
secretion of somatostatin in the cold environment it is unlikely that
" a cause and effert rélationship exists since injection of a large dose
of somatostatin had little or ng effect on plasma growth hormone
secretion in either env1rpnment Alternatively, the attenuated
vgpostprandial decrease in plasma growth hormone concentration in the
cold exposed sheep suggests that temperature somehow modifies the
release and/or metabollc clearance of growth hormone following feeding
In conclu51on .plasma concentrations of somatostatin did not- change‘
during cold exposure or after feeding Changes in. plasma concentfﬁtions1‘
of insulin glucagon and growth hormone ‘in response to feeding a&§

concentrate diet do not seem to be related to changes in peripheral
 Plasma concentrations of ;omatostatln,‘although this does ‘not rule out
the pOSSlblllty of a paracrine action within the pancreas Alteration
of somatostatin kinetics by env1ronmental temperature may reflect
changes in somatostatln binding to its reoeptors or alteration of . ratesf
'of clearan?e or degradation However the functional consequences of
e the slower turnover. rate of somatostatin in the cold are . unclear;

A
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Table IV-1. Parameters of two-vomponent.exponéntial,equatioﬁs'for

clearance of plasma SOmétos;Tcin after injection of | '
 somatostatin-14 (1.13 ug kg ™) via the jugular vein in lambs
»;adapted to either thermoneutral (20°C n=5) or chronic cold (0°C

n=4) environments. s ol ST '

_'Enbironmenﬁ
Paramecarsl‘, ‘Thermoheutral, " Gold o SEM

Ay, mLl 20 ‘ 0.365 0.240 -~ 0.053

‘g1, min"! . .85 0.8a8®  0.164

H) o 0.966 . 0.956 - 0.007

Ay, mL’L 2 o011 glou1 0.002

. gy, min’l 0.050" . .0.040 0.012
 H, _ | . 0.034 0.044 10.007

S

a,b Means with different subscripts were different (P<0.05) .
. . . .J‘ »
1 ‘The'zero¥time.intercepts,are A, and Az,»che time congtants._
are gy and g,, and the norma%ized‘intercepts are H; and
" Hy for the first and second components: respectively, o :
disappearance curves for somatostatin concentration divided by
dose.’ ' S _ ‘ : S
2 Zero-time intercepts for the first and second components in thigs
- table were multiplied by 1,000: i.e., 0.000365 x 1,000 = 0.365 as
reported foF Ay for the thermoneutral group..

/.
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Table Iv-2. Basal concencratlon pool size; distributlon space,'
half-lives, turnover rate, metabolic clearance rate

and secretion rate of somatostatin in lambs adapted to either TN
(20 C n=5) or chronic cold (0° C n-a) environment :

¥ " e
Y .

Parameters - - ‘ ‘Environment
Thermoneutral Cold . .SEM
Basal Concentration pg mL -1 29é,3 ‘ C276.2 7.1
Pool Size, pg - . 0.88- o1.12 0.04
Distribution space, L 50, kg‘l : 3.62° . 463 0.61
~ Half-lives, min o ‘ Lo
 fast - 1 o 0.408 0.86° . 0.08
"stow ' ©19.98 18.42 4.80
Turnover Rate, min~ ' 10798 0.81°P 0.17
Metabolic Clearance Rate, ‘ 345 5 218.0 46.9
| L/(h x 50 kg) e -
Secretion Rate, ug/(hx50 kg) 7. sa . 53.1P 8.5

a,b Means wichin the same row with different subscripts are different
(P<0 05)
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Figure IV-1. Effect of meal feeding a concentrats diet.on :
concentration of plasma somatostatin-like immunoreactivity in lambs
adapted to either a thermoneutral (20°C) or chronic cold (0*c)
envirorment. (Feeding was at time=0) (mean + SEM).
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Figure IV-2. [Effect of meal feeding a concentrate diet on plasma

/ growth hormoge concentrations in lambs adapted to either a -
‘thermoneutral (20°C) or chronic cold (0°C) environment. (Feeding
vas at time=0 (mean '+ SEM).
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* Figure IV-3. Effect of meal feading a concentrate diet on plasma
glucagon concentrations: in lambs adapted to either a thermoneutral:
- €20°C) or ‘chronic cold (0 C) environment. (Feeding was at timae=0)
(mean * SEM). S
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Figure IV-4. Effect of meal feeding a concentrate diet on plasma _
insulin concentrations in lambs adapted to either: oa thermoneutral
(20°C) or chronic cold (0°C) envi.ronment (Feeding was at time=0)

‘ (mean * SEM)
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~ Figure IV-5. Effect of ﬁehl feeding a concentrate dldtvon plasma

'INSULIN: GLUCAGON RATIO

insulin:glucagon ratio'in'lambsﬂhdaptedoto either a thermoneutral

- (20°C) or chrpnié'cold.(O‘C) environmdnt; (Faeding was .at fime-O) ;
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) Figuro IV-6. Effect of meal feeding a concentrate diet on plasma N
glucose concent:rations in lambs adapted to either a thermoneutral N
. (20°6Y or chronic cold (0°C) environment. (Feeding was at time=0)
(mean £ SEM). o - E ‘ T o R
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- Figure IV-7, "Effect-ef- meal fseding a concentrate diet ‘on plasma

 free fatty acid .concentrations in lambs adapted to aither a :
- thermoneutral (20°C) or chronic cold (0°C) environment. (Feeding
_was at ‘time=0) (mean * SEM). .- e :
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. Figure IV-8. Mean plasma somatostatin disappearance curves after a
.pulse dose (1.13% 0.08 ug kg™ *) of somatostatin-14 for lambs
in the thermdneutral‘(ZOFC)-or chronic cold (0°C) environments. _
Data points represent observed values. The equation for the line of
best fit (Rz— 0.999) for a tvo-Componing ixponential mode& 805
the TN environment was Y = 0.000365e~L-851t", 0,0000115¢°" >0t
~ and for the C¢ environment was Y = 0.000240e0-547¢ 4 |
0.00001123'0' t, where t is min after injectign.
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Fig&re:IV-Q. Effec: of somatostatin-1l4 challenge (1.13 ug
kg ") on concentration of plasma somatostatin-like

‘immunoreactivity in 10 lambs adapted to either thermoneutral (20°¢C)

or cold (0°C) environment. (Injection was at time = 0)
(mean * SEM). .
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Fig*ro IV-10. Effect of somatostatin-14 challenge (1.13 ug

) on plasma glucagon concentrations in 10 lambs adapted to
either thermoneutral (20°C) or cqld (0° C) environment (Injection
wvas at time = 0) (mean % SEM) .
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.Finge IV-11. Effect of somatostatin-1l4 challenge (1.13 ug

" kg™ ") on plasma insulin concentrations in 10 lambs adapted to
either thermoneutral (20°C) or cold (0°C) environment. (Injection
was at time = 0) (mean * SEM). ) '
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Fi re IV-12. Effect of somatostatin-14vchallenge (1‘13 bg
) on plasma insulin:glucagon ratio in 10/ ambs adapted to

either thermoneutral (20°C) or cold (0 C) environment. (Injecﬁioﬁ
vas at time = 0) (mean * SEM)
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"Figvifre IV-13. Effect of somatostatih-la challenge (1.13 ug ’
k

8 ~)-oh plasma growth hormone concentrations in 10 lambs adai:t:ed
to either thermoneutral (20°C) or cold (0°C) environment. B L
(Injection was at time = 0) (mean * SEM). -
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. Fi re IV-14. Effect of somatostatin 14 challenge (1. 13 J73-4

) on plasma glucose concentrations in 10 lambs adapted to
eicher thermoneutral (20°C) or cold (0°C) environment. (Injection
vas at time = 0) (mean * SEM).
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Fig¥re IV-15. Effect of somatostatin-lé4 challenge (1.13 ug
kg ") -on plasma free fatty acid ‘concentrations in 10 lambs

. adapted to either thermoneutral (20°C) or cold (0°C) environment.
(Injection was at time = 0) (mean * SEM). S ‘
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-czﬁzﬁALzﬁIscussxonf'
In the past 15 years much of the knowledge regardlng the role of
somatostatin in metabollsm in nonrumlnants has been delineated
(Brockman and.Laarveld, 1986). In the few studies where the role of
sonatostatin has also been_studied in ruminants the.results are often
similar‘to those .for nonruminants.. The results presented here provide
some basic information on the role of. §omatostatin in response to cold
exposure in rumxnants |
: Basal plasma somatostatin concentration was not affected by cold
exposure,xwhich was infcontrast to:the findings_offFaichneykand ﬁarrf;-
4(1986) wherelmild heat exposure elévated somatostatin concentrations.
ln'arsteady.state;‘plasma chtentrations are a reflection of ther
‘balance between'the secretion and metabolio olearante rates of a
hornone andvthese Qere altered by cold exposure Cold exposure
prolonged the half life of somatostatln and decreased overall secretion
rate._Increasing the half-life of somatostatin could be the result of a
‘decrease in,degradation rate by-plasma peptidases,'in the removal by
the liver and kidney,vor~uptake by tissues and organs The rate of
degradation of somatostatin by hypothalamlt peptldases was decreased by,
administracion of thyrox1ne in. anlmals suffering from hypothyr01dism
(Dupont et-al;, 1978), although there'ls no lnformation‘regarding the
effects of thyroid hormones above the normal range. We found that

chronic cold exposure signifioantl} increased plasma tri%iodothyronine;
) - R .

but nbt~thyroxine concentrations. Alteration of peptldase enzyme

~activity. by Cherld hormones eould be important in alterlng the

degradat;on rate of many of the plasma hormones.

113
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To maintain Similar basal concentrations of somatostatin while

_decreasing metabolic clearance rate, a decrease in secretion rate must

also occur. Since somatostatin is released from a multitude of sites in
.response to a number of different Stlmull‘ it is unclear whether
secretion rate of somatostatin is altered equally at different sites by
cold exposure |

we were unable to show any effect‘of somatostatin on’ reticular
motility in either the thermoneutral or cold envirdhment This is

-3

consistant Wlth the finding that prolonged infusion of somatostatin in

a thermoneutral environment had no significant effect on the passage

rate of digesta from the reticulorumen (Barry et al., 1985)7and

: suggests that other.mechanisms, such as cholinergic innervation fromi
the medulla oblongata (Kennedy et al., 1986) are more important in:the
'control of motility in che forestomach

In this studyj small increases in plasma somatostatin concentration
‘produced inconsistent. alteration of the migrating myoelectric complex®
Both the direction and amplitude of this change in duration was not
always the same. It is unclear why the duration of the migrating
myoelectric complex was suppressed at the two higher doses of
somatostatin in the acute cold‘experiment ‘while. pharmacological doses
of somatostatin have produced increases in the duration of the
migrating myoelectric complex (Yamada, l987)i A direct correlation
between the rate of passage of digesta and muscle contractions can not
be made oecause intestinal tranSit is the result of several fac ors,

including type and frequency of contraction waves viscoelasti

properties of chyme, and volume fluxes of the digesta (Meyer, 1987).

oy
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Ruckebusch;, (1987) has suggested that in sheep and cattle the rate of
. : Y .

passage ofvdigesta along the intestine'parallels'the migrating
myoelectric complex. If this is the case, our‘findings of a reduced

'duration of the MMC due to somatostatin would indicate an opportunity

1.,

for a greater number of MMCs per day, and hence an increased rate of

* passage of digesta. Barry et al., (1985) found an ‘increased retention

L)

time in the post-ruminal portion of the dlgestlviptract However it is
possible that the accumulation of dlgesta in the antral region, which

they found, was due to somatostatin acting_on the duodenal bulb,to slow -

the rate of passage from the antrum into the dﬁodenun (Ruckebusch and
Merritt,” 1985) -and once in the duodenum digesta may have been rapidly

propelled along the small intestine to the caecum. ..
Co o~ v

In nonruminants, one of the maJor stimuli. for somatostatln release

within the digestive tract is feeding (Schusd21arra 1980) or, more.

-~ . :
preclselsy, intragastric increases in protein, triglyceride or

carbohydrate concentrations. In our study we did not detect any change

L

in. peripheral plasma somatostatin concentration in response to feedlng,

although the liver plays an 1mportant-role in the removal of

somatostatin from the blood, and thus mighe, have masked any small

' changes in somatostatin concentration within the hepatic portal blood[

: ) . \
One of the functions of,somatostatin releasé' n the gut is thought to
p .

be control of the rate of nutrient entry into the body (Schusd21arra
1980). Thls function may be less important in the rumlnant where the

reticulorumen acts as a Suffer w1th a contlnuous outflow of nutrients

entering the lower digestive tract (Bassett, 1975), which may affect
. . [ A - . .

the release of somatostatin from <the digestive tract and from the

=

pancreas .’
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Somatostatin was effective ln increasing plasma free fatty acid-
concentations in a dose-dependent manner and potentiated the
cold- induced rlse in plasma free fatty acid levels during acute cold
stress. It is ‘unclear from thlS study whether this was due to direct or

indirect effects on lipolysis or due to'a decrease In utiliaation by
. . -

tissuesv Both‘types of response have,been proposed (Gray et al}, 1980:
Minaire et al., 1981l). The effect of somatostatin on plasma glucose -
concentratlon was much smaller than for free fatty acids and could
lndicate that glucose concentration rs more tlghtly regulated It-may
also be  that somatostatln has a smaller effect on the liver than on .

a R
adipose tissue.‘This is supported by‘ln vitrovuork where somatostatin
inhibited both gfﬁcagon stlmulated glycogenolysrs and gluconeogenesis
whereas it had no-effect on ep1nephr1ne¢3t1mulated glycogenolysis
(Oliver andqﬂ/gle, 1975). Slnce at the,doses of somatostatin used in
these experlments somatostatin had no effeqt on plasma glucagon T
concentration, the effect on the llver might be substantially smaller.

| Over the short-term ba51s of these experiments, exogenous

_somatostatin had littleveffect_on either rectal or peripheral skin
temperature, although somatostatln dld decrease heat production ln
-sheep accllmated to thermoneutral and cold environments Heat
production may ‘have been reduced as a result of decreased uptake: of
" substrates by tissues and thus would suppoert the concept that glucose
and free fatty acid utilization were decreased. We can not rule out ‘the

p0551b111ty that these anreases in plasma glucose and free fatty aclids
‘ ™

resulted from increased absorption from Lthe gut, release from"

- endogenous stores, or from increased de' novo synthes%s) Intravenous .



117
infusion of somatostatin seems to arfect only the rate of hegE
productionJvwhereas"injection of somatostatinhinto the CNS
(intraventricuiar) decreases heat oroduotion and peripheral
vasodilation (Chandra et al. | , 1986), possrbly by altering epinephrlne
release from the. adrenal gland (Brown and Fisher, 1984) Thus it seems
that the actions of somatostatln may be different depending upon the
‘site of injection.

" In theSeiexperiments,»pancreatic hormone seeretions were not ,

. | .

affected by the contindous-infusion of somatostatin, although the
pancreas tended to be more respon51ve to the hlgh dose used in the A
metabolic clearance rate trial. This is 51m11ar to the flndlngs of
ocher studies with sheep (Barry et al. 1985 Brockman and Laarveld
1986),‘Ihe gffects of cold exposureiOn plasma insulin and glucagon
concentrations were nariable. Both insulin and"glucagon concentrations

were lower in the cold durlng ‘the feeding and metabolic clearance rate

trial but were not affected by tempe;ature in any of the other

- »experiments It is unclear as to whether this was due to a dlfference

In sex, length of cold exposure, or perlod of fastlng, or to some other
type o% stimuli. However 51m11ar varlatlons in 1nsulln and glucagon |
responses to cold have been prevrousl; found (Sasakr and Weekes 1986)
Plasma _growth hormone was not affected by cola exposure in these
trials, in agreement with the findinés of Faulkner et al., (1980).
the other hand,fmore'severe cold'exposure has been shown to increase
-growth hormone concentrations'in_both sheep (Blom et al., 1976) and
cattle (Olsen and Trenkle 1973)' Cold exposure ;::;s to alter the

growth hormone response - after feedlng Growth hormone concentrations
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. were only marglnally decreased after feeding in the cold’ environment

whereas the decline was more substantial in the thermoneutral
SN :
environment Suggestlng that temperature somehow modifies the release

and/or metabollc clearance of growth hormone following feeding

Somatostatln inhibited the post cold increase in growth hormone during

v

the acute temperature ererlment Thus, env1ronmental temperature may

“affect the responSLVeness of the hypothalamus and reduce growth hormone

secretory response.

In conclusion envxronmental temperature does not seem to affact

basal concentrations of somatostatln although it does-affegt

.

somatostatln kinetlcs.,Somatostatin; at phy51ological doses .can modify

ones‘which regulate these met olites are not affected, includingn
, glucagon, and growth'hormone. This might resultlﬁrom a
decrease in utilization of the metabolites ‘since somatostatin
decreases oxygen consumptlon in both the thermoneutral and cold

environments, or 1t may be’due to an effect on the rate of absorption

from the lower gut.”
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APPENDIX

Table 1. Feed composition for 20.4% crude protein diet used ffr the
-acute cold experiment in chapter II and was fed at 28.8 g kg~
body weight. : :

Barley 79.0
Soybean ... . 18.0-
Limestone ‘ 1.0
PermapelTM 2.0
Vitamin A,D,E 0.2

100.0%

expressed as fed basis, 85.2% DM.

2
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-Table 2. Feed composition for 18.8% crude protein diet used for the
chroniC-cold experiment outlined in chapter II1 and was fed at 28.8
g kg™~ body weight. '

Barley R 79.0

Soybean ' 18.0 °
Limestone ' 1.0
PermapelTM _ - 2.0
Vitamin ‘A,D,E : 0.2 ’ .
: . . 100.0% w.

expressed as fed basis, 87.3% DM.
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-Table 3. Feed composition for 19.6% crude protein diet used in the
effect of feeding and metabolic élearance rate experiments and was
fed at 28.8 g kg'* body weight.

Barley.v

79.0

Soybean ' 18.0
Limestone 1.0
Permapel 2.0
Vitamin A,D,E 0.2
‘ - 100.0%

expressed as fed basis, 86.1% DM.V
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Figure 1. Demonstration of parallelism with increasing quantltles
of pooled sheep plasma (5 10, 25, 50, 75, and 100 uL).
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Figure 2. Parallel displacement of standard curve by addiﬁién’of a
constant amount (10 uL) of pooled sheep plasma, :
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