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PLASMA LEVELS or INSULIN. GLUCAGON. AND 
PANCREAJIC PO[YPEPTIOE IN RElAIION-rQ 
AOlposiTY IN GENETICAlLV- SELECTED rAT 

DD, [(AN CH 1 CkENS 

ASSTRACT 

HUGH DOUGLAS OIHOCK M. SC. ANIMAL SCIENCE 

A genetically fat 11nc (FL; of chlcken has <l lower glycemllJ 

\ -' 
than Il lelln Ilne (LL). Four and f1ve woek old ChlCkn \liere 

ob 

subJoct.ed ta dlfferent states (fea, fasted 16 hr., and 

foetod then re-fed), amblant telllperatures (SOC and 24°C) and 

d 1 e t 8 i n 3 0 x pel' 1 men t sn, F a B t 1 n 9 r e duc e d 9 l Y c e m 1 .il b Y 4 t. - 5 lJ 

o 

mg~ versus fad levela, and by 65 mg% versus re-fad levels 

and, while plolomà lneulln (IRI> levels 'decreased, glucagon 

(IRG) incre9s8s ware Inconsistent. Plasma aVlan pancreatlc 

pol ypeptlde '(APP) levels wore hll)hest ln re-fad brrds ,,0 

tlmes fasted lève1s) y'araua fed (2-3", times fasted 
~ 

levels). 

Though hypothesizcd ta be Ilpogen.Lc, APP and IH! tevels were 
, , 
no tel e vat e d in the F L. Ina n e exp e r i men t, the, l R Gï ..! R 1 mol a r 

ratIo was aignlflcantly hlgher ln fasted LL veraus Fl birdo 

suggeating an Increased abllity of LL buds ta moblllZe fat, 

ss hypothesized. In reap,onse to cold, IRI, IRG, and IRG/lnl 

molar ratios changed ln a direction consIstent wlth 

conversion ta a catabolic stete. 01etary fat suppleméntatlon 

increascd p,lasma glucose levels w!th no change' ln plasma 
~ 

IR 1, 
~ 

or frce fatty acids, suggesting a glucose sparlng 
, 

ef,fect. .Wlthin 1ines, il riae in percent abdominal fat WQS 
. 

correla.ted w!th (1, reduced glycemia in the lL only. Absolute ' \ 



differences in IRI, IRG, or APP levaIs.2.!..f..!..! could not 

account for thefl'fattenlng of the fl' .. IRI and IRG were not 

negatlvely correla..,ted ln the fL, 

relatlonship. Equivalent IRI levels 

sU gg estln'g'1 abnormal 

in both 11ne8 'lep lled an 

increaaed sens1tivity toIRI in the F"L. 
'v. 

"' 



CONCENTRATIONS PLASMATIQUES DE L'INSULINE, OU GLUCAGON ET DE 
LA t~POLYPEPTIDE PANCREATIQUE EN RELATION AVEC l'ADIPOSlfE ET 

" LA 'SELECTION GENETIQUE DE POULETS GRAS OU MAICRES -

RESUME 

HUGH DOUGLAS DIMOCK M.SC. ANIMAL SCIENCE 

La glycémle est moindre chez des poulets d'une llgnée grasse 

(LG) que chez ceux d'une Ilgnée malgre (L~l). Des poulets 

agés de 4 et 5 semaines ont été soumlS à dlfférentes 

sltuatlons (sans Jedne, jedne de 16 heu.tes, 'ou Jedne de 16 

heures et renourrls), à des .varlatlon~, de température (SOC 

et 24°C), et à dlverses ratlons dans trois expérlences. Les 

poulets à Jeun avalent une glycémle lnférieure de 40 à 5umg% 

à celle des poulets sans jeûne et, de 65 mg7~ à celle des 

poulets renourrlS, alors que leurs concentratlons 

plasmatlques d'insullne (IIR) étalent mOlndres et que celles 

du glucagon (IGIR) montralent des augm'entatlons 

lnconSlstantes. Les pou let s r en 0 ur r lJS a val e n t des 

concentratlons plasmatiques de la polypeptlde pancréatlques 

aVlalre (PPA) trés supérleures (6 fOlS celles du jedne) à 
1 

celles des poulets sans JeÛne (2-3 fois celles du jeûne). En 

dépit de leur potehtlal Ilpogénique, les concentratl0ns PPA , 

, et IIR n'étalent pas supérieures chez les poulets LG. D~ns 

une expérlence, la fractlon molalre GIR/IIR à la fln du 

J e û n e é t a l t plu s 9 r a CI de che z les pou let s L M que L G' , 

lndlquant une mellleure abillté des poulets LM à moblliser 

leurs gralsses, t,~l qu"antlcipé. Le frold a amené des 

modlflcatlOrlS dans .JIR, GI~ et les fractlons molalres 



GIR/IIR conslstantes avec des activités cataboliques.·Une 

rat.Lon enr1.ch1.e de gras a causé une plus forte glyc'émie sans 
~ 

a f f e ete r l IR; G 1Re t les a cid es gr a s lib r e.s dan sIe pla sm a , 

suggérant· une protectlon du gClucos'e. A l'intérieur des , 

Ilgnées, seuls les pbulets LM ont montré qu'une augmentation 
, 

dans le pourcentage du gras abdomlnal était associeé avec 

une f::ductlon glyCdmlque. Les dlfférences absolues dans !IR, 

GIR et PPA ne peuvent ~ se expllquer les mécanismes 
C> 

d'e n'9 r a ,1 S 5 e men t des pou l e-t 5 L G. Che zee u x - Cl, 1. ln' y a val t 
\ 

pas une corrélatlons négatlve entre !IR et GIR, indlce d'une 

lnterdependance anormale. Des concentratlons d' l l R 

pla sm a t l q U es s l m lla.1 r e s che z l es pOU let s des d eu x Il g né e s' 

1 m p Il que nt' une sen S 1 t l v l té ace rue à II R c he z. les pou 1 e t s L G • 
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GENERAL INTRODUCTION 

Over the past 35 years or SD the broiler industry h~s 

selected chickens demonstrating fast growth resulting in 

earlier marketability. Conco~mitantly, excess fat deposition 

has resulted. In an effort ta understand the mechanisms of 

this fatness with a view to producing birds of lower fat 

content and more muscle in this s\me length of time, the 
\ 

mechanisms governing fat deposition Le. ~ntermediary 

. 
metabolism,and lts regulation were studied. 

A 'f a t lin e (F L) and a 1\ e a n lin e (L L) 0 f chi c ken w e r e 

developed, in France, by Bernard LeClercq and co-workers .(1) 

by divergent selection from a mixed though com~on gene pool. 

Bath lines grew at the same rate and consumed the same 

.mount of feed yet the fat line deposited more fat then the 

lean line. Normally, w~en chickens are compared to mam~alian 

species, they are hyperglycemic with plasma g.lucagon levels 

severalfold higher and plasma insulin levels several timès 

l 0 w e r • The se are a m'o n 9 the m a j 0 r d ete r min a n t s 0 f f u e l 

homeostasis, and thus could be implicated in differential 
, 

deposition of fat versus proteine The FL was found ta have a 

plasma insulln concentration which tended ta be higher than 

the lean line (though nonsignificantly sa) with a 

corresponding and significantly lower plasma gluco~e. It wa~ 

thus of interest ta investigate the se and ot,her' parameters 

involved in intermediary metabolism in these experimental 

l 
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lines. Glucagon, often said ta be more important th an 

insulin as.a met_~bolic regulator in the bird, wes chosen, as 

weIl as avian pancreati(c.polypeptide (APP) ta further 

develop an hypothesia related ta the development of fetness.· 

,. 
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lITERATURE REYIEW 

1 ntroduction 

\ 
This review will begin wlth a dIScussion of th~ present 

o 

knowledge of the glucoae-insulin relationahip in the FL with 

)spect ta accaunting for differences between the Fl and Ll 

birds., A bri.ef di.aC')SSlon of glucoregulat:~lon and hormone­

receptor binding as found ln mammals, with appropriate 

cross-referencing to aVlan species where data are available, 

W i l l fol l 0 w. Ne x t , a dIS eus s ion 0 f the a n a tom yan dl end 0 crI ne 

cell typea of the avian pancreas will ~e presented. Then, a 

short descr~ption of the pancreatic endocrine hormones of 

in ter e a t, the i r s't rue t u r-tt s , and m 0 de a 0 f' a c t ion and 
.; 

interactIon wi Il be alluded to. The maJor differences and 
. 

aimilarities between blrds and mammals ln thelr control of 

\ 
intermedlary metabolism will be discu6sed throughout. 

'finally, fat metaboliaro, as it ia belleved tO\ be l"egulated 

in the fL and LL birdsowIIl be revlewed leading up to the 

hypotheses of thlS project. ~ 

Mode-ls of f atness and the fL/LL 

Mammalian modela auch a& the Zucker rat and the ob/ob mouse 

ar'e useful for the study of mammalian obesities. These 

rodents exhibit single gene autosomal-recessively inherited 

(monogenic) obesity (2). As complex as such monogenic 

obesity ls, polygenic obesity, the type found in poultry, is 

even more complex (2). Thus the understanding of obesity in 

poultry requires avian models since one cannet extrapolate 

3 
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1 

From other experlmental models. It 19 for thlS feason that 

the FL and LL of chlcken were de'Veloped. Other' fat and lean 

chicken modela have also been studled 0,4). Whlle the bOdy 

fat content of the fat 11ne used ln thlS <'research lS 

slgnlflcantly greater than that of the lean 11ne, a 

massively obese conditIon, such 9S found ln mammallan 

models, does not eXlal. Rather, the FL mlght represent the 

type of bIrd used commerclally ln Canada and througt-faut the' 

world. Dlseases such as auto Immune thyroldltlS have been 

Implicated in obeslty in other aVlan models (5). 

De v e l op men t 0 f the s~ a t' and le a n b lr Cl s b e 9 an InN 0 u Z III y,. 

France at the StatIon de Recherches AVIcoles, ln 1976, when 

brollers were selected for dlvJgent abdom'lnal fat ta bOdy 

welght ratios (1). AbdomInal fat W8S ,hlghly correlated ~uth 

total carcass IIPlds 0,6). The program was designed ta 

praduce lean and fat bl.rds w1th 'slmllar ,ll.ve welghts at 63 

days of age. Selection was based solely on the fattening of 

males. Changes ln the ratIo af abdomlnal fat ta body welght 

. 
ln the twa lines l'lere rapid (1). The effect of selectlO(l on," 

other adlpdse tissues l'las a180. studled. 1 n 52- day- a l d ma l e 

ChIC kens the FL ta LL ratla l'las 4.L for abdomlnal fat, Z.ér 

for subcutaneous fat, 1.5 for adipose tissue located between 

muscles, and l.u for lntramuscular total llpids (7). 

1 

Differences in body temperature or feed Intake could nat 

'" ace 0 u n t for the F L d e p 0 s i tin g' m 0 r e fat. H 0 w e ver, i t w a s 

observed that the FL chickens showed a 
, 

decrease ln the 

4 



plasma glucose level saon after hatchlng ln bath the fed and 

fasted states. lt was then observed that a glucose-lnsulln 

Imbalance eXlsted ln the FL and thlS was used to partlally 

explaln the excess adlpaslty (8,9). ThIS Imbalance was 

observed after a glucose load that ellclted a greater 

(sometlmes three-fold) Insulln release ln the FL leadlng 

. t a w a t d m 0 rel l p 0 9 e n e s l 5, rel a t l V e t 0 the L L • More 

speclflcally, at 6 and 8 weeks of age, glucose tolerance 

testlng ellclted a slgnlflcantl.y hlgher Insulln release ln 

the FL versu~ LL chlckens concommltant wlth a faster rate of 

decllne of glycemla From peak values at 6 weeks àf age ln 

~he FL but n6t at S'weeks of age. An lnsulln "reslstance" 

was suggestea at thlS latter age ln the FL (9). Indeed, It 

lS known that obeslty ln man and ln mammals 19 often 

assoclated wlth glucnse Intolerance and accompanying 

h~perlnsullnemla. Obeslty '15 a -progresslve condltlon 

comptlslng two maIn phases: an e?rly one wlthaut Insulln 

resistance, and a later one w~th apparent Insu(ln reslstance 

Dû) . 

, 
Three hypothetlcal mechanlsm9 nav~ neen'suggested to explaln 

why the FL chlckens do not become avertly obese ln the lon)g 

term: 1) genes of true obeslty eXlst ln the chlcken but were 

not present ln the Inltlal selected flock, 2) other 

regula'tory mechanlsms develCJp and counteract' the Initiai 
Ct.. 

propenslty or 3) Insulln receptors, 'WhlCh are already 

Il • 
largely depressed ln chlcken tlssues, do not "down regulate" 

... 
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in response tn increased 1nsu11n levels after food lngastlon 

sa that no overt hyperlnsullnemia develops ln the FL ChlCks 

( Il ) • The p h Y s i a 1,0 g l cal s l tua t l 0 n 0 f F L c h l C ken sap p e ars 
~ 

similar ta the short-llved "preopese" state observed ln 

mammals (ll). 

, , 
Carbohydrate and 11Pld metabollsm and thelr hormonal control 

ln blrds dl ffer ln some respects from those WhlCh operate 

ln mammals" (for reV1ews' see 12,13,14,15). For example, ln 

basal glucose levels are tWlce those round" ln 

mammals. Beforel> beglnnlng a more detalled d1Scusslon of the 
, 

blrd lt should be mentloned that most of our knowledge oJ" 

aVlan carbohytirate and I1Pld metabollsm lS 

s t u d les u s l n,g "d am e"s tic" a v l a n for mss u cha s 

duck, goose, and to a lesser extent tne pigeon. 
~' 

understand1ng of many aspects of aVla~ metabollsm has lagg d 

behlnd that of equl~alent relat10nshlps ln mamma11an .. 
( 12) • 

MLle h 0 f tl, e k no W l e d 9 e gal n e d 'W.1 t h r e s pee t t a the pan cre a t' 1 C 

hormones .ln blrds and thelr roles ln metabollsm has come 

from !' art l f l C laI " • exp e r l men t aIs l tua t 1 0 n S 1. n vol v l n 9 l n 

::!.. l t rot e C h n l que s, _ l n J e c t l 0 n a f p h a r mac 0 log cl cal ,a mou n t S 0 f 

. su b st a n ces and s Ll r 9 H~ ale x t l r-p a t l on 0 f the pan cre as l t sel f. 

"The results have been valuable though at tl'mes' confuslng. 

They must be lnterpreted keeplng ln m1nd the experlmentaI 
1 

sltljations Jrom whence they came. Wlth thlS ln mlnd an 
< • 

attempt Wlll be made to provlde an overvlewYof the knowledg~ 

.~ " 
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to "date in birds and the methads used ta gain this 

knowledge. 

G lucore9ulati on 
\ 

A. Glucoregulation in the steady resting state 

The brain requires a constant supply of fuel throughout .life 

t 0 en sur e he a l th and sur v ~ vaL The r e h'a s th use vol" v- e d,~ In­

b i rd san ~ -m a mm aIs, a v i r tua 1.1 y f 0 0 1 pro 0 f s y ste m for 

.ma1ntainlng cérebral fuel delivery to deal with rapId and 

unpredictable changes in the avallabl1ity of cerebral fuels . 
ln the envIFonment (16 ). 

1 

Except'· durIng meais ana durIng extended fastIng, productlgn 

, 1 

of glucose by the liver 15 the sole sou.rce of cerebral fuel . .: 

Ina non - s t r e s s e d no l'ma l s u b J e ct, ,t h e bas a l glu cos e, ·1 e v e l 

wlll tend to remain the same (70-119 Ïng% (mg/dl ln SI unlts) 

;tn humans; IBli-24G mg% in- Q,Hds) day after ~ay because of 
< • . 

the l n tri n SIC . f e e d bac k l 0 0 p s h ~ n in, fig ure - l Cd Ii ) . For 

example, any tenqency for the glucose concentration ta 

Iocrease is counterbalanced by an 
.P' 

l n cre a S'e ~i [l l n sul 1 n 
'1:1 .- '~.., ~ 

, 
L- secretIon and a suppressIon of glucagon secretion, which 

regula~e hepatic glucose productl.on and b.ssue glucos.e 

uptake to keep the p1asm~ g)ucose concentration constant' 

(17). If the subJect gains weight or becomes insulin 

resistant, blood glucose levels may increase, resulting J.n 

increased insu l in secretion ta compensate ~or the insul ~n 

reS~$tance. Th 
. .1 

us, InSU~ln and glucose le~eLs are modulated 

7 
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Fi gure l 
'1îJ 
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--

\.j. 

- . 

A model for steady-state regulation of plasma glucose. 
Plasma glucose has direct éffects on the pancreas to 
increase in5u1 iJ1 and decrease gl uca_90n secretion during 
hyperglycemia, and ta increase glucagon and decrease 
insuli·n secreti on d'uring hypoglycë-mia. Gl ucagbn stimul':: 
ates glucose production, and, insulin sup~resses glucose 
production frQm the liver and increases-glucose uptake 
in the muscle à'nd fat. Glucos,e uptake i's not ,nsul in­
dependent in the brain.'Any change in hormone setretion 
or hormone sensitivity will be modulated by·this 10Qp 
ta minimize the change in glucose concentration and 
maintain peripheral glucose utilization. (From Pfeifer, 

.M.A., J.B. Halter, and-O. Porte,-Jr., lm3l. Insulin 
secretion in diabetes mellitus. Am. J. Med. 70:579.), 

8 

__ !i>ri 

-. 

\ 



: 

, , 

, / . 

. . 

\ ' 

( 

.,' 

. . 

c' 

o n, 

" ' 

\\ /\' 

o < 

.. 
, 

" 
/ 

in an, effort .t;to minimizé' chan1;les in these concentrations 

W h ,i 1 e r e 1 a t f v' e l y n 0 r mal pro duc t'i 0 n and u t i 1 i z a t ion 0 f 

glu cos e . à r e . b e i n' g m ~ i n ta i n e d (l 7~). fi h i let h e r e are m â n y 
r- , 

influenc~s tending to increase or ta decrease plasma glucOse 

le..vels, the, end result of glucoregulation i9 not only to 

"a~Qid" hy'pe~: and hypo-tfl.ycemia but to keep fluxes norm.al-. ' 

within a tightly regulated range. 

/ 

Control ·over' adaptation ta fasting, in mammals, i8 exerted 

primar!l y by rnsulin and seco'ndafily by the interaction of 
, \ . . 

insulin and gluca90n and with tlp~rmissive" e\ffects by a \liide 

variety of hormone ffi'Sldulàtol,'s (lB) (see table ·1). 
, '1 

Circuiating, glucos'e. lev·els decline, and,combined with other 

influences, serve ta lower insulin levels (lès). This decline 

resu~ts in an increase in -adipose tissue lipolysis (with a 

-resultant increas.e in plasma free .fatt'y acids (FFA) and 
, ~ , 

'glycero.l) and 'release ofràmino acids From mus~le proteine 
d ;~ 

The liv~r,.~takes up mo}e,- fatty acids and gluconeo"genic, 

8ubs~rate for energy supply, for k"etogenesis -and for 
~ ~ 

gluconeogenesis. G l'ycogenO,l ysi s occ urs in, ths 'liver to 

" .-further suppl y gluc;ose. ~. 

>0 U' <l 

B. Glucoregulation during 8ur~ival crises 

Maintenance of cerebral glucose delivery during Il fight or 

" 
flight" emerg,ency situatîons, requires instantaneous 

adjustments of the s'teady st~te equi'libria that prevail in 
" 

,/ 

the r est i n 9 and ne a r - or est i n 9 ,s t e a d y st a te. l t l sin the s e 
, . 

, situations that, in terms of species survival, the most 

9 
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Prima,., regu.at,!n 
Insuh" 

.' 

Insuhn·glucagon telatlonshlp 

Modut.tor:s 
Pi tui tary 
, Growth Hormone 

ACTH. ProlactlO. TSH 

Adren.1 . 0 

Glucocorticoids 
Cltect'0l amInes 

Reproductive Organs 
Estrogens 
An dr 0 IlPns 
Placental lactogen 

" 

, . 

,-

. Thyroid 
Throxlne (T., 
Trilodothyro.nine (T,) 
revlme triiodothyronine (rT, ) 

Other 
Somatomedins 
Som.tostatin 
Gr . cors 

~"""'Gut hormones 
~ ~. 

TABLE 1 Humoral regulation of energy and prote;n homeostasis. 
(From Maf'liss, LB., 1978. The physiology of fasting 
and semistarvation: roles of 'caloristat' and 'amino­
stat' mechanisms. In "Recent Advances in Obesity Re­
search: Il, Proceedings of the 2nd International Congr­
ess on Obesity,'" B'ray, G.A. {ed.), Westport, Conn.: 
Food and Nutrition Press, Inc.) 
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important' ~slet cell response lS required \16). Slnce the 

energy stores within the exercislng rT)uscl es (glycogen and 

l~pids) are llmlted, exerClse requHes a substantlal 

increase ln glucose and free" fatty aCld productlon. 

Consequently, hepatlc glucose productlon must constantly 

equal the tl>tal gl ucose used by the brain and by exerc~slng 

muscle (16). '" 

The major hormonal medlators of th~s hepatlc response are 

the catecholamines and glucagon, their relat,ne lmportance 

varYlog frQIiI BpecIés ta species. CertlSol levels rlse ln 

exercise and may weIl potenbate"and prolong the effects of 

glucagon and catecholamlnes on the llver (16). 

At least two averlapplng glucoregulatory systems eXlst ln 

mammals to prevent and/or correct hypoglycem~a: 1) the 

islets, WhlCh are the moment-ta-moment regulators of glucose 

flux under basal and near basal steady state COnd.ltlons, and 

2) the sympathetic nervous system, WhlCh prevents 

hypoglycemla durlng exercise-lnduced glucose need. Bath 

systems must be able to detect decl.lnes ln plasma gl"ucose 

and slgnal the liver te enhance glucose productlon and 

release (19). It lS generally believed that simllar systems 

operate ln aVlan speCles. 

The m e dia t ors a f the s y m pat h e tic n e r vou s 'S y ste m , the 

catecholamlnes, act bath by glycogenolybc and gluconeogenlC 

actlons on the Ilver, Vla the Islets, through alpha­

adrenergic suppression of insulin and beta-adrenergic 

Il 
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stimulation of glucagon and by inhibiting Insulin-medlated 

el;lripheral qlucoae utillZation (19). 

~ Dur'ing exercise in mammals and birds, the sympathetic 

nervous system replaces glycemia as the prlmary controlllng 
l , 

influence over the Islets; alpha-adrenerglc InhibItIon of 

-:insulln secretion (20) and beta-adrenerglc stimulatIon of 

glucagon secretion (21) regulate ,the lslet response ln 
1 

, 
anticIpation of, rather than in response ta, increased 

glucose utllizat~on \.19). 

C. Glucoregulation during .eala 

Durlng al~mentatIon, the raIe of the Islets lS to prevent 

excessive Increases in the plasma levels of the ingested 

nutrients, ln partlcular glucose. The response of the 

islets will vary wlth the compositIon of the meal. For 

example, a meal devO.ld o,f carbohydrate trlggers a glucagon 
P' 

response to prevent hypoglycemia frôm the protein-induced 

insu1ln secretlon (16). The ability of normal indivlduals ta 

ingest large glucose loads with but a mpdest change ln 

glycemia is due ta the appropriately tl.med and quantltated 

release of insulin with the raIe of glucagon ll.mited' to 

determinlng the fraction of the ingested glucose stored in 

the 1iver (16). 

" F'unctionally, hormone binding usually involves' the 
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f0110wing: 1) the receptor ,-sites bind,the corresponding . . 
hormone with a high degree of affin~ty and specificity, 2) 

the specifie bindlng s~tes are flnite ln number, 3) they are 

located, or predominate, on the cell plasma membrane, 4) 
.'/Q 

hormone binding is rapid and reversible, and 5) hormone 

binding ta these sites can be related to the biological 

effects of the hormone either dlrectly or lndirect1y (22). 

It should be mentioned that 50me receptor sites can vary 

from havlng a high affinity for their respective hormone but 

a 10101 binding capacity to others which have a low affinlty 

coupled wlth a high capacity for hormone bind~ng. 

Hormone action on a target celi lnvolves: 1) bindlng of the 

hormone to the receptor and formatIon of the hormone-' 
"\ 

r.e cep t ore 0 m pIe x (H R ), 2 ) " cou pli n g " b e t w e e n (H R) and the 
1 

effector(s) which results, Vla the formation of a second 

messe,er, in the modification of a variety of events, e.g. 
\ 

stimulation of membrane transport systems, enzyme actlvatlon 
\ f 

or inactivation and modification of protein synthesls (22). 

Hormone action lS also dependent upon its concentration in 

the circulation and the statua of the receptors Le. whether 

the receptors are repressed or derepressed. Therefore, 

metabolism ~s regulated by hormone needs, stores, and the 

methods for controlling hormone flux. The abllity of 

hormones to respond to stimuli, to either increase or 

decrease their concentratlon is v~~al for normal body 
\ 

met a bol i.s m. Ina d dit ion the r e i s a loi ide var i e t y 0 f po s t-

13 
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receptor event~hat determine hormone -effecH venesà. The 

events surrounding the pancreatic release of inaulin and 

glucagon, frollt 8 and A cella and the other factors 

con t r 01 lin 9 9 l Y c,e mi a a rat 0 a nOu me ,r 0 ua ta dis eus s but a r a 

summarized ln figuras 2 and 3 raspectivaly. 
\ 

.. 
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\ INTERACTING SYSTEMS IN INSULIN SECRETION 

Figure 2 Neuroendocrine regulation of the B-cell. A sUlTIT1ary des..), 
cription of some of the factors impinging on the basic 
glucose control of instJlin secretion. (From Smith. P.H., 
and Porte, D., Jr. 1976. Neurophannacology of the pan­
creatic islet cells. Ann. Rev. Pharm. Toxicol. ~:269) 
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Figure 3 A schematic description of the neuroendocrine regulation 
of the A-ce 11. (From Porte. O., Jr., et al. 1976. Neuro­
humoral regu1ation of the pancreatic islet'A and B cells. 
Metabolism ~:1453) 
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~ Avian Pancreaa 

The avian pancreas ie a discrete lobular structure lacated 

in the duodenal loop. It consists of three large lobes, the 

ventral, dorsal and "third" lobes. Extending in isthmus-like 

f.aB~ion From, the IItf:i!Î.-d ll lobe is a very small splenic lobe 

( 2 3 , 2 4 ).' The end 0 cri n e pan cre a sis dis P 0 s e d - t h r 0 u 9 hou t the 

e)(ocrine component in discrete islets. 'There are 3 main and 

distinct islet types (based on distribution of the cell 

types found therein) which release glucagon, insulin, and 
J 

90matostatin, and a fourth type that releases avian 

pancreatic polypeptide (APP) (14,25). Endocrine cell types 

include A (glucagon), B (insulin), D (somatostatin), and pp 

(pancreatic polypeptide, or "Fil) cella. The splenic lobe has 

a high concentration of A or D type cells. Regulation of 

avian endocrine pancreatiq secretion is under intestinal 

hormone, nutritional, autonomic' nervous system, and 

paracrine control (23). Pancreatic hormone-plasma metabolite 

feedback mechanisms, are the main regulators of these 
J 

secretions (l4)~ There ie a1so an exocrine function to the 
" 

aVl.an pancreas. 

The Pancreatic Hor.ones 

A. A vian insul in 

Avian insulin is syntheaized by the pancreatic B-cell 

ribosomes 8S preproineulin then proinsulin, a single-chain 

pol ypeptide of MW 9luu dai tons. The A chain ia connected ta 

17 
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the B chain by a biologically inert C chain (connecting 

peptide). After cleavage of the C peptlde, the biolog~cally 

'activ~"EIouble-chain molecule possessing two dlsulfide cross-

I1nk1ng bonds, is eondensed forming B-cell granules. The 

structure of ehicken 1.nSUlln is similar ta that of most 

m am mal s w i t h the A cha i n con t a i n i,n 9 2 1 ami no a c 1. d san d the 8 

chaln 30 am~no acids (26,27). Chic ken lnsulln dlffers in 

structure from its mammal1.an counterparts no more so than 

the' 1 a t ter d' 0 am 0 ri 9 s t the m sel v e s (2 6) but the b i ° log i e a l 

effect of av~an instJlin in mammals ia very dlfferent. This 

might be due to the fact that there are known b~nding 

domains and biologieal effect domai~s and immunoreactive 

domains and that "ne or more of the nonhomologoua amlna 

acida are at these er1.tical places. Indeed, this has baen 

studied by others (28). 

The structure of turkey 1.nsuli,n l.S identical to that of 

chi c ken l n'à u 1 in wh e r e a s duc 1< in sul in di f fer s f rom chi c ken 

insulin in the presence of glutamine and praline at 

positions 8 and 10, respectively, on the A chain and by 

threonine at p08it~on 30 on the B chain (29). 

B. Avian glucagon 

Proglucagon is produced and cleaved within th~ al~ha2 cells 

of the pancreas to produce glucag0'1 OG,3!); these alphaZ 

cel l s r e s ide i n the' S 0 - cal l e d " d a r k i sIe t s " , w h l cha l à a 

contain D cella (or alphal cells Ln aIder texts). The 

glucagon content of the avian pancreas is at leaat four ta 
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eight times greater than levels found in equlvalent amounts 

of mammallan pancreata (24,32,13). 

W h ~ l e aIl m a m mal i a' n' glu c a 9 ons t rue t ure s p 0 S 9 e s s the sam e 

single chain amine aCld sequence of 29 resldues, three avian 

glucagon structures have been elucidated. Chic ken and turkey 

glucagons have a substitution by serlne for asparagine at 

position 28. This substitution provides the bird with an 

extremely potent hormone regardless of WhlCh vertebrate 

sp e cie s it 'lS tested 

chicken and turkey 

upon. Duck glucagon 19 

glu c a 9 0 n ~b u t h a 9 a n 

slmilar, .to 

additlonal 

substitution by threonine fbr serlne at posltlon 16 (3J) . . 
The s e BU b s t i tut ion s h a v e -b e e n su 9 9 est e d toI es s er f a vou rab l e 

cross-reactivity ln immunoassay systems (13). 

Immunoreactive glucagon (IRG) or true pancreatlc glucagon 
1., 

and glucagon-like immunoreactlve glucagon (GJI) or "gut" 

glucagon, originating From the stomach and small lntestlne, 
Q. 

are dlstinguished from each other based on thelr abil1ties 

ta react with speci fic antibodie9. Pol ypeptldes that react 

with antisera dHected against an immunodeterminant 
_______ 1 

-------...-------_______... the CaOH-terminal (residue9 24-29) of glucagon are' called 
-------... ~. 

----------... 
l R G. I-h-o-s..e t h a t r e q. c t w i t han t i se r a r a l s e d a gal n s tan 

----------- ----------... 
i mm u n 0 d, ete r min an t ---W-i-t..h i n the N H 2 - ter min a l and c e n t raI " 

---------- ----( r es id u es 2 - 23) reg ion s of 9 1 ûèa g.o Il but no t w i the 0 0 H-

,- terminall y dlrected· antisera are lab!,,!ll ed GLI (34) • .. 

The physiological significance of GU ia unknown. Gut Gl~'s 

.s -: 19 
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may be a primitive family from WhlCh structurally related 

polypeptldes such as glucagon, secretin, vasoacti~e 

lntestinal peptide~(VIP), and gastrlc lnhibitory peptlde 
/ 

(GIP) have evoived (34). It is also possible ta get "true" 

IRG From the stomach" especlall y ln oepancre~tlzed anlmals 

(Marliss, 1985, pers. comm.). 

C. Avian Pancreatic Polypeptide-

APP, a double helical coiled polypeptide of 36 amino acio 

residues, is synthesized as a much larger (around 8(;ûL 

da l t 0 '!) pol y pep t ide bye n doc r i net y peP P cel l s. The pT 0 -

molecule is cleaved of a 25-amino acid residue attached ta 

the N-terminus (23). This hormone lacks disulflde llnkages 
"<ô-

-and possesses four praline, one isoleucine, and a cluster of. 

basic resldues near the exposed tyrosine"amlde C-ter~inus 

(28,35,36',37). There lS a certain degree of homology-between----- " 

APP and glucagon, structures (35,38). 

Simllar polypaptides of identlcal length have been found ln 

bovine, ovine, porcine and human pancreata (.39). Rat pp has 

b e e n' i sol à t e dan d s e que n c e d • Des p l t e a h i 9 h de 9 r e e 0 f 

homology, rat pp will hardly react with antlbodle's ta human 

and bOVlne pp (4G). 

Modes of Actign and Interaction of the Pancreatic Hor.ones 

. 
The avian liv~r is the~ain site of lipÇlgenesis in the bird, 

derlvlng most of its required carbon -skeletons From lngested 

fructose, glucose, galactose, and mannose (12). Adipose 

Zu 
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tissües play a secondary role, in this respect, to the liver 

in avian carbohydrate and lipid metabolism. The pancreatic 
i 

ho:t'mones exert their greatest.Jimpact on the liver followed 

by, in order of dec:reasing signi ficance, skeletai mus'cTe, 

ad~pose tissue, cardiac muscle, and the erythracyte in the 

bird (12). 

A. Ineulin 

Avian insulin circulates at 
\ 

variable levels depen-dl.ng ueon 
\ 

species, time of day, 'state of n~trl.tlon; and degree ol 

p,h ys 1. cal a ct l V l. t y. A "np r m 4ll" c ~ r cuI a tin 9 lev e 1 wou 1 d b e 

about 30-40 uU/ml 0:-2 ng/mU plasma in 4- ta 6-week old 

chi c k san d 6 (; - 9 G u U / m l, pla sm a in 10- t 0 24 - w e è k "0 Ide hic ken s 

(12). Duck normoglycemia is 58-70 mg% below' that of chickens 

with pla'sma lnsulin levels one-hal f chicken leveis (12). The 

h a l f - l l f e 0 f chi c ken i n sul. i n i n the c i r cul a t ion i s 5 - 7 

minutes (13). 

MechanÎsms of aVl.an insulin release From islet c~lls are 

based on studies involving injection of "physiologica1" 

substances into chic kens and ducks (12). 'Plasma l.nsul in 

,levels are relatively unaffected by progressive fasting 
; 
(24). The ch.lcken B cell lS insensitiye to aIl but very high 

;oncentrations of glucose and is incapable of a sustained 

increase in insulin relelase (41). Hyperglycemia caLIsed by 

glucose injection doubles or triples insulin levels within 

2u minutes l.n chickens. Induced hyperaminaacidemia has the 
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same eff.e,et. Both glue~se and amino acids are more effectiv'e 

when given ~ ~ as in m'ammals ~(13). Glucagon- injection 

·elevates glucose and free fatty a~id levels but, insulin 

release is unaffected (24). In contrait in ducks, glucagon 

i il f lI'S ion r a l ses i n sul i nIe v e l s dis pro p 0 r t l a na tel y t 0 the 

degree of hyperglycemia produced (42). Aeetyleholïne, 

stimulates insulin, glucag"On, and somatostatin secretion by 

the avian pancre§ls. In fact, regulation of the 8 cell by thé 

cholinergie s~stem may predominate Over glucostatic control 

(43). It is believed that similar mechE!nisms are involved in 

'1 controlling insulin regulation in the chicken and ln mammals 

Le. changes occur in the sensitiv ities of var~ous tissues 

and the role of the entero-insular axis (44). 

The dr'ug tolbutamide is a patent hypoglycemic agent in 

chic kens and ducks as weIl as in mammals. It induces a 

short-term insulin release rapidly and dose-dependently in 

chic kens and mammals. It is thought that other factJlrs 

potentiate the hypaglycemic effect of tolbutamide-induced 

insul~n release (45). Alloxan and streptozotocln are not 
1 r 

cytotoxic ta chicken pancreatic B cells even at high 

su b let h.a l dos e s (4 6) as C1p pas e d t 0 the si tua ti a n in m a !TI mal s • 

"1-­
-:-,:,./ --------- ------r-n isolated rat fat cells and liver plasma membranes, 

chic ken insulin is more biologieally patent than porcine 

insulin and this is accounted for.by an increased binding 

aff~nity by chicken insulin for the insulîn receptors (47). 

In rat adipocytes, chicken insulin is again more patent than 
\ 
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porcine insulin in stimulating glucose utilization and 

, ,1 inhibiting glucagon-stimulated lipolysis (48). 

Bir d s h a v e b e e n s h'Q w n t 0 ber e sis tan t ta the h y P 0 g l '1 c e mie 

e f''f e c t 0 f e x 0 9 e n a usa v i a n i.n a u lin e ven a t s u pra -

physiologic,al levels (12). Thus, the esaentiality of insulir'l 
",' ft 

in the regulation of normal carbohydrate metabolism has been .. 
que.st i 0 ned. ln chic ken hep a toc yt es and thymoc yt es the r ~ ar e 

3-5 times \fewer insulït"l binding sites than in rat ~er 

(11,49). This paucity of receptors may explain/ in part, 
J 

chic ken insulin "resistance" {1~,50) though very few 

r e cep t ars p e r ce, l 1 mus t b e 0 ecu p 'i.e d f o' r fui 1 b i 0 log i cal 
, 

effeet. But, resistanee may be due to events occurring after 
, . 

the hormone - recepto r in t erae ti 0 n (51,52). 

q J 

Insulin'a ability ta regulate plasma glucose ia complex, 
û • _ , 

involving synthesis and secretion of j,nsulin, its transport 

,in the" bloodstream, and its action at, the targat cell' level 
• 

( 5 3' ) • U sin 9 p e r i fus e d, t 'n 0 n - col l age n a s e d i 9 est e d 
1 

"micro fragments" of chicken p'8ncreas it was shown that ;.. ." 
\ . . , 

glueo"se may nat mod"ify insulin levels' in the "chicken "or . 
alternatively it may modify insul'in levels only after 

. . 
, endocrine or neural alteration of the sensitivity of the B 
• 

cells to glucose (54). At the cell membrane insulin receptor 

site, insulin pro,bably inlJJtiates cytoarchitectural charfges 
{ 

-
which favaur the intracellular translocation of glucose' 

prior ta its phosRhorylation and, subsequent metabolism 
o r 

( 3 2 , l 3 ) • .' ' l n sul in a p p e. ars t hou. 9 h t 0 f a cil i t a t e glu cos e 
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t r ans p 0 r tan d adj us t . t i s sue sen s i t i vit Y t 0 the e f f e c t s. 0 f 

other hormones (13). 1 

The role of insulin in growing chickens is ambiguous. ln 

chick embrJ~s insulin àtimulates glucose and amino acid 

transport, DNA and RNA synthesis and èell multiplication. In 

growin,g chickens though,- lipogenesis in hepatocytes and 

.. glucose oxidation in adipocy.tes are stimulated only slightly 

by insulin (49). Insulin stimulates amino isobutyric acid 

uptake by increasing the influx with no effect on the efflux 

." (49). By its effect on glucose metabolism, insulir helps to 

pl'"ovide the energy for protein synthesis and may also 

directly affect amino acid uptake by muscle cells (55). 

Birds that consume high carbohydrate, low fat seeds and 

other plant products, rely on glucose as a m.ajor precursor 

of .lipid synthes,is. Insulin, by its action on glucose 

transport, thus would appesr to play a principal raIe in the 

reg~lation of lipogihesis. Insulin, ta a lesser degree, 

influences triglyceride ~9yrithesis by regulating 

est e r i fIC al ion th r 0 u 9 h pro vis ion 0 f su b s t rat e, and a l ph a -

glycerol phosphate (12). These observations are of 
, 

fùndamental signi fIcance ~n our FL/LL studies wi th respect 

ta the glucose-insulin imbala~ce in the Fl. 

Fatty acids are supplied by plasma fatty acids, by synthesls 

From glucose, and. by hydrolysis of eXlsting trlglycerides. 
. ~ 

Insulin appears ta d~rectly st~mulate l~poprote~n l~pase and 

thus regula~es -up'take of- triglycer~de fatty ac~ds by 
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e x t r a hep a tic ti s sue ( l 2 ) • Con t r a r y t 0 9 e n e ,r a l 0 pin ion, 

insulin appears ta be anti-lipolytic, in birds, as in 

mamma~s (14). In ducks, ~nsulin has a glucose-dependent 

hypolipacidemic effect (56). Thus, insulin can lower the 

i 
plasma FFA level in the presence of pancreat~c glucagon 

(56). Glucagon, ~pinephrine and other-lipolytic hormones 

inhlb~t lipoprotein lipase activity (12). 

I.nsulin favours hepatic glucose uptake and intracellularly 1 

it ~ncreases glucokinase and glycogen synthetase aotivity. 

It thus lowers blood glucose, result~ng ln ~ncreased hepat~c 

synthes~s and depos~ tlon of gl ycogen. As 'ln mammal s, Insu lIn 

increases protein synthesls; gluconeogenesls lS remarkably 

r e duc e' d a 5 are sul t 0 f d e cre a s e d a c t l vit Y a f the m a J 0 r 

gl ucaneogenic enzymes (12). 
.. 

B. Pancreatic glucagon (IRG) 

Inn 0 r mal duc k s ( 4 2 , 57) and no r maI 9 e es e _~ 5 b , 59) pla s m a 

glucagon levels are 2 ta ~ times hlgher than ln mammals with 

correspondlng pancreatic concentratlons 4 ta 8 tlmes higher 

in birds (60). A greater .lmportance of glucagon in 

regulatlng metabollsm ln birds lS thus suggested. In 

addition to true pancreatlc glucagon, there at least four 

other plasma components of IRG separated aceordlng to 

molecular Slze. These other forms, however, do not passess 

,the blologle actlvlty' of true pancreatlc glucagon WhlCh, by 

( vlrtue of its moleeular welght ~s desi~nated ·IRG 3S l;(, (16). 
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It is assumed that avian glucagon acts at the periphery by 

interac~ing with membrane bound adenyl-cyclase. Its effects 

are usually rapid and t.ransient, cyclyzing adenosine 

triphosphate (ATP) to form cyclic J',5'-AMP, the "second 

messenger" of hormone' action. The effects produced are 

dependent on the cell involved. They include hormone release ~ 
1 

(pancreas),' Ca 2+ and K+ release (liver), lipolysis (adIpose 

and hepatic tissue), , and protein catabolism (liver) 

1lYCOgenOlYSiS (liver~(55,61). ~lucagon-lnduced lipolysis is 

generally considered to be caused by activation of an 

i n t r ace l l u l a r l i pas ed, r e sul t 1 n gin m obi l i z a t ion ~ f d e pot 

lipids and in llpemia (62). Minute amounts of glucagon are 

hyperglycemlc and Ilpolytic ln ducks, geese, owls, and 

turkeys and slmultaneous InJection of Insulin does not 

reduce the response to glucagon l62). Glucagon lS 50 

p 0 W e r fuI l Y l i pol y tic top e r l p h e r a l t l 5 sue s '1 n m 0 s t b 1 r d s , 

t h a t the l 1 ver rem a v e 8 c l r cul a t l n 9 t r 1 9 l Y c e r 1 d e 8· f rom 

peripheral fatty tissues and deposits them ln the hepatocyte 

(62). Glucagon may Inhlbit the hepatlc release of llpld8. 

Increased blood glucose levels ~ ~ are not responslble 

for the accumulatlon of llpid ln the avian liver (63,64). 

Avian glucagon i9 potently llpolytic ln chlcken8'(6S,66) and 

duc k s (67) as ch 1 c ken ad 1 p a c y t e 8' are m 0 r e .. 8 en 8 i t l ve t 0 

glu c a 9 0 n t han are rat ad i poe y t e 8 (6 8 ). Chi c ken a' d l po C y tes 
\'-l'C' 

have a slgnlficantly higher capaclty for the accumulatl~of 

cAMP (68). Chlcken adlpocyte9 are relatlvely inse'tlsltive to 
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nonesterif~ed fatty acid (NEFA) ~nhibition of cAMP synthesis 

(69). 

o 

As for insul~n (11), glucagon binding sites are less 

numerous in chic ken versus rat l~ver (12). In the case of 
. 

gl~agon th~s has been used to partly explain why the bird 

has such high circulating concentrations of the hormone, 

th 0 u 9 h wh y th i s' s hou Id fa l l 0 W l S que s t i a ne d far l t s hou l d 

a1so apply for insulin. 

of glucagon ta every 

In chic ken hepatocytes, 

receptor molecule is 

the binding 

\ 
capable of 

activating adenylate, cyclase (52). Glucagan action' ls 

dependent upon Its concentrat~on, exerting maxImal effsct 

wIth only 10% of receptors fliled (52). 

Other hormones such as VIP, secretIn, and gut glucagon have 

no detectable affect on cAMP synthesis ln chlcken adlpocytes 

(60). AVlan growth hormone (GH), at phYSIOloglC levels, 

plays an Important role ln IlpolYSlS, being extremely 

IlpolytlC in chIcken ad~pose tIssue DG). There 18 no 

st~mulatary effect of chlcken IntestInal glucagon (GU) an 

lipolYSlS ln bnds (66,71). 

Both glucagon and APP, as will be seen later, are 

glycogenolytlc, the latter by an unknown mechanism. Only 

glucagon-lnduced hepatlc glycogenalysls raises blaod glucose 

levels. Glucose From APP Induced glycogen hydrolysls IS 

thought ta be shunted to other pathways mast llkely ta fatty 

aCld synthesls (13). Glucagon favours Increased 
\ 

gluc~neo~enesls i~ the liver of birds by Increaslng 
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phosphoenolpyruvate carboxykinase levels and/or ~ctivlty 

,(12) • 

The lipolytic enzyme that appears ta be dlrectly'affected by ~ 

hormonal action is triglyceride lipase or hormone-sensitive 

lipase. While gluc'agon is the main llpolytic hormone, other 

lesser lipolytic hormones include epinephrine, 

n,a r e pin e p h r i ne, sec r e t ,1 n , a d r e n a cor tic a t r api n (A eTH) , 

thyroid-stimulat,ing hormone (TSH), and luteinlzlng hormone 
• 

(LH). The actions of aIl these hormones are medlated by cAMP 

02,72,73). 
\. 

Insulin Increases fatty acid synthetase acti~lty ln cultured 

avian liver explants while glucagon does not. The increase 

in synthetase activlty.is accounted for by an Increase ln 

its rate of synthesls (74). Hepatic fatty aCld synthetase 

activity may be prematurely induced ln 2G-day ChlCk embryos 

by glucagon indirectly through the elevatlon of serum 

insulin levels (75). An elevated plasma lnsulin/glucagon 

ratio a19ng with a decreased hepatic cyclic AMP 

concentrabon may account for the glycogen and triglyceride 

storage syndrome ln the hypothyrold chick (76). Indeed, 

since lnsulin is deflnltely needed for normal carbohydrate 

metabolism and glucagon plays a major role ln carbohyarate-

lipid lnteractions, many experts leel ~he clrculating 

glucagon to insulin molar ratlo to be the ctitical 

controlling facto~ for normal metabolism ln the healthy bird 

(77) • 
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'1 C. Av ian pancreatic pol ypeptide '(APP) 

\ 

Plasma APP levels range From 8-12 ng/ml in recently red 

'birds, decrease ta 2-4 ng/ml in fasted birds (24hr), and 

rapidly increase 0-3 min) ta 20-30 ng/ml after refeeding 

hàs commenced (2,3). On the contrar~ in humans, progressive 

fa st i n 9 9 r ad u a Il y el e vat es p a ne r e a tic pol y pep t ide (P"P) 

levels (lb). 

Much more is known about pp release then about its 

biological functions. pp release is regulated by bath 

neurogenic (mainly vagal) pathways and by humoral 

substances. Upper gut distension leads ta an immediate 

release of PP, which is th en followed quickly b,Y a second 

phase of pp s'ecretion over a period of several hours. 

Presumably the presence of chyme ~n the first part of the 

ileum causes the release of an agent (CCK) to the blood 

which promotes APP release From the pancreas. Pentagastrin 

i sap 0 W e r fuI ; t i mu l an t in v i vot a A"P Pre l e a se f rom the 

, ch~cken pancreas (23). In vitro the most~ effecti ve nutrient 

stimulus ta APP release is a mixture of amino acids in 

relative proport~on ta that found ~n commercial chicken feed 

(23). Digesta must pess et least ta the level of the ileum 

for m a x icm a l A P P exp r es s ion in r e spa n set a fa 5 ti n 9 - r e f e e d in g 

(79) • 

The p~ysialogical significance of this polypeptide in 

vertebrates remains obscure (80). APP has a distinct 

receptor (til). The avian liver possesses specifie APP-
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binding sites of low affinity which may be funct10nally 

insignificant (51). The effects of ~PP are med1ated by 

tissues other than the liver (52). Target organs for APP 

include pancreas, duodenum, ileum, spleen, and bone marrow, 

ànd probably liver and proventriculus. The pancreas, gut, 

and spleen may be the main target organs for APP in the 

chic Ken (82) • .!!2 ~~ injection of APP and bovine pp (BPP) 

\ causes among others hepatic glycogeno1ys1s (APP), increased 

g a s tri c sec r e t ion w hic h i s r e ver s e d w i t h h i 9 h ,P P 

concentrations (APP and BPP), decreased exocrine pancreat,1c 

secretion (BPP), increased amine acid 1ncorporation 1nto 

gastric structural protein (APP), decreased gastro1ntestinal 

motility (APP), reduced choleductal tone (BPP), and 

h Y P 0 9 1 Y ce roI em i a ( A PP) ( 83 ) • 

APP is anti1ipolytic in isolated aV1an adipocytes and th1S 

i n ~.!l.E.~~ e f f e c t m a y par t l Y exp lai n the 1n vivo 

hypog1ycerolemia ·caused by exogenous APP (al,13). APP is 

"in.àul~n-like" in its anti-lipolytic nature. BPP is not as 

effectivê as APP in 1nhibiting glucagon-stimu1ated lipolysis 

in the chicken adipocyte. APP may, in fact, react w1th the 

g l'u c a 9 0 n r e cep t 0 rat the ad 1 poe y t e ( 4 8 ) • Other ln V1VO 

results have been difficult to confirm in vitro (83). 

In non-fasted birds, APP appears to be an anabo11c hormone ) 

as it encolirages a net synthesis of l1p1d in the liver and 

its transfer to depot sites wlth plasma triglycer1des ris1ng 

as a result (23). APP injection into fasted chickens reduces 
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plasma fl'ee fatty acid and glycerol levels (23) and these 
! 

actions support the in vitro observatlon that APP lS anti'::: 

Ilpolytie at the isolated adlpoeyte (fil). APP lnhibits 

adenyl eyclase within aVlan 89ipocytes (23). These 

observations would suggest tha·t a higher circulating APP 

level might be found in the FL. 

APP has been postulated to play a l'ole in the control of 

hunger-satiety (84,85,83). For lnstance, obesity can be 

reversed in ob/ob mlce by lnJectlon of pancreatlc 

pol ypept lde. These mlce appear ta ha ve funetionlng satiety 

centres but mlght lack a clrculatlng satiety factor which 

couid be pancreatic polypeptlde (b6). 

PBncreBtic Hor.one and Metabolite Interrelationships and 

Regulation 1 '" 

Intrapancreatic regulation of endocrine secretlon occurs in 

AV,es (87). Intravenous insulin l.njection (50 ug/kg b.w.) 

lncreases plasma FFA, glucagon and urie acid leveis. 

Glucagan injection (50 ug/kg b.w.) increases plasma insulln 

and FFA levels as weIl as glucose and urlC acid while lt 

decreases plasma APP concentration. APP injection (5& ug/kg 

b.w.) increases gastrlc secretion and lS without an effect 

on plasma glucose and insulln. APP lnjection has the 

immedlate effect of decreaslng plasma FFA levels whlle 

surprisingly 8lso increasing glucagon levels ln the .plasma. 

(67). It 18 thus very dl.fficult ta determine the exact role 

/ 
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of each hormone as its effects are so'interdependent upon 

circulating metabolltes and the status of oth~r hormones. 

J 
It was origlnally thought that, ln mammals, interactions 

between isiet hormones took place via a paraCrlrle or 

,intestinal route (19). A second model proposes that lnsulin 

serves in the raIe of release-inhibitlng factor for 

glucagon. This latter model relles on the assumptions that 

1) ,!the B-cells are the ptincipal glucose sensors of the 

i s let s , and 2) t h ~ t 1 flS u lin, a pot e n t .1 n h i bit 0 r . 0 f glu c a 9 a n 

secretion, is the ptincipal regulator of glucagon secretion 

ln the unst ressed sta te (19). 

The fourth pancreatic hormone, somatostatln, figures 

prominantly as a regulatory hormone. For example, there may 

he a paracrine negatlve Feedback Ioop between avian 0 and 8 

(somatostatin-producing) cells (88). In the duck 

somatostatin exerts, in the embryo and after hatching, a 
( 

direct and long lasting inhibition Qf glucose stimulated 

insulin secretion (89). Somatostatin also continuously 

inhibits A and B celi output in the avian pancreas. Glucose 

suppression of glucagon release is at least partially 

dependent upon local 90matostatin secretion (90). The 

propose~ paracrine relationships in birds, as compared ta 

mamm'alâ, are shown in figure 4. 

In ducks, somatostatin is a potent antllipolytic hormone 

particularly on the adipose tissue. Somatostatin stimulates 

IRG secretion at least in part through this inhibltion of 
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MAMMAL'S 

A-CELL 

SIROS 

/l (L-
r 

./~ PP-CE!! ... W f ~ ..... + 
" + 

B-CELL ) ···O-CELL 
-----------_.~ .................. _____ ... ~ .... ~ D-CELL 

Figure 4 Probable.Pancreatic Paracrine Re1ation5hip: A Comparison 
of MalTlTla 1 s wi th Bi rd s . Legend: )501 id a rrows = 5 trong 
stimulus, open "cups" = demonstrab1e.inhibition, broken 
1ines : weak effect, * = no consistent effect. (From 
Haze1wood, R.l., 1980. The avian gastro-enteric-pancre­
atic system: structure and function. In "Avian Endocri­
no10gy," Epple, A. and M.H. Stetson, (eds.). New York: 
Academic Press. pg. 231. 
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lipolysis providlng further evidence of the Importance of 

the FFA-glucagon feed-back mechanism ln ducks (91). 

Glucagon leveis are modulated by a direct sensltlvlty of the 

avian A cells to glucose (54). For the pancreatic A cell to 

respond normally to glucose, a normal glucose metabollsm 

within.the A cell may be requIred. Insulin, Vla its effect 

on glucose metabollsm, appears ta modulate glucagon 

secretIon (92), though thlS remalns controverslai. 

Glucose does not have a dIrect lnhlbltory effect on the PP-

secretlng cells of the chlcken pancreas. Volatlle fatty , 
acids are not lmportant regulators of lnsulln, APP or 

glucagon. Long-chain fatty aCIds (oleate and llnoleate) 
'1 

stimulate lnsulln release but do nct reduce secretIon of 

glucagon or APP by 

In organ culture, 

the Ch1Ck7ncreas (54). 

glucosft directl y stimulates insulln 

release from splenIc lobes of embryos and hatched ChlCks 

(93). ThIS observation IS in contrast ta the 'tranSIent 

Insulin response obtained in the adult chlcken pancreas 

'(41). Hlgh g'1. ucose concentratIon does not modlfy glucagon 

secretIon (93). 

In ducks, J..nsulln can lower the plasma FFA level with end 

withoùt the presence of pancreatic glucagon. This action is 

glucose dependent (94). Insulin and glucagon may act et the 

level of reesterification of FFA in liver or adipose tissue 

(i4). 
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In mammals and birds" alpha receptor activation suppresses 

g-l-uc 0 s e - 1. n duc e d insulin release, while beta receptor 
1 

8 t i m u 1 a ti 0 n ln cre a l? e sin sul in sec r e.t i an. Ina d dit ion, a 1 ph a -

adrenergie blackade inereases basal insulin release in man, 

while beta-adrenergie bloekade decreas-ea----J.t regardless of -------narmoglycemia (56,95). As weIl, APP secretion from-----ehl~en 

pancr!3as lS regulated by dual alpha- and be,ta-adrenorecePt:-;--~~ 
meehanisms (96). 

Diabetes in Birds 

In the past, the regulation of glucose metabolism in birds 

appeaied ta be very d~fferent from that described in 

mammals. "Total" panereatectomy 1.n b1.rds led ta a transient 

diabetes or ta no effect at aIl. Over the past 2(, years or 

sa it has been shown that these so-called "total" 

pancreatectomies were not, in faet, complete (46,97). 

{l(,c cor d l. n 9 t 0 som eth e r e i son l y a qua n t i t a t l. V ~ d l. f fer e n c e 

b~tween birds and mammals - a higher plasma glueagon to 

.i:nsulin ratio in birds and that the basic metabolic 

regulation is identieal in bath groups (97). 

Two di fferent forms of diabetes ha ve been produeed ln' birds, 

depending on the completeness of pancreatectomy, 1..e. total 

or subtotal operations. For the purpose of d1.scussion, 

diabetes will be defined as a pathologieal or experimental 
; 

d Y s f unIe t ion a f the i sIe t s 0. fLa n 9 e r han sas a who lei. e • a 

dysfunction of bath A and B celis (97). 

A. Total pancreatecto.y 
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Res u l t sin b i r d s v' a r y ace a r d i n 9 t 0 the s pee i e san d the 
l 

au t h ors (97). Mas t 0 f the se" t 0 ta 1" P a'h cre a tee tom i e s we r e 

not complete as subtptal operations (1 ta 5% of the pancreas 

left in place) gave essential1y similar results. (98,99,lOG). 

Parts ,of the splenic lobe and/or 8mall, unnoticed remnants 

of pancreas within the duodenal loop may have hypertroppied 

and led to lnterpretative dlfficulties. 

~has been extracted from various aVlan organs (liver, 

---------=~--------------kidney, --sp---J.~n_, etc.) yet insulinogenesis does occur 
é -------==-~---___ ______ ---n.- 1) 

p ri ma r i l y, 0 r po s's i b l Y'-e--l<::c-l~ v e l y, in the pan cre a tic B 

--------------------------------------~----------cel 1. Res e arc h r e sul t s ste m m i ny----==i:::!'-~m the use a f 

\. 

~-=::::::::~ 
pancreatropic sul fonylureas in depancreatized bir~ 

intact birds have ~ of alloxan and streptozotocin in normal, 

suggested that an extra-pancreatic source of insulin may , ~ 

exist (for reviews see 3Z,13,lGl). The gOOS8 (and probably _J 

the '0 w 1) b eh a v e m 0 rel i k e ma m maI sin the i r dia b e tic r es p 0 n s e 

top a n cre a tee tom y • l t i s d l S qui e tin 9 th a t a ft e r t o.t a l 

pan cre a tee tom yin sul i nIe v e Ise ,a n d r 0 p b Y 7 5 % Y e t p ers i s t 

after 72--hours considerlng the very short half-life of the 
~ , 

7 

chi c k-e-fî h 0 r mon e (5 min) (l 0 2 ). Ina m 0 r e r e c e n t s t u d y (l u 3 ) 

the existence of extrapancreatic sources of insulin and of 

g 1 u ca g 0 n i s st i Il pro p 0 s e d. l n th i s'" lat ter w 0 r k A P P wa s the 

only circulating pancreatlc hormone ta disappear after 

pancreatectomy. Perhaps 9 r e a ter d i f fer e ne e s e x i s t b e t w e e n, 

different species of birds than previously thought, for, ln 

a study by Simon and Dubois. (46), the existance of an 
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extrapanc~eat~c source lof insulin i8 disputed. 

.. 
0, Sev,ere hypoglycemia i8 chara,cteristie after lotal 

, 
pant7re,atectomy in duckf and geese (5&,59). Trace,g of 

circulating IRI may stiI1'~è found arter pancr,eatectomy but 
, , 

~hes6' authdrs suggest this may be due ta a 1ack of antibôdy 

source of insu lin. , 

ana not 1 ta' an extrapancreatiè', 
\ '. 

,speci f,içi ty in the assay 

-Aft~r total p'ancreatectomy in ducks and geese plasma GLI 

levels drop but do not,disappear. Thal tl'lis i~ gut'GLI is 

suggesled using Unger's rel'atively ~peciflc (a't lea!!t ~n 'r , { 

mamm~ls) iilntipancrea·tic gl:ucagon antib,ody 3GK (lG4,1(jS)~ 

lt is the lack of pancreatic glucagon in depancreatized ,. 
ri' 

ducka and geese that accounts for the hypoglyc.emia observed. 

Glucagon ia not rep1!iced by any other endogenous 

hyperglycemic hormone in spi te of the absence of .lnsu11n. In 

normal birds" the plasma glucagon-inau11n ratio ia one of 
. - ' 

the critical factors in malntaining a normal plasma glucose " 

level (97). 

,. 
When pancreatectomizedducka survive long enough (15 ta 3L 

• days), their adipose tissue disappears completely, showing 

th a t ch il n g e sin l i pi d met a bol i sm h a v e 0 c cu r e d (97). T h'~ a e ' 

changes may have been partly due tà the lack of exocrine 
.... 

"-- secretions causing m~labsorption resulting in inadequate 

calories and mobilization of fat. 
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Hypera.minoacidemia oecurs in the chick and go05e 5hortly 

'a,fter pancreatectomy and may be ascribed to the laek of 

,pan,cre,ati.c hormones far, a glucagon-arginine negative feed­

back mechanîsm has been demonstrated in the duck (106) a~d 

i t i ses t a b 1 i s h e d th a.t i n B u lin i n h i bit s the p e r i p h e raI 

release of. amino acidl\ and enhances t,issue uptake of amino . 
" ac id\ (ljJ 7). 

" 

~. Subtotal pancreatecto.y 

, 

S'ubtotal pancr'eatectomy al~ays lnduces hyperg l'yeemia and . . 
diabetes. The diabetes ia transient in the duck (98)" the 

chic-ken (lG&). and the pigeon (97) while of a permanen~ 

nature' in. the go06e (99,58). 

. 
i. .r r a n 8 i ., n t dia b ete 8 - The t r ans i e n t dia b ete S l S 

hyperglycemi~ and impalred glucose 
, 

toI e r a n ce, i fl duc k s ( 98 , 1,04 ) las t· i n 9 6 t 0 12 d a y s a ft e r 

" ' 
surgery.~.Thereafte·r glycemia and gluco!'!e tolerance return ta 

normal • 

.' 
in" trar1sientl y di.libetic d~ckB the effects of glucose" tree 

<'-:, 
1 

~fâtty acids,' aneil' amino aClds on insulin and glucagon 

sec r e ti 0 n s 'h a v e . b e, e n st u die d (l u 4 ) • No' e f f e c t 0 f glu cos e 0 n 

.e i the r i n à u 1 i ~ 0 r glu c a 9 0 n cou Id' b e 0 b Ber v e d . l n suI in, in 
'-:' 

phY5iolog~c~~. amounts,' ~·s required before and after a 

glucos,e-. to~erance' t'eat (lû4).· Thus a double action of 
. 

insulin on the alpha2 cell was postulated: a long term , . . ' 
action on, for example,. glucose metâbolism or glucose 
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receptors of the alpha cell as weIl as a short term action 

via the insulin-glucagon feed-back mechanl:sm. In geese made 

diabetic by subtotal pancreatectomy r.here is, a progress'lve 

loss of sensitivity of the A cell ta insulin (109) • 

While the ffA-glucagon Interplay acts during diabetes there 
. 

is no FFA-insulin feed-back in normal or diabetlc 'ducks 

(llG,lll). A normal arginine-glucagon feed-back eXlsts ln 

diabetic ducks while the arginin~-insulin Interplay is 

reduced (lll). 

Circulating glucagon lS a prerequlslte for a "hue" olabetes 

ta appear in aIl blrds. In depancreatlzed geleae glucagon ana 

insulin must be Infused ln a ratlo approxl~ately that found 

in the plasma of normal fasted anlmals for the maintenance 

of normal plasma glucose levels (59). 

ii. Per_anent diabetea- Permanent diabetes has been observea 

in granivorous and carnlvorous birds although ln the latter 

case further study- 15 requ'lred ta ascertàln that no 

-L 
pancreatIc remnant eXlsted after so called total operations 

(97) • 

A subtotal operatlon ln 'geese alwaya Induces a permanent 

diabetes wlth a survival tIme rarely exceedlng 6 weeks. On 

the fust post operatlve day, symptoms Include hyperglycemla 

and 91ucose Intolerance concommitant wlth decreased Insuiln 

and glu C a 9 0 n lev e l s. A f ter 3 - 5 d a Y's , glucagonemia 

progresslvely rlses ta reach hlgh'levels (99,112). Plasma 

amino aClds Increase and do not decrease in response ta a 
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glucose load despite the hyperglucagonemia (97) •. Liplds are 

r ma r k e d l Y m 0 b i 1 i z e IL-C-ll 2)~ The glu cos e - i n sul i n and glu cos e-

glucagon feedback mechanisms do, not work in subtotally 

pan cre a te ct om i z e d 9 e es e ( 97 ) • 

In summary then, diabetes i9 inducfble in birds as in 

m a m mal s but som e d i' f fer e n ces are e v ide nt: 1) the 

glucagon/~nsulin ratio is /:ligher ~n blrds, a faet which may 

explain why suppression of both hormones results in 

hypoglycemia and impaired glucose tolerance; 2) d~fferences 

'in lipld métabolism perturbations between birds and mammals 

followlng pancreatectomy may be due to the absence or 

important reduct~on of the antl-llpolytic effect of insulin 

( 97 ) • 

fat Mehbolia. and the Fl/Ll Model 

It ~s apparent that the pancreatic hormones have complicated 
n' 

and ~nterconnected roI es. Before contlnuJ.ng a- dlScusslon. of 

the FL/LL sltuatlon Wlth respect to these hormones the 

physiologl.cal aspects of body fat depoBlt~on w~ll be covered 

inbrief. 

fat depots lncrease in Slze elther by adlpocyte 

multiplicatlon (hyperplasIa) or by IIPld accumulatIon wühin 

the cells (hypertrophy)(5L). Hyperplasla ~s Important during 

the fIrst few weeks of growth ln the broller chuken and lS 

observed up to 15 weeks of age 11l3,1l4,1l5). Thereafter, 

hypertrophy accounts for all Increases 1.n ad~pose tlssue 
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Adipose tissues are composed of many cell types. Adipocytes 

are derived from perivascular cells (pericytes). Pericytes 

are s pee i a l i z e d t 0 for m ad.l p 0 b las t san d the n 1 n t 0, the fa to 

storing preadipocytes. Preadipocytes enlarge to become 

1 

adipocytes according ta nutr.ltional conditlons and endocrine 

cOfltrol. lt should be mentioned that nutritional conditions 

do not have persistent effects on adiposity in birds 

contrary ta the situation in rats where overnutritlon or 

undernutrltion during the hyperplastic growth stage may 

increase or decrease, respectively, the number of fat cells 

in the adult (5IJ). 

Different regulatory systems are presumed ta be assaclated 

with each adlpase tissue. For lnstance, subcutaneous fat 

develops earller than abdomlnal fat ln mammals (5G) and lfI 

birds (116). As weIl, dlfferent adipocytes have varylng 

sensltlvitles to the hormones controlling IlpolyS1S ana fat 

storage CSl,mon, 1984 pers. comm.) • 

llpolyS1S and Ilpogenesls occur at the same tlme. 
~ 

Net 

lipolysis tends ta result ln a reduction of adlpase tlssue 

while net Ilpogenesls results ln an lncrease ln adlpose 

tlssue mass. The control of llpalysls has already been 

dlscussed l5G). 

Adlpose bssue growth involves three maln stages: 1) hepatlc 

lOI p 0 9 e n e s l S, 2) t r ans p 0 r t 0 f l i p Ids a sIl pop rot e l n s (ver y 
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low density lipoproteins (VLOL), low density lipoproteins 

(LOL), and high density lipoproteins (HDL) etc.) and 3) the 

rlilOval of plasma triglycerides by adlpocytes. Insulin has 

been thought tà be the major hormone associated with 'the 

control of lipogeneais (5<J). 

Triglycerides are removed from the plasma via lipoprotein 

lipase activity' (LPL). Insuli"n atimulates LPL activïty in 
, 

both chicken and turkey adipose tissue in vitro (117) and ln 

mammals (l18). 

In chickens, ,plasma (VLDL+LOL) triglyceride concentrations 
t', 

h a v e b e e n s h a w n t 0 bec a r r'e lat e d w i t h b a d y fat (Il 9 ) • V L D L 
\ '. 

and HOL concentratlons were hlgher ln the FL blrds whether 

fèd or starved (SG). ThlS fact was ln keeplng wlth the 
, 

lncreased hepatlc fatty acid synthésis ln the fat 11ne 

(120). Accumulatl0n of VLDL in plasma may have been due to 

Increased splanchnic secfetion or reduced peripheràl, removal 

with the former mechanism normally predominating ln the 

chlcken (5u). 

\ 
These fat and lean blrds have been compared ta the Zucker 

1. 
rat (50) wlth respect ta fat metabollsm. The main 

Slmllarltles betwee.n these two models were higher insulin 

secretion, \hl.gh plasma triglycerides, high VLOL, high plasma 

phosphollPl.ds and Iower plasma free amine acid 

concentrations (121) as weIL as enhanced hepatl.c 

ll.pogenesls, and less efflcient protein utl.lization. 
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Differences between the models included glycemia, glucose 

disposaI rate, body temperature, maintenance energy 

requirement, and plasma cholesterol (5L). Even though rodent 

obesity ia monogenic, the avents associated with it (figure 

5) have been used ta help understand the polygenic 
i 

fattening of avian species (2). 

\ 

\ 
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Abnormallty 
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CNS 

Lower sympat hetic 
nerve tone 

Over stimulation 
of beta cella 

Lower hepatic 
glucose output 

Deereased 
beta cells 
in hibltion 
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eatechola mines 

out put 

Increased 
hep.tic 

lipogenesls 

Fi gure 5 

.... 

Increased fat ce1l 
LPL actlvity 

Increased 
rat cell 

Upogenesis 

Decreased 
Thermogenesls 

Insulln 
restst.nee 

o 

Possible succession of events leading to obesity in 
rodents. (From Lee 1 j~cq. B., 1985. The genet i c and 
physiological basis of fattness in poultry. 7th 
European Symposium on'PoultryMeat Quality, Denmark 
(in press).) 
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Hypothes8S 

1 n's u Il n ha f3 b e e n S ho w n t 0 bel n 1/ 0 l 'q e d ln th è fat t e n in 9 of 

the FL yet insulln lS thought to play a secondiuy raIe ta 

glucagon ln blrds. As glucagon appears tn be the major 

pan cre a t -l C h 0 r mon e l n b l r d s l t w a s h y pot h e s i z e d t h a t t h 1. S 

hormone would be of greater Importance ln the control of fat 

depo~Htion VIa lts Ilpolytlc/antillpogenic actIon. A lesser 

rate of lipolyslS mlght be more Imp,?rtant than the Increased 

rate of lipogenesls ln causlng the increases in adipose 

tissue mass ln the FL. Therefore it was hypotheslzed that 

the LL would have, in general, hlgher circulatlng leveis of 

pancreatlc glucagon compared to the FL. In addltIon, a Iower 

circulating glucagon to lnsulin molar ratlo (GTIR) was 

pra p 0 s e d for the F L 0 ver the L L th a t wou l d' r e sul tIn 9 r e a ter 

net l_lpagenesls and less IlpoIySlS ln the FL. 

Llttle 15 known about APP though lts antl-Ilpolytic and 

Ilpogenic actIons would lead one to hypotheslze that 

lncreased levels of APP mlght be found ln the FL. 

/ 
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Novel ty of Hypotheses 

The novelty of these hypotheses was that firstly, there was 

no precedent in mammals for it. Kalkoff (122) stated th~t, 

in the obese human, hyperinsulinemia appeared ta be a 

principal metabolic observation whereas pl~sma glucagon 

disturbances were inconsistent. The ob/ob mouse, the db/db 

mouse, and the Zucker rat, do have abnormal glucagon 

secretion but this may be due ta their diabetic state rather 

then ta the~r obesity. Secondly, no glucagan research has 

been done on the se FL/Ll chic kens. Lastly, there has been no 

published work on APP differences between these two lines. 
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EXPERIMENTAL DESIGNS AND SAHPlING PROCEDURES 

, . 
. Rationale- Th.lS exper.lment was undertaken to observe whether 

the FL and LL fed and/or fasted ch.lckens d.lffer in plasma 

levels of glucose, free fatty aC.lds, glucagon, .lnSU1In, and 

aVlan pancreatlc polypeptlde. As dletary manIpu1at.lons alter 

circulat.lng levels of the pancreat.lc hormones l123) an added 

treatment of fat versus n!Jn-fat supplemented diets was 

1mplemented to try and brlng out any l.lne d.lfferences . 

.. 
Therefore, at one day of age, FL and LL ChlCks of mlxed sex, 

from the F6 generat.lon of French broller breeders reared at 

the Macdonald College Poultry UnIt, were p1aced ln an 

electr.lcally heated Petersime battery brooder w.lth ralsed 

wlre floors. Nlnety-S.lx b.lrds From each Ilne were randomly 

allotted to 12 pens to arr.lve at t:I b~rds per pen per 1lne. 

The birds were ralsed ta 4 weeks of age (average body we.lght 

4SG-SGG g) on seml-purlfled ChlCk starter d.lets conta.lnlng 

elther 9% fat (high fat d.let) or 2?D fat (low fat dIet). The 

composlt.lOnS of the experImenta1 d.lets are given ln table 2. 

Feed and water were provlded ad lIbItum. Feed consumpt.lon 

w a s m e a sur e d for e a c h pen. The b r 0 0 der t e m p e' rat ure w a s 

mSIntaIned at 30 D C for the fIrst week and was decreased by 

2°C/week to four weeks of age. 

~ 
At 4 weeks of age the bu'ds were weighed and blood samples 
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were ta ken. They were killed by cervlcal dlslocatlCJn and 

thelr pancreata removed. On the Flrst day samples were taken 

From Fed blrds (4 blrds per pen). The feed was then removed 

and on the followlng daY--r after a 16 hour fast, samples' were 

taken From the remalnlng blrds. Care was taken on the flrst 

day ta remove a representatlve sample wlth respect ta sex 

and body welght fram each pen. There were thus 16 

treatments: 2 Ilnes x 2 diets x 2 states (Le. fed or 

fa s t'e d) x 2 se x es. 

Ten c.e. of blood were removed by card~ac puncture Into 

heparln~zed syrInges uSlng "Hepalean" (Organon; lO,OOu USP 

unlts/ml) as antlcoagulant. The blood was held ln a bath of 
lJ 

crushed lce prlor to centrIfugatlon. Wlthln 45 mlnutes of 

removal the blood was centrlfuged (7LJG x g) under 

refrlgerated condltlons to separate the plasma. 

fi. l l quo t 5 a m pIe s 0 f pla 5 n),~ W e 1" e f 1" 0 zen for fut ure a n a lys e s 

For glucose, glucagon, lnsulin, a v 1 an pancreatlc 

polypeptlde, and free fatty aClds. The allquots for plasma 

glucagon analyses contalned the protelnase Inhlbltor, 

Aprotlnln ("Trasylol"R) (Mlles Laboratorl8s, Toronto cat. 

no. B171l3) at 10% v/v. Pancreata were rlnsed wItt, sallne, 

welghed, and placed ln lndlvldual screw top vlals and frozen 

ln llqUld CO 2 • The carcasses were laId out ln a cold l'oom 

overnlght and thelr abdomInal fat pads were removed and 

weighed the following day. 
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Table 2: Composition of semi-purified diets, Experiment 1 

\ 

Iso1ated soybean 
prote in 

(Promosoy HG) 

D:-glucose, anhydrous 

Corn starch 

Refined corn oil 
(Mazola) 

Animal-vegetrble 
fat blend 

DL-methionine 

L-glycine 

Vi~amIn premix 2 

MIneral premix 2 

Ground cellulose 
(Alphac el) 

% determIn.ed 
crude proteln 

% determIned 

Non-fat ~_ 

supplemented 

33.92 

27.79 

28.G5 

2. Gu 

0.31 

û • 25 

Û. 5(; 

5.65 

1.53 

22.44 

Fat 
supplemented 

33.92 

19.3 b 

Ij.64 

2. Lü 

~.5L 

5.65 

11. 35 

22.37 

ether, extract 1.96 8.33 
\ 
\ 

IThe animal-vegetable fat b1end had 'a gross energy of 9,213 
kcal/kg, an iodine number of 69 and- a melting p9int of 24C. 
!ts fatty acid compositio'n by ana1ysls was: mynstIc 1.3%, 
pal m i ti C 2 2.6 % , pal mit 0 leI c 4. 3 % , s~t e a r i c 11. 5 % , 0 lei c 
47.&%, linolelc 11.2% and linolenic L.8~. 

2' ' As per Scott, M.L., M.C. Nesheim and R.J. Young, 
1982.Nutrition of the Chiçken. 3rd editl.on, M.L. Scott 'and 
ASsoclates, Publishers, Ithaca, N.Y. 
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Exper iment 2 

Rationale- Co1d stress and 
1 

hypothermI3 are bath assoclated 
1 

wlth severe carbohydrate intolerance. In co1d stress, 

metabolism Increases as a result of activ@tIon of the 

s y m pat h e t .1. cne r vou s S y ste man d b Y shi v e ,r i n 9 (1 2 4 ) • P 1a8ma , 

" glucagon levels are known ta Increase under str~ess. With 

this ln mind, exper).ment 2 was designed to again try and 

b r l n 9 0 u tan y b e t w e e n Il n e d l f fer e n ces i n- the pan cre a t .1. C 

hormones. 
t 

A total lof 8u birds was used. Fort y day-old ch.1.cks per line 

were assigned ~completely at ran1:Jom to 4 pens of the battery 
; 

brooder. Rearlng condItions 'were sim.l.1ar to those for 

experlment l except that a sIngle tommercial dlet (Co-Op 

Fe der. e é br 0 .1. 1er st art e r mas h cal cul a t e d t 0 c,o nt a l n 3 l 2 5 k cal 

'.0 f met a bol .1. zab l ef e n erg y / kg" a n 'd 2 2 % cru d e pro tel. n ') w a s f e d • 
~ '.. t. 

Feed and water were pravided ~ lib.l.tum. 
1 

Temperature wEjs as 
1 

for Exp e r i men t 1. The chi c k s w e r e r e a r ,e d t 0 5 w e e k s 0 f age ~ 

(average body weight 550-650 g) • 

/ 
On the samp-'î\i .. rag\ day, fiallow.1.n~ a 16 hour fàst ln 2 of the 4 

pens per l.l.ne, half of the birds'from each pen were removed 
" 

to a refrlgerated room (5°C) for a 2-3 hour ,per,lod prior ta 

'r sam pie col l e c t i a, n. ,T h e r e we r e 16 t r e atm e n t s: 2 Il ~'e s x 2 

temperatures x 2 states (Le. fed or fasted) x 2 sexes. 

Blood sampllng, pancreas and abdomInal fat removal were .as 
'. 

prevlously described in Experlment 1. 

5u ' 

" " 

-d 



( 

[)(pe~i.ent 3 

, 
Rationale-Th-e fallawing experiment was designed ln an 

attempt ta bring out any between-line differences in APP. As 

reparted by Dr. J.R. Kitnmei (79,62), the maximal, response in 

~ 

AP""P releaae From the avian pancreas is abtained u·pan 

r,efeeding fol1awing a 16 hour fast. Therefore,' ln this 
~ 

experiment, it was the intention ta determ~ne any line 
~ 

differences in plasma APP followlng normal feedl-ng, fas~ing, 

and fasting then refeed~ng. 

• u 

A tot"al of 6G 'birds W8S cllstr'lbuted inta 12 pens. Thirty 

birds per linè were asslgned completely at random ta 6 of 
< ' 

the l 2' p é n s • ,A sin the pre v l 0 U a tri al,' the ch l c k s W e r ê 

raised in a battety braoder from one day ta ~ive,weeks of 

age on .a commercial statter diet. Féed and water wete 

,.prav ided ad' liblj1tum~ Temp~rature wes contralJed as in 

J e x·p e r i men t 1. At' 5 w e e k s o. f' age b i r d sin 2 a f the 6 pen s 

were fasted (16 haurs), 2 wère fed, 
., 

and 2 we r e _~ as te d for l 6 
L:Î.~ 

hours the n re fed (45 min ute s) pr ia r to samp 11n g. The r'e we r e 

th"'u"s 12 treatments: 2 lines x 3 states (fed, fasted, ref~) 
x 2 se x es ... 

Blaad sampling', pandreas . and abd'aminal 

,pre v iouai '1 descr'ibed (ExperCiment 1). 
\ 

/ 
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LABORATORY ANAl~SES 
. . . 1 .' 

P la5ma glucose conce·ntratlons were measured by the glu.cos-e-­
• 

;~idase tech~'ique uS1.ng the 8eckman II Glucose Analyzer 

. ( B e' c k man 1 n 5 t r ume n t s, FuI 1 e r ton, Cal i for n la). Pla s m a f r e e .. 
'fat~y:aClds .. wer~ es..timated by a radl chemlcal mlcrotechnlque 

u fl ~ ~ 9 63 N'; ( 1 2 5 2 • P 1 ~ 5 mai e v e 1 S f a v l an pan cre a tic . 
pol Y -p e p t 1. d e 'fi e rem e -a 5 ure d b Y 0 r • K l m m e '1 (V ete r an' S 

Adml.ni5tr.at1.on 14edlCal Centre, Kàiî-sàs I~O.) accordlng 

ta hi'!? awn ,method (126). For measurement of 

"levels of any of the 'varlou5 hormones, the pancreatl ce 11 s 

'"tere firs.t d'~s,rupted' CSo,flifler Cel} Dlsrupter 35'û, ranson 

So'nl c f'ower Co.) and the hormones extra~ted overnlght at 4°C 
'--). . / 

aCld-e'thanol' mixture (27). The extrac"ts were then ..' , 

.. 
in' an 

, . s e <i a :1 1 Y d 1 lut e dan d 

... and/oi' gluca~on . 

assayed for lmmunoreactlve lnsulin 

Inaùlin Radioi •• uno8asày 

,A he ter. 0 1 '0 9 0 u' 6 rad l.O l mm un 0 a s s a y w a s con duc t e d for c h 1. C ken 

insuli-n fol!owil"lg, ln part, the method u5ed by Marllss 

(127). ChicKen irisul.l.n standard was rece1.ved a~ a glft From 

• 
the' National l'nstitute of Chlld Health and Human Devélopment ,-. 
(who . origln~1·1 y obtained lt From Ll.tron Laboratorles, 

R"9 che ste r r N • Y .). 'T h i 5 w.a 6 r e con s t 1 tût e d i n l m lof' a s s a y 
, , 

buffer '(~ee below). No cont~natlon wlth glucagon, 

~o~m~t,osta\ln was.c/âimed'o.y ~ltron. 125r-label1ed 

in su l,i n ,W a s pur cha s e d f. r am Nov 0 Res e arc h 1 n s t l tut e , 
l "r' ~ 

• J.. r.r~ . 
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A guinea pig anti-beef insulin antlbody (a l:lG(; dllution) 

was obtalned From the University of Vermont's General 

Clïnlcal Research Centre, Burlingt"on, Vermont, where lt had 

been obtained prey iousl y From Dr. P.H. Wright. 

Reagents- For the dilution of antl-beef lnsulin antisera, 

125I-labelled porclne lnsulin, and chicken lnsulin standard, 

a glyclne 
1 

asssy buffer (O.4M Glyclne, BDH Chemica1s, 

Montreal; pH 8.8, C.2M) contalning normal lamb serum (1% v/v 

Glbco Laboratories, Grand Island, New York) and bovine . 

. albumin (0.25% w/Vj fractlon Vj 

Louis, Mlssouri) .was used. 

Slgma Chemica1 Company, 

(J.' 

st. 

1 n sul i n a n t i b o-d Y - W r l g h tan t l S e r are c e i .v e d a s al: 1 (; C 

dilution, was dlluted to 1:1000 with ass~y buffer and stored 

at -7l.J°C (stock solutIon). To obtaln the worklng solution, 

100 mlcroliters of the stock solutlon was dIluted to.16 ml 

Il 

wlth assay buffer to arrlve at a flnal dllutlon of antlbody 

ln th~ ass.ay mixture of 1:800,000 • ., 

Radiolabelled lnsulin- 125 r-labelled lnsulin (0.82 ffilcrograms 

lnsulln content; 25.7 mlcroCl radloactivlty per vlal; 31.3 
1 

mlcroCl/mlcrogram of Insulln speclflc radloactlvlty; 10 mg 

human albumin content) was obtalned D or 4 batches)" from-

Nov 0 and r e con s t l tut e d l n 5 ml • .::..., 0 f a s s a y b u f fer, d l'y l d e d 

l n toI 2 (; m l c roll t r e a l 1..Q-U.G t s (s t oc k sol u t l 0 n ) and s t are d a t 

-2U o C. -Before use, IGG mlcrolltres of stock solutIon ~Jere 

dIluted ta 60 ml wlth assay bu~fer. 
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Insulin standard-The glft of chlcken ~nsulin standard 

(NICHD)(lot no. 109 Lltron Laboratorles) 'was reêelved ln a 

lyophlllzed form and was reconstltuted ln l.u ml of assay 

buffer to àrrIve at a stock solu.tIon of 100 mIcrograms per 

ml. The stock solutIon was stored as 2GG mlcrolltre allquots 
l 

at -20 oC in Beckman mlcrofuge tubes. For purposes of the 

assay 100 mlcrolitres of stock solutlon were dIluted to lu 

ml with assay buffer to g~ve a worklng standard solutlon of 

10 ng/ml. Stock solutlons were dlluted Immedlately before 

use ln each assay ta avo~d loss of actlvlty at the lower 

concentrat1ons. 

Assay Procedure: 

lat ~:preparat1on af antlbody and standards which were 

kept at 4°C. AlI Incubat~ons were carrled out ln 12X75 mm 

9 1 as s cul tu r e tub e $ t 0 wh le h bu f fer, sam p 1 es, a r 's tan d a r d 5 

were first added accordlng to table 3 . AntIbody was added 

secondly ta aIl tubes except ta tubes for total counts and 

,non-speclf1c b1ndIng. Tube contents were then m~xed (SHI 

model 26GO multl-tube vortexed and Incubated for 24 hours 

2 n d ~: 1 2 S l - 1 ab e Ile d ln 5 U Il n wa S pre par e d b Y a P pro p r l'a t e 
~ 

dilutlon and added to aIl tubes. The tube contents were then 

mixed and Incubated ,48 hours at 4°C. 

4tn ~~y: A suspens~on of dextran-coated charcoal was 

prepared. Charcoal 3% w/v (t'Jorl~ A, FIsher 5cient1flc Co., 

~'. .. 54 , 

, 



U.S.A. cat. no. C-176) plus G.2SJô w/v Dextren T-7G 

(Pha!maCla Fine Chemlcals AB, Uppsala, 5weden) were 

prepared ln IGO ml of G.4M Glycine plus IGû ml dlstilled 

water and allowed ta stlr, uSlng a magnetlc stlrrer, at 

least 1 hour before addition. Before charcoaling, normal 

lamb' serum was thawed and added ta tubes 3-36 ta equallze 

the proteln concentration of the standards to that of the 

sample tubes. The tube contents were then mlxed. Then the 

charcoal-dextran mlxture was added ta aIl tubes except those 

for total counts. Tubes were gently mlxed and lncubated for 
\ 

3u minutes at 4°C then centrlfuged for 15 minutes at 3uOG 

rpm (2000 x g) at 4°C. The supernatants were then aspl.rated 

and t.he charcoal preClpltates WhlCh represent unbaund 125 1 _ 

Insulln were counted ln the gamma co.unter (LKB Wallac 1271 

Rlagamma Autamatlc Gamma Count~r). the percent bound for 

éach sample was calculated by subtractlng from total counts 

those for the sample preclpltate and then dlvldlng by the 

t 0 t ale 0 un t s . Un k no w n 1 n s u Il n c 0 ne en t rat .1 ons we r e r e ad 0 f f 

the standard curve. 
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1 • 

T.C.* 

N.S.B.-

\ 
2 ngt_1 

1 ngt.I 

0.25 ng/.' 

0.125 ng/.' 

SaMpI. 

(' 
N.S.B. s.-pl. 

• Total counts 

Tabl.:5.. Insul ln radlolllllUnoassay procedure 

1.1" Dey 2nd Dey 4th Oey 

Tube l, Std. S~le BuH .. .... 8.+ 1125 N.L.S.++ Charoool 

1 
2 

:5 
4 , 
6 
7 
8 

9 
10 

" 
12 

l' 14 

" 16 

17 

18 

19 
20 

21 
22 
2:5 

24' 
25 
26 

27 
28 
etc. 

" 
" 
" 

" 

(0.6 .1) 

(0.1 Il'' (0.5." 

(0.2 _U (0.2_" 

~ 
(0.2 .1' ct 

(0.2 _Il 

j 
(0.2 ,.1' (0:2 1111) (0.6 1111> (0.5 11111 

- Non specIfIe blndlng ~ 1 IlIIIIb serUM 
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Resulta: .,. 

A typical standara curve is shown (figure 6). Peter Wright's 

anti-beef insulin antibody would appear ta give a 

favourable cross reactiv~ty w~th chicken insu lin. At G ng/ml 

- of chicken insulin the percent of bound labelled ~nsu.l~n was· 

about 78%. At 4 ng/ml of chicken insul~n standard~ the 

percentage of bound labelled hormone was approximately 20~. 

Normal phYSIologieal levels for chicken insulin ra'n"ge from 

0.15 ng/ml to 1.5 ng/ml and thus the crltieal portion of 

this dose-response eurve would be of practical use for aVlan 

~ 

plasma samples wlthout any dilutions b~ing necessary. 

Oilut~on8 of chlcken pancreat~c extract were measured for 

their insulin content .using thlS method and were found ta 

fall very weIl upon the critical portIon of thlS standard 

curve. 

A pooled sample of chicken plasma ~as used ta test for 

inter-assay reprdduclblity. The standard had an Insulln 

concentration of l.J.8l+G.G2 ng/ml. The lntra-ass~y varlatlon 

was less than 5~. 

Detect~on of concentratlons of chIcken lnsulln as low as' 

0.03 ng/ml and up ta 4 ng/ml is possible uSlng thlS assay. 

The advantage of this method ~s that the antlbody, standard 

and tracer are aIl avaliable and ~hus no labourlous 

preparatlon IS necessary. There 18 also no need to purchase 

a second antlbody as for a double-antibody technique. 
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An anti-chicken antibody obtained From Dr: 
\ 

J.~. McMurtry 

(Beltsville Agricultural Research Centre, Belteville, 

Maryland 2L7û5) (at a ,1:15,C,LG dilut~on) was also tested 

against the same 125I-anti-porcine ïnsuliri tracer. The dose 

reaponse curve obtaif'!ed wae poor rahging From 3.1% boùnd tà . 

5~ baund (not shown). Whether the antibody preparation was 

poor or did not react weIl with the tracer ia unknawn. It 

is, thaugh, inferior ta the Wright antibady in terme of'- the 

quantity required- to conduct an Bssay. Very high 

concentrations of this chic ken sntibody would be required ta 

improve its performance in the asssy described herein. 

'. 

,-

\ 

. \ 
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Gluc8gon Radioi •• unoassay 

A heterologous radl01mmunoas~ay was conducted for pancreatlc 

glucagon followlng, ln part, the melhod used by Nakhooda ~ 

~ • (1 2 b ). C r,y s t aIl 1 z e d, h 1 9 h l Y pur i f 1 e d p 0 r c 1 n e glu c a 9 0 n 

(l00 mIcrograms) was abla1ned From Nova Research Instltute, 

Denmark (l~t no. G4213G6) cantalnlng 0.uu2% Insulln and 

15.72% nitrogen. l25r-labelled porcIne glucagon was also 

purchased From Nova. The antlbody used was 30K From the 

UnI ver S 1 t Y 0 f .T e x a s H e a .r t h 5 c l e n cee e n ter a t 0 a lIa s , U • 5 • A •. 

Reagents- tor the dllûtlon of antlbady, 125r-Iabelled 

porCIne glucagon, and pancreatl~ g1ucagon standard a glyClne 

buffer (BDH Chemlcal~, Montreal; pH 8.8, D.2M) contalnlng 

hum an lamb serum (1% v/v~(GIbco, Laboratorles, Grand Island, 

N.Y.) was used. 

Glucagon antibady- Twenty-flve mlcrolltres of rabblt beef-

pork glucagon antlserum (30K) were recelved ln a lyophlllzed 

form. The 3DK 15 cialmed to have a hlgh speclflclty for • 
pancreatlc glucagon. It was reconstltuted ln 5ml-of assay 

. buffer to abtaln ~ 1:200 stock solutlon WhlCh 

dIV l d e d ]. n t 0 aIl quo t san d s t 0 r e d a t" - 2 G 0 C. The 

was then 

stock 

solutlon was dlluted ta l:luu,GOG for use ln the assay. 

Radiolabelled glucagon- 125r_porclne glucagon was obtalned 

From Novo. The 0.075 mlcrograms of lyophlllzed radloactl.ve 

'glucagon was reconstltuted ln LU ml of assa~ buffer, 

allquoled as stock solutIon and stored al -20 0 e. For use ln 

6L 
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the aasay, IGG microl~tres of stock solution plus 2G ml of 

T r a a y loI w a s d i lut e d toI 2 G m,l W l t h a s s a y b u f fer. T h ~ s 

d~lutlon was such that la pg of labelled glucagon would be 

pre sen t ln 0.6 mIt a ken for the a 51 s a y • 

Glucagon standard- Master stock (luü ug/ml), stock (l 

u 9 / ml), and W 0 r k ~ n 9 sol u t l 0 n s (2'0 0 G p 9 / ml) 0 f h 1'9 h l Y 

purifled porcine glucagon were stored at -70°C. For the 

assay, dilutions of 2000, 1000, 500, 300, 200, 100, 50, and 

2u pg/ml wer~ used. 

A8~ay Procedur~: 

First day: 

. , 

A~ded to 12 x 75 mm glass culture tubes: 

l) 

2) 

3 ) 

0.6 

0.2 

0.4 

1.2 

ml 

ml 

ml 

ml 

125I-glucagon contalning Trasylol 

standard or samples Cassay standards ln 

triplicate; samples' ln dupllcate) 
antlserum 

total volume. 

4) Non-speclflc blndlng: Tubes were set up contalning 

assay d-iluent rather than antlserum for the 
, 

standard curve and for each group of samples ta 

allow for correctlon for dlfferences ln the non-

speclflC blndlng. 

5) Countlng standards: Tubes represen~lng total counts 
\ 

were set up wlth a's'say buffer ln place of 

antlserum, plus sa~ple or standard. 

6) Tube contents were then mlxed and incubated at 4°C 

for 4 da y,9. 
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Fourth oay: 

7) A suspension of dex'tran-coated charcôal 

chareoal w/v, 0.25% dextran w/v) was prepared by 

~ mixing 1;'0 Norit A charcoal and G.5% Oextran-7ü in 

D.2M glycine (pH 6.8).- The mixture was stirred at 

least 45 minutes prlor to use. 

S) Bef.ore additlon of chareoal mixture, 0.2 ml of 

normal 1amb serum (1% v/v Glbco Laboratories, Grand 

1 s 1 and, N. Y .) w a sad d e d, t 0 .. s am p ll:ls con ta l n i n 9 no 

plasma' for the purpoge~:'of standardlzatlon. 

9) G.5 ml of the dextran-coated charcoal suspension 

was added to each tube except those for total 

eounts. They were mlxed and left to Ineubate for 45 

mlnutes at 4 oC. 

IL) Tubes were then centrlfuged for 15 mlnutes at 4°C 

at 3000 rpm (2000 x g). 

Il), The supernatant was asplr~ted by suctlon. Tubes 

contalnlng the charcoal pellets and those for 

total counts were then counted ln a gamma 

sClntlllatlon counter (lKB Wallac 1271 Rlagamma 

Automatlc Gamma Counter). Calculatlons were done as 

for IR!. Unknown glucagon eoncentratlons were read 

off the standard curve. 

tfeauita: 

A typlcal standard eurve lS shawn (figure 7). The 3CK 

antlbody th.,sed thus appears to have given favourable cross-
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reactivity with the mammallan standard employed. At a 

concentratlon of ü pg/ml porclne 'glucagon, the percentage 

'b 0 und w a sap pro x l mat e l y 6 5 ?~ • A t 2 0 0 û P 9 / m lof par c 1 n e 

of bound radiolabelled glucagon had 

dropped 

The mOqt sensltlve portlon ,of the of 

the curve wl.th the greatest slope, was found to lie 

lUG pg/ml and 5UO pg/ml. Chlcken plasma samples were dlluted 

to the pbint that they could be read from thlS critical 

reglon. Dllutlons' of 1:4 and 1:8 for chlcken plasma were 
, 

usually found satlsfactory. A dIlutlon effect was not 

eVldent l.n most cases. 

T h 1 S rad 1 0 l m m u n 0 a s s a y S y ste m w a s ',- tes t e d for 1 t s a b l l l t Y t 0 

( 
measure aVlan pancreatlc g~ucagon. ACl.d-ethanol extracts of 

aVlan pancreata and plasma samples were serially dlluted and 

measwred by RIA "for glucagon. It was found that the 'extracts 
1 1 

and plasma produced a response p<;tttern very slmllar ta that 

of the mammallan standard. The'Z curves could almost be 

superlrnposed. ,. 

On a poo1ed plasma control" thlS method gave an inter-assay 

reproduclbl11ty erraI' of les8 than 12% wlth an lntra-as.say 

el" l'or 0 f les S ,t han 5 ~~. 
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CAlCUlATIONS fOR DATA ANAlVSIS AND STATISTICAl METHOOS !!E 

DATA ANAlYSIS,· 

The glucagon ta insul:tn malal' ratio (GTIR) was calculated as 

follows: 
and 

MW of glucagon 
MW 0 fin sul i n 

= 3500 daltons 
= 650G dai tons 

thel'e fore molal' ra tio = 

. concentration glucagon Q-"""""'-r"-='"'­

concentration in8ul~n 
x 65LlJ 

35Gu 

\. 
\--.. " 

T 

The percent ~bclOmif)al fat (PAr) was.---expresaed on a live 
~ 

weight basis. 

The r es u 1 t s we r e a na l y Z ,e dus i n 9 the G L M pro c e dur e a f the 5 A S 

pack'Sge (129). The 4 model equations used ta analyze the 

. /ê data are given oQ the fallaw1ng pages. The formu lae:were 

( 

us e"d 
'" 

to prov ide least-square means for var1aus 

t r e ~ ~ men 1: s ( m a 1 n, e f f e c t s ) and the, var i 0 u S 1 n ter a c t 1 0 n 5 

Cfixed effectsL ·The experiment 2 data were analyzed with 

1 
an d w i th 0 u t the c 0'1 d r ° è m 'd a t a tas e par a te au e e f f e c:. t s th a t 

. , 
may. have been due to the cold on1 y. for ease of reporting;,. 

many of the interactions JdClged to be 1nsigniflCant at: t~e 

G.OS probability leveI were nct incl:u.,ded in the tables of 

results. 

The' model equations used to calculate the c,orrelat1ons 

,included aIl main effects but only those interactions that 
'\ 

were found to be significant. The partial correlation 

equations are not given. The partial correlations given are 

from the error surns of squares and cross products nl'atrix in 

the SAS package. 

.:1 
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Mo.del equation for experi.ent 1: 

y iJ<klm :: u + L 1. + D, +, 5 t'k + 
+ St5 k1 + tOSt iJk + .. ' 

wtJerti!: . 

':(l.jklm : the 1Jlklm th obs&rvat~on,' of blood 
par·ameters (e.q. glucose, l.nsul in etc.) 

. 

. 

, 

.. 

• 

u = th.è popu'lation mean 

ll' : effect of Une (1=1,2) 

D j :: e f f e ct 0 f dl et· (J = l , 2 ). 

'" St k = effect o'f ~tate (fasted, fed) (k::1,2) 

'Os-, 1 . ~ 

= effed'of sex (1=1,'2) 

-- ln ter t~C t 1. 0 n 0 f the 1. t h 1 1. n e e f f e c tan d 
the J dlet effect 

~ 1I'l'tert~,ct1.on of the lth 11ne ef.fect ana 
the k state effect 

= ln t ê r ta. c t 1. 0 n 0 f the i t ~ 1 i n e e f f e c t Ci. n d 
the" 1:0 sex effect 

:: 1. n te, t~C t 1. 0 n 0 f the J th d 1. ete f f e c tan d 
,the k state effect ,. 

:: interfct:1.0n of the J th dlet effect and 
,the 1 li sex effect .. 

5 t5 kl = inter~~t·1.on of the k th state effect and 
the 1 sex 'effect 

PAF' 

)(."i j k lm 

, e j. j k lm 

:: lnteract1.on of the l.th 11ne effect and 
the J th d1et effect and the k th state 
effect' 

- the partla1 regresslon on percent 
abd omina l'fat 

:: the ~fi r c en t ab dom i na 1 fa t for ~h e 
ijklm lndlvid~al 

= error term. 
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, Model equat ion for exper i.ent 2: 

Y~Jklm : 

where: 
Yijk'lm 

U 

.LI 

Tj 

5 tic: 

?l 

LT IJ 

lStlk 

lSll" 

TSt Jk 

= the IJklm th observation . 0 f blood 
parameters (e. g. glucose, ins u!ln etc. ) 

= the populatlon mean 

:; effect of 11ne (i=1,2) 

:; effect of temp (J=1,2) 

= effect of state ( fasted, fèd) (bl,2) 

= effect of sex (1=1,2) 

:; l'n ter t1,c t l 0 n 0 f the I th lIn e effect and 
the J temperature effect 

= ln t e rt\c t Ion of the 1 th lIn e effect and 
the k state effect 

:; Interrctlon of the 1 t h 11ne effect and 
the l h sex effec t 

= InteractIon of the J th temperature 
effect and the k th state effect 

= lnteractlon of
t 

the 'Jth temperature 
effec t and the 1 h sex e ffec t 

= Interîgllon of the k th state effect and 
the l sex 'effec t 

LTSt lJk = Interactlon of' the Ith line effect and 
the Jtn temperature ~ffect and the k tfi 

state effect 

PAF :; the par t laI reg r e s 5 ion, 0 n p e r c en t 
abdomInal fat 

:; the 't~rcent abdomInal fat for the 
iJklm indivIdual 

:; error term. 
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Nodel squatian for experi.ent 2 
without the co Id roo. data: 

y = u + li + stJ'+ Sk + L,StlJ + LS 1k + StS jk + PAF. xiJkl + 
eijkl 

where: 
y lj kl 

U 

"'-i 

St J 

Sk 

LSt w 
LS 1k 

StS J k 

PAF 

x lj kl 

e ijkl 

oi". 

\ 

::: the -iJkl th observatlon of blood 
parameters (e.g. glucose, insulin etc.) 

::: the populatlon mesn 

= effec t of l.lne (1= 1.,2) 

::: effect of state (J=1,2) 
, 

::: effect of sex {k:::l,2J 

::: in ter ~c t ion 0 f the 1 th 11ne effect a.nd 
the Jt state effect 

::: l n ter tî,C t l a n a f the lth Ilne e ffec t and 
the k sex effect 

,- 1nterrRtlon of the Jtn state effect and 
the k sex effect \ 

::: the partlal regress10n on percent 
a bdàm 1.na1 fat 

::: the percent abdom1na1 fa t for the l.Jk1 th 
lndlY ldual 

::: error te rm. 

~ 
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Model equation for exper iaent :5: 

YiJkl = U + Ll + -5t j + Sk + LSt
1J 

+ LS lk + 5t5 Jk + LStS 1JK + 
PAf. xlJkl + eiJkl 

where: 
YiJkl = the ljkl th observatIon of blood 

parametere (e.g. glucose, lnsulin etc.) 

U : the popu1atlon mean 

! Ll : effect of Ilne (1:1,2) 

effect of 
(J:l,2,3) 

state (fasted, fed, refed) 

Sk : effect of sex (k=1,2) 

StSJk 

: l n ter tÎlc t l 0 n 0 f the l t h lin e e f f e c tan d 
the J state effect 

: lnter::\,ctlon of the lth line effect and 
the kt sex effect . 

: lnterr~tlon of the /h state effect and 
the k sex effe.c.t 

= 1ntert~tlon of the lth 11ne effect and 
the J state effect and the k th sex 
effect 

PAf : the par t la 1 reg r es S l 0 non p e r ce nt 
abdomlnal fat 

X lJ kl : the percent abdomlnal fat for the lJk1 th 

l.ndlV1dual 

: error ~erm. 
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RESUtTS 

Overail percent abdo.inal fat reault8~ 

The percent abdomInal fat, results are shawn for aIl three 

experiments (table 4). In all experimen'ts, the percent 

abdomInal fat wàa slgn~fIcantly higher ln the FL compared ta 

the LL (2-3 tImes greater) and slgnlflcantly hlgher ln 

females versus mal'es (1.2-1.3 times greater ln females). In 

[xperlment l, the ChlCks that consumed the fat supplemented 

dlet had slgniflcantly Iesa abdomlnal\fat than the ChlCks 

that consumed the\ non-fat supplemented dlet (u.B bmes 

les8) : 

\ 
\ 

.. ' 

\ 
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T ab 1 e 4: The e f f e c t 0 f l 'i n e (e x pts. l, 2, & 3), die t a r y fat 
supplemention (expt. 1), and sex (expts. 1,2,& J) on i1ercent 
abdominal fat tPAF)., '\ 

\ 
EXPT. Il 

(4 week old) 

LINE 

fL 1.5+(;.l a 

Ll - b G. 5+0.1 
(0.0001) 

DIEr 

fS L.9+u.l b 

'Nf 5 1.1+G.l a 

(u.OOG7) 

SEX 

F 1.2+G.l a 

H - b O. 9+(J • 1 
(0.0001) 

l mean+sem for 92-96 chicks. 
2 mean~sem for 3&-4(, ChlCks. 
3 mean+sem for 2B-3CJ ChlCks. 

PAf 
(~ live b.w;) 

Expr. ~ 
(5 week old) 

'a 2. 5+G • 1 
- b G. 9+G • 1 

(G.OGOl) 

, ~, 

EXPT~' )3 
(5 week old) 

2. 5!,lJ • 1 ~ 
1.1+(,.1 
(G.ÛOCJ1 ) 

1.9!,G:l~ 
1 . 5+L • 1 
( O. G13 0 ) 

Numbers ln parentheses Indicate the probabillty of a greater .' 
f value. <' 
a,b means for any treatment not havlng the same superscflpt 
are signlflcantly different. 
FS= fat supplemented. 
NFS= non-fat supplemented. 

J 
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1 n the follow'ing presentation of resu'lts, \nless stated 

otherwise the percent abdominal fat (PAf) was included as a 
" 

covar~ate ln the model equations for aIL 3 expertments. 

EXPERIMEHT l "" 

The Iresults for plasma glucose, glucagon (IRG), and insulin 

(IRI) are presented ~n table 5. 

GLUCOSE- Glucose levels var~ed wlth llne (p=lJ.LGG4), dlet 

(p=G.G265), and state (p=O.GGGl). The FL had lower (228 mgtl) 

and the LL hlgher (251 mg%) p la9ma glucose le vels. Fat 
, \/V"'"~" 

supp1emented d~ets were assoclated w1th h1gher (245 mg%) and 

non-f.~t '!3upplemented dlets wltn 10wer (234 mg~o} plasma 

glucose levels. Fastlng plasma
1 

glucose lèvels were lower 

than fed 1~vels 211 versus 2bb mg% respectlve1y. There was 

no effect of sex on c1rculatlng glucose levels. 

-
GLUCAGON- There was a trend for plasma glucagon l.evels ta be 

r~rfected by Ilne (p=O.u655). Fat line plasma glucagons' 
, 

aiV,eraged 1.71 ng/ml while the lean Ilne averageo 2.(;9 ng/ml. 
i~ J 

'" 

INSUlIN- Plasma lnsulln levels varled w1th S'tate, 

(p=u.GGG1). There was al sa a s1gn1 flCant llne x state 

interactIon (p=O.G296). Fasted bl.rds averaged plasma 

insulins of G.45 ng/ml while fed birds averaged L.98 ng/ml. 

fJ.;. and LL fasted birds did not differ significant1y in 

plasma insulin levels (G.5G and 0.41 ng/ml respectively). 

However, in the fed stete, Ll birds had significantly higher 

(l.lG ng/ml) plasma insulin than Fl birds (G.B8 n~/ml). 
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The reau 1 ta for the plasma glueagon ta Insu! in mol ar ratio 

(G TIR) , A PP, and f r e e fa t t)' a cid s (r FA) 8"r e pre sen t e d i n 

table 6. 
GTIR- In Experiment l, 

Tt" 
the GTIR wa~ significantl)' affeeted 

by diet (p=ü.0378), stete (p=G.Oû15), and 1Ine x state 

(p=G.G3GG). Fat supp1emented bads had a slgnIflCantly Iower 

average GTIR (6.7:1) than non-fat supplemented birds 

(8.9:1). Fasted birds had a slgnIflcantly hlgher rat10 

'" (9.4:1) than did fed blrds (6.2:1), 

A 11ne dlfference sùrfaced ln the fasted st~te. That lS, LL 

Fasted chlcken9 had a slgn1flcant1y hlgher ratIO (11.2:1) 

, than FL fasted ones \7.6:1). Fasted FL buds did not dlffer 

.signlflcantly From Fed FL (6.6:1) and LL (5.9:1) birds. 

\ 
APP- APP levels varled slgnlFleantly wlth state (p=G.LLGIJ. 

Plasma APP levels were higher ln fed (1.91 ng/ml) than 

fasted Cu.n ng/mU ch1ckens. 

rfA- Only fasted blrds were measured for FrA levels. rrA 

levels ,ln the p'la9ma were unaffeeted by line, diet, .and sexe 

Res u l t s for the w i th i n lin e par t i ale arr e lat ion s a'r e s ho w n 

in table 7 • 

. FL 

Glueo'se was signifieantly and positive"l)' correlated with APP 

( r = O'. 2 5; P = G • G 3 l 1) • 

Glueagon was correlated with GTIR (r=G.72; p=G.GGGl) and PAF 
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( r :: G • 3 (j; p = (; • U G. 7 7 ) • 

Insulln was negatlvely correlated with GTtR (r=-u.53; 

p:: o. op 0 1) and po s 1 t ive 1 y cor r e la te d w i th A P P (r:: c,. 34; 

p::u. G(28) • 

G TI R w a sne 9 at ive 1 y cor rel a t e d w i t h A P P ( r:: - G • 2 6 ; p :: li • G 2 2 7 ) • 

LL 

Glucose was P081tlvely correlated w~th pl~sma ~nsulin 

( r :: 0 • j 1; p:: O. 0 0 09 ) and n e 9 a t 1 V e l y w 1 th !:A F (r = - IJ • 2 4 ; 

p=Ü.(390). 

Glucagon was negatively correlated with Insulln (r=-IJ.31; 

p=u.IJ(68) and posltlv-ely wlth GTIR ,,(r=Ü.63; p=ü.GGOU. 

lnsul~n 
'1 

was 

p=O.(JûGl) 

p::G.(395) • 

. " 

and 

negatlvely 

, . 

co1'related wlth GTIR 

correlated wlth APP, 
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Table 5: The effect of line, dletary fat 5 u p pIe men t a t 1'0 n , 
state ( fasted and fed) , and se~ on plasma levels of glucose, -

ChlCks (exp~rlment 1). IRG, and IR l ln 4 week nId 

GLUCOSE IRG IRI· 
(mg% ) (ng/ mI) \ng/ml) 

LINE 

FL 221:1+4 a 1.7+u.1 a G.7L+u.1 a 

lL 251+"4 b 2. 1 +"0 . 1 a - a 0.73+G.1 
(0.0004) (-O. ëJ 655 ) (O.aTtJ2) 

DIET 
4-

FS '2'45+3 a 1.tJ+u.1 a 0.7u+LJ.1 a 

NFS 234~3 b 2.[;+0.1 a - a lJ.73+LJ.1 
(0.LJ265) (0.192LJ) (0.7"709) 

STATE 

FAST.ED 211+3 b 1.8+u.l a 0.45+[;.1 b 

FED 26tl+3 a 2.0+u.1 a O. ~8-~G. 1 a 
(O. OOG 1) (0.0843) (G.OGOI) 

SEX 

F 239+3 ~ 1.9+8.1 a G.74+0.1 a 
M 239+3 a - a 1.9+U.1 - a 0.68+0.1 

(0.8491) (0.9786) (0.4403) 

LINE X STATE , 

FL FASTED 2G4+5 1.5+0.2 LJ.52+0.1 
FL FED 253+5 1.9+0.2, 0.88+0.1 
LL FASTED 219+5 2.G+0.2 LJ.3t3+0.1 
LL FED 282+5 2. 2+0~ 2 1.U7+G.l 

(0.1G93) (0.5288) (O.l.J296) 

Mean+sem for 92-96 Chlcks/maln effect. 
'Mean+se~ for 46-48 chic~s/2 way lnteractlon. 

Numbers ln parentheses lndlcate the probabl11ty of a greater 
F value. 
a,b means for any treatment not havlng the same superscrlpt 
are slgnlflcantly dlfferent. 
FS=fat-supplemented. 
NFS=non-fat supplemented. 
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Table 6: The affect of line, dietary fat supplementa~l.on, 
state (fasted and fed), and sex on plasma levels of APP, and 
FrAIs and on the clrculatlng glucagon ta lnsu1in molar ratio 
(GTIR) l.n 4 week old chl.cks (experiment 1). 

lINE 

FL 
LL 

DIEr 

FS 
.# 

NFS 

STATE 

FASTED 
FED 

SEX 

F 
M 

lINE X STATE 

. FL FASTED 
Fl FED 

GTIR 

7.1+u.a 8 

- a 8.6+0.9 
( U .2329 ) 

1 

b 6.7+0.7 
- a b.9+G.7 

( 0.0378 ) 
" 

9.4+0.7 a 
- b 6.2+1J.7 

(0.0015) 

7.6+0.7 a 
- . a 8.L+u.1:Î 

(0.7121) 

7.6+1.1 
6.6+1.0 

APP 
( ng/ml) 

1. 5+u • l,a 
1. 3'tu '. la 
(0.ï756) 

1.4+(;.l a 
- a 1.4+ L.l 

(0.6804) 

(;.9+G.l b 

1.9.u.1 a 
(u.ÛOul) 

1.4+0.1 a 
- a 1.4+u.1 

(0.8172) 

1.2+0.2 
1.9+0.2 

FrA 
(nmol/1) 

.97 u+5 8.a 

l1C.u+61 a 
(0.2346) 

1 043+4u a 
lu27+36 a 

( U. 7718 ) 

1(;35+26 

IG4l+34 a 
1029+41 a 
( 0.8389 ) 

1 

97u+58 

~ Ll FASTED 11. 2.1.1 0.7+0.2 11 GG+61 

~ . 

LL FED 5.9+1.1 1.9+0.1 
(O. G3 Gu) (0.1180) (0.2346) 

~s 

Mean+sem for 92-96 chicks/maln effect. 
Mean+sem for 46-48 chicks/2 way l.nteraction. 
Numbers ln parentheses indlcate the probabil1ty of a greater 
F value. 
a,b means for any treatment nat having the"same superscriiH 
are significantly different. 
FS=fat-supplemented. 
NF5=non-fat suppl~mented. 
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Table 7: Partial correlation coefficients (r) among\plasma 
glucose, glucagon (IRG), ~nsulîn (IRI)" glucagon to insulin 
rÎfo1ar ratio (GTIR), APP, and percent abdominal fa,t (PAF) for 
,4 w e e k a 1 d F L / L L chi c k 5 r a ~ s e don fat and non - f a,t 
supp 1emented diets (exper iment , 1). 

IRG IRI GTIR APP PAF 

illllNE 

GLUCOSE L.G77 lJ.2GO -O.G 24 L.247 -0.022 
(G.5076) (0.0827) ,(0.8394) (G.GH7) (0.fj5l2) 

IRG -O. 163 G.722 -G • 214 G. 3 u,3 
(0.1596) J (0.0001) (0.0634) (G.üu77) 

IRI -0.533 L.338 -0.LJ4l 
(0.0001) (G.OuZ6) (0.7274) 

/ 

GTIR -u.261 0.083 
(G.0227 ) (0.47b5) 

APP -CJ.185 
(0.IG87) 

LEAN LINE ----- --> , / 
GLUCOSE -IJ.GGI &.371 '-0.136 0.035 -G.236 

(,0.9930 ) (G.OOO9) (0.2399) (O.76G2) (0.[;390) 
\ 

LRG -0.3G6 0.631 -G .2CJ4 -0 .l.Jb 2 
(0.G068) ([,.000'1) (0.0711) (0.4796) 

IRI i· -0.528 G.235 -0.15Lt 

/- ' (O.UOOl) (0.0395) (ü.1802) 

GTIR - 0.098 -0.027 
([,.3956) (0,.8143) 

App -0.062 
(0.5948) 

The numbers in parentheses indicate 
greater absolute value of "r". 
Cor~e1ation. for 90:"96 birds per line. 

the probability of a 
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. EXPERIMENT 2 

. \ -..,; . 
The results for plasma g'lucose, IRG, and IRI are presented 

in table 8. 

GLUCOSE- Glucose leve-ls were significantly affected ~y line 
Q 

(p;·O.OOOl), temperature (p;;;O.OOOl), and state (p=G.OGOl). In 

ad(~lition, there "was a significant temper:ature x state 

i~teraction (p=O.OOOl). FL plasma glucoses ~evels averaged 

191 mg~~ ta the LL's .higher 213 mgJL Room temperature 

circulating glu'e:ose leve1s. were higher (2'16 mg~~) than cold 

ra 0 mIe v e l s ( l 83 m 9 ~ ) • Fas t a d 
~ . ( 

birds had lower ,plasma 

glucoses (1,86 mg%) than fed bll"ds (217 mg~~). With respect to 

the ternperature x state interaëtion, room tempf)lrature fed 

birds had a higher average plasma glucose level (245 mg%) 

01, than room temperature fasted (187 mg90 or cold room fasted 

(185 mg;\;) blrds. Cold room "fed" birds also had lower (189 

mg%) levels than the room temperature fed birds. 

GLUC>AGON- Pla sm agI u ca 9 0 nIe v e l s w e r e a f f e ete d b Y 

temperature (p.=O.GGOl). In addltlon the 'interactions line x 

state (p=O.OOlO) and temperature x state (p=O.OOP2) were 

also highly slgniflcant. There was a trer.\d towards 

\, .. \3igni ficance for the l ine x temp eratu.re x s tate (p=ü.Û6 7 8). 

Cold roam birds had a higher (3.6 ng/ml) Il8verage plasma 

gl'lJcagon than room temperature birds (1.8 ,ng/mU. 
> -

, . 
Col d r 0 a m f e,d b i r d s h a 9 a sig nif i c a n t l Y h i 9 he r a ver age 

plasma glucagan level (4.0 ng/ml) in comparison ta the other 

7b 



{ 

( 

JI ~I 

three groups. Cold room fssted bïrds hàd a s.ignificantly 
, 

h i 9 he r a ver 8 9 e P I 8 S m agI u ç a 9 ° n (3. I n_91 ml) t han r 0 0 m 

temperature fasted birds (2.4 ng/ml)~ ln contrast to l1\e' )t' 

other "three groups, r"oom temperature held fe~ birq,s had a 
\ 

sig nif i c an t l Y l 0 W e r a \1 e t age. pla sm agI u ca 9 one 0 n c en t rat ion 

(1.1 ng/ml). \ 
, 1 .. . 

fa'èted FL bird_s had a significantly higher aver~ge plasma 

glu c a 9 0 nIe v e l (3 .4 n g / m 1) t han f e d b i r" d s 0 f the sam e lin e 

(2.2 ng/ml). The opposite was seen in the LL where' the fed 

birds had a significantly higher average (,3.0 ng/ml) than 

,the fasted birds (2.2 ng/m1). 

INSULIN- P 1asma insu1in levels were significantly affected 

by temperature (p=u.OOOl), state (p=u.uOOZ), temperature x 

state (p=ü.GGul), and sex (p=u.G483). Cold ra am exposed 

birds had a slgnlficantly lower plasma lnsulln (0.26 ng/ml) 

than room temperature birds (û.43 ng/ml). Fasting 

significantly lowered plasma lnsulin From an average of u.43 

l/J/m1 in the fed state to u.26 ng/ml. The average plasma 
\ 

insu1in level was significantly highest ln roam temperature-

kept fed birds (G.65 ng/ml). The ather three groups did nat 

differ significantly From one anothe.r; cald room expose,d 

fasted (G.31 ng 1 II') 1) , 

kept fasted (0.21 n 

average plasma ins 

ng/ml). 

fed (0.21 ng(/ml), and room temperature-

/ 
Female~ had signlficantly ëlevated 

(0.39 n~/rtll) compared ta males (L.3G 

". 
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Without PAf lncluded as a coyariate in the model, tll\ere was 
~ . 

a signlficant effect of Une (p=u.G253) on ~lasma insuline 
',... , 1 

fL birds had a significantly higher dverall average of CJ.}9 
, 

ng/ml compared ta the ,L L 's. a ver age ?f O.3Û ng/ml.. As PAf was 
It 

not included in the model, thi.s wou Id 8uggest that the 

differences in percent abdominal fat d~d nat account for the 

line di(ferences in plasma insuline 

The plasma GTIR and ffA results are fd'und in table 9 •• 
1 

GTIR- The rat i o' of glu ca go n toi n s u Il n (G TI R) wa 9 

"" significantly affJ;.cted -by,temp~rature (p=GdJuûl) and by a 

temperature x state. Interaction (p=tJ.L(j(jl). Cald room­

exp a s e d b 1 r d s ha dan a ver age' r. a t i a a f 3 1 • ') : 1 wh lIe ra 0 m 

temperature bnds hacl a ratio of only 13.b, ,le\88 than half. 

, . 
Cold rOQm fed birds had the highest averagè Gr IR (42. ):1)-

signlflcantly higher then fasted cold room (2G.4:1) or roam 

temperature (23.6:1) ~ird9, the latter two gr,oups having 

signl flc'8ntl y higher ratio'il...",than the room temper~ture kept 
---;-\.~~~ 

fed birds (4.G:l). " -
frA- levels were' slgniflcantly higher 

\ 
free fatty acid 

(p=O.OOOl) l.n cold room (1591 nmoles/l) thsn room 
~ 

temperature birds (983 nmoles/l). ln addition, there was a . 
'significant temperature )( etate interaction (p=G • .oU4). Cold 

, t'oom exposed fasted (l522 nmol e811) and fed (16~ nmol e8/1) 

birds had significantly higher concentrations than room 

temperature fasted (lG9l nmoles/l) and fed (&75 nmoles/U. 

( 
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The latter two differed signlflcantly From ~ach other. 

The W1.thln l1.ne pa1"tlal
1V
correlatlons results are shawn 1.n 

table 10.' 

fL 

Glucose wss slgnlficantly and positlvely correlated with 

glucagon (1"=ü.36; p=0.(519) and insulln (1"=0.41; 
..;;;..;..;..;:;...;:~;:;;...;..,;,~ 

p:u.CJ269). 

Gluéagon was slgnlflcantly and pos~tlvely correléJted with 
'-/' 

in sul ln (r = 0.38; p'= u. 0 4 u i) and G TIR (r = O. S 7; P:: 0.0 lJ 12 ) • 

lL ./ 
1\'" 

Glucose was su:}niflcantly and negatlvely cOTpelate·d with 

l n"Su Il n (r=-0.36; p=O.034ûh '" \, 
G lucagon ,was slgnlflcantly and posrtively cOTrelated wlth 

GTIR ( 1" = Ü. 6\.7 ; P,=O.üOul). 

~lln was slgnlflcantly and nègatlvely correlated with 

GTIR ( r=-O.~J; p=0.Oûl2). 

-
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Table 8: The èffect of line, temperature Ccold room \ls.room 
,tellp), atate (fasted and fed), and sel( on plasma levels of 
glucose, lRG, 8nd IRI in , week old chicks (e)(perlment 2). 

LIME 

F"l 
Ll 

'ERp v 

CR 
RT 

STArE 

fASTED 
F"EO 

SEX 

f 
H. 

TEH" )( STATE 

CR 
CR 
RT 
RT 

fASTED 
fEO 
FASTED 
fED 

LIME X STATE 

F"L 
F"L 
LL 
LL 

FASTED 
FED 
FAS TED 
FEO 

GLUCOSE 
(mg::é) 

191+,b 
213+5 8 

<O.OOul) 

187+Jb 

216+3 8 

(0.000l)' 

1&6+3 b 
217+3 8 

(O.OOGl) 

2G2+2 8 

202:;2 8 

(0.9810) 

<1' 

18,+5 
189+4 
187+4 
245+4 

(O.GuOl) 

174+6 
208+6 
198+6 
227+6 

(O.6U67) 

IRG 
( ng/mU 

. 2.8+6.3 8 

- a 2.6+0.3 '\ 
(O. '1082) 

3.6+L.2 B 
- b 1. 8+~. 2 

(O.OOul) 

2.6+0.2 8 

- a 2. 6 "!:..u,. 2 
(0.,38}) , 

2.8+û.2 8 

2. 5+u. 2 a 
. (0.3525) 

9 

3. 1.0.3 
4.0+0.3 
2.4+0. :; 
1.1+0.3 
(0.OOG2) 

< 

3.4+CJ.4 
2.2+0.4 
2.2+0.4 
3.0+0.4 
(0.0013 ) 

- . lAI 
(ng/ml) 

b " O.26+IJ.L3 
- 8 u.43+u.U3 

(O.OOu!) 

, • b 
O.26+U.U3 

- a u.43+CJ.CJ3 
(û.(j'OG2) 

O.39+u.G3 8 
- b u.3L+G.L3 

(L.0483) 

G.31+0.04' 
G. 21+u. 04 
G. 21+1.1. û4 
0.65+0.04 

(O.GOOl) 

0.31+0.(,5 
G.44+0.05 
CJ.21+0.u5 
0.41+0.05 

(u J
• 4411 ) 

èontinued next p~ge 
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Table 8: cont'd , 

L--- Î'-\ 
-" GLUCOSE" IRC" 

(mg~) ( n9/ 1II"1) 

-
LINE X TEMP X' 5 TATE 

. . 
FL CR .FA' 1§6+7\ 3.9+6.5 
FL CR' FE 181+7 Jo 3:;0.5 
FL RT FA ~ leu.7' "'1.&:;6.5 
Ft R~234:;7' 1.1:;0.5 
LL ' CR FA 2u2+7. 2.3+u.4 

". LL CR E 197+7 4.8+0.4 
LL RT FA .. 193+& . 2.G+0.5 
LL RT FE 256+7 1.2+G.5 

(0.1248) (O. -0691 ) 

*=without PAF as a co~iate in the model.­
Mean+aem fôr 38 -40 chicka/ main e f f ect •. 
Mean~sem for 19-2G chickst2 way interaction. 
Mean±.sem ,for 9-10 chicks'/3 way interaction. 

IRI 
~ng/ml) 

- , 

u.40+u.u7 
u.18.;u.07 
u.2J.lJ.L7 
O.70.U.Û7 
u.2J.u.L6 
L.2J.G.G6 
u • 19.L • 66 
u.58+G.06 

(0.0651) 

Nu m ber 6 i n par e n th a a e sin d l C a t eth e pro b ab i 1 l ty 0 f a 9 r e a ter 
F value" • 

. a,c mesns far any trestment' nat having the sama auperacript 
are aignificantly different. ~ 
CR=cold room. 
RT=room t~mperature. 
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rable 9: The affect of line, te"43erature lcold room va.room 
temp.), sjate (fasted and fed), and sex on plasma levers of 

.... FrA's and on the circulating g1ucagon to l.nsulln malar ~tio 
(GTIR) 'in ~ week old chlcka (experiment 2). :J, 

GTIR 

LINE 

FFA~ 
(nmo1/l) 

'FL 2(, .4+2. 4 a. <, 
'- a 

IJu9+75 a 
1264+76 a 
(0.7395) 

~ 

LL 
( 

TEMP 

CR 
RT 

sTAfE 

fASTED 
FED 

SEX 

F 
H 

TEMP X STAlE 

CR FASTED 
CR FEI} 
RT FASTED 
RT FED 

v .l 1 

CINE X STAIE 
1 

fL FASTED 
fl FEO 
LL F~SJED 
LL FED 

2.4 • 9+2. 2 
(0".1'113 ) 

, a' 
31.'+2.3 
13.6+2.2 b 

(0.0001) 

22.0+2.3 8 

23.3+2#2 8 

(O. 1'(21) 

2û.9+2.2 a 
- a 24.4+2.4 

. (O.2r,6) 

2ü.4+3.5 
42.5+3.1 ~ 

, ,23.6+3.1 
4.0+3.1 

(lJ.GOûl) 

22.2+3.5 
18.6+3.2 
21 .9+3.3 
28.0+J.û 
(Os12S9) 

~ ! 

1591+'1 8 

98 1+,û b 
(û.uUûl)v 

13 (,'6+52 a '" 
1267+48 a 
(O.5"G'42) 

1325+)28 
12<47+'4 8 

(O. 3TH) 

1522+73 
1662';69 
1û9c,+n 

872+69 
(u • ûT34) 

1344+8& 
1274+94 
1267+94 
1260+'93 
(0.6763) 

H e a n + sem for 3 B - 4 0 chi c ~a 7 mai 'n e f f e ct. ~ 
Hean+aem for 19-20 chicka/2 wsy interaction. 
Nu~be r 9 'in psrenthe S8S indics t e the prob. >F. 
a, means for any treatment not hav ing the sa me superscript 
are signi ficantly di fferent. 
CR=cold room. RT=room temperature. 
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. Table lu: Partial correlation· coefficients (r) emang' plasma 
glucose, g.lucagon (IRG), insul'!n (IRU, glucagon to insulin 
mol a r. ,t a tl 0 (G TIR), f r e e fat t Y a c ~ d s (FT A;l 9), and p e r c en t • 
abdominal fat (PAF) for 5 week old FL/ll chicks raieed on a 
commercial diet and exposed ta the different temperaturea 
(e)(periment 2). . 

IRG IRI GTIR rrA PAr 

!M. h!!f , 
\1 Q 

GLUCOSE L.364 . u.411 û.165 lJ.u26 G.IGO 
(0.0519) (0.0269) (0.3925) (0',6930) (u.6u28 ) 

.. 
IRG , Û. 382 u.574 ~(j ; 1 7 l::I lJ.u13 

(0.0407) (0.0012) (0.3553') (0.70&1) 

IRI -0.211 -0 .1u 2 G.u2.7 
(0.2721) (O.598~) (ü,B8b7) 

GTIR -0.098 û.2U9 
~ (u.6144) (0.2766) 

1# ) 

rrA -u.u52 
(û.79ÛG) 

1l , '. , 

llM!~ 
~ 

GLUCOSE 0.u58 -G.364 -u.L77 lJ.143 -CJ.154 
(O. 7450) (0.,0340) ( 0 .• 6654) (0.4184 ) (u.385U) 

IRG -0 • 128 , 0.67lJ . G.I04 -CJ.216 
·(0.4710) (-O. OuOI ) ( 0.5565)' (û. 2194 ) 

IRI -0.532 -0.203 è L.u79 .<l> 
" , .... ( u • ù912 ) (û.2494} (0.6560) 

GJIR 1.J.215 -(j,. 022 
(0.2215) (G.9û31) 

FrA -0.G02 
"" ~û. ,99H) 

~ 

.'1 

• 'è . 
,The numbers in parentheaea indica.te the pl'bbability of a 

greater abaol ute value of "r". 
Correlation for 36-40 birda/line. 
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Experi •• nt 2: analyzed without the cold roo. data-

. 
The results for plasma glucose, IRG, and IRl are found-in 

table 11. 
of, 

Il 

\ . 
GLUCOSE- There \lias a 'ai:gnlf1csnt I1ne effect on plasma 

glu caB e lev e 1 s ( p = o. GJ 0 09). r L b 1.' r da ha d a la w e r pla s m 8 

glucose average (190 mg%) then LL birda (214 m9%). Plasma 

.' 
glu c a a e lev e I 9 W e r e a l a 0 a f foc t e d b Y a t a t e (p =_0 • û û 0 1). • 

/') ob 

fasted birda had lower levela (ld6 mg%) then fad birda (2lE1 

mg~) • 

GLUCAGON- o There waa a aignificant line x state interaction 
\ J, 

(p=O:0143). fL fasted O/Ü ng/m1) "birds had a sign~ficantly 

'.highe-r average thon FL fad (l.EI ng/ml) birds. In the LL, fad 

and faeted birds did nol differ significantly in plasma 

'" ,~, 

9 Il .. CG 9 0 nIe v e l s (J. 4 and 2.6 f1 g! mIr e s pee ti v e l y) • r a a te d L~L '" 

birda did nat d-l-ffer signlficantly From FL fad birds. 

'INSUCIN- There were aignificant effècts of slate (p=O.GuB6), 

• 
sex (p=O.0448), and line x sex (p=ü.Q44U). fL famales had a 

higher average plasma insulin level (G.53 ng/ml) than FL 

malea (0.29 ng/ml) and LL females <9.28 ng/ml) and LL males 
,., . 

(6.27 ng!ml). 

lhe GI IR and Fr A reau l ts are ~ound in tab 1 e 12. 

~ 
GTIR- I~terestingly, 

of line (1=Ü.0595) on GTIR. LL bird had a higher' ratio 

thera wes 81mOà\\e significent ef,feêt 
\ \ 

fi ' 

(30. 6 :1). t 'h and i d r l b i rd 8 (14. 0 : 1) • I.l • \ 

, " 
'..., .. 

ô6 

, 
, 

.. 
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FF A- rh e r e w a ~ no e f f e ct a f ~ r e atm e nt 0 n f FA lev e 1 S. 
Pl 

The withln line partlal correlatIons, w l,thout ~ co Id room 

da ta, are fou n d ln ta b l 'c 1 3. 

Fl-

G 1 u C,Q a e w a 6 9 l 9 nif Ica n t l 'i and po 8 i t ive 1 y cor rel a t e d W l t h 

0.46; p=G.u(J66) and FrA (r=-u.6u; p=G.l.JuL5). 

Glucagpn was s~gnifica,;tly and positlv~ly correlated \!Ilth 

&!.!.!i (r.= ü. 7(J; 'p:: (J. uu LI! ). 

1 n sul i n w as, sig n 1, fic an t 1 yan d ne 9 a t ive 1 y cor rel a te d W 10 th 

both GTIR (r=-O.61; p=O.OO(3) and FrA (r::-û.48; p=G.OCJ72). 

GTIR was signlflcantly and positively correlated with rFA 

(r=CI.4u; p=O.u297,). 

ll-

Glucose 

glucagon 

(r=-0.35; 

G lucagon 

If 
was significaptly and negatively correlated with 

~ 
(r=-0.53; p=O.0009J, GTIR (r=-û.60; p=G.GOOl), FrA '" -- , 

p=(J.G426), and PAr (r=-u.39; p=u.(215). 

was 8 igni ficantl y 
\ 

a,.nd negatively correlated \!Iith 

.!.l!..!~.!..!.!!. (r :: - 0 • 5 7; p:: CI • lJ 0 CI 3) and po s i t ive 1 y w i t h G TIR 
, 

(r=0.88; p=O.oool) and rrA (r=0.57; p=0.OO(4). 

'" Insulin was aignificantly and negatively correlated with 

GTIR (r=-0.76; p=O.OOOl)',and wHh rrA (['=-0.48; p=O.(033) .. 
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G TIR wa s s i "g nif i c a n t l yan d p 0 ait i \1 e l y cor rel a t e d w i t h ~ 

(r=u.58; p=O.OOOJ). 

\ 
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Table Il: The effect of 11ne, state (fa_sted and fed), and 
sex on plasma leyels of glucose, IRG, ---a-n-d IR! ln 5 week old 
c h 1 C k s (e x p e r 1 me' nt· 2 ). Col d r 0 o. da t a e xci u d e d • 

LI-NE 

FL 
LL 

S TATE 

F AS'TED. 
FED 

SEX 

F 
M 

LINE X STATE 

FL 
FL 
LL 
LL 

FASTED 
FED 
FASTED 
FED 

LINE X SEX 

FL, 
. 'FL 

LL 
LL 

F 
M 
F 
M 

GLUCOSE 
(mg% ) 

190+5 b 

,214+5 a 

(u.0009) 

186+5 b 

2la+5 a . 
(0.0001) 

202+5 a 

201+5 a 

(0.8941) 

178+8 
213+8 
194+9 
223+8 

(0.6330) 

1RG 
(ng/ml) 

2.4+0.4 8 
- a 3.0+0.4 

40.3975) 

2.8+0.3 a 
- a 2.6+u.3 

(0.5706 ) 

2.8+u.3 8 

2.6+0.3 a 

(0.7148) 

3.0+0.5 
1.8+0.5 
2.6+0.5 
3.4+0.5 
(0.'0143) 

IRI 
<.ng/ml) 

, a 
u.41+0.G6 

- a 0.28+u.G6 
( 0 • 213 3 ) 

~. 26+u .LJ4 b 
- a ü.42+u.G4 

(Cl .O(86) 

O.4(J+u.G4 a 
- b u.28+G.G4 

(;.0448 ) 

lJ. 34' u. û7 
0.47 0.07 
G.18 û.u7 
0.37 0.07 
(0.636) 

~.53+Û~(j8 
o • 29+0.06 
U.28+0.û6 

. Û. 27+0.08 
(0.0440) 

Mean+sem for 18-2G chicks/main effect. 
Mean+sem for 9-10 ChlCks/2 way interactlon. 
Nu m b ë r s .ln par en the ses l n d i c a t e the. pro b a b i)11 t Y of a gr e a ter 
F value. 
a,b means for any treatment not havrng the same superscrlpt 
are,significantly dlfferent. 
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Table 12: The effect of 1ine, state ~fasted dnd fed), and 
sex on plasma FFA leveis and on the circulating glucagon ta 
insulin molar ratio ln .5 week old ChlCks fed a commerciaL .. 
diet (experiment 2).Cofd room data exclu(jed. 

llNE 

FL 
LL 

STATE 

FAS TED 
FED 

SEX 

F 
M 

LINE X STATE 
1 

FL FAS TED 
FL FEU 
LL 0 FASTEO 
LL FED 

GTIR 

b 14.u+5.1 
- 8 30.6+4.8 

(G.û59S)' 

21~3+3.6a, 
- a 23.2+3.2 

(0.6843) 

19.1+3.48 

25.5+3.6 a 
(0.2122) 

15.7+6.1 
12.2+6.3 
26.9+6 • (J 

34.3+5.7 
(G.2662) 

~ 

FF'A 
(nmo 1/ 1) 

1227+11û 8 

1335+115 a 
(G.5847) 

1296+81 a 
1265+71 a 

(0.7757) 

130u+76 a 
1261+80 a 
(O. 7264) 

1265+129 
11B9+13b 
132~+l41 
1342+136 
(0.6827) 

Mean+sem for IB-2G chicks/main effect. \ 
Me an+sem for 9 -10 ch ie k8/2 way in terae tian. 
Numbers in parentheses indic8te the prabability of a .gretiter 
F value. 
a,b means for any treatment nct having the same superscript 
ar e sign i ficsn ti y dl f ferent • 

( 
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Table 13: Partial correlation coefficients (r) among plasma 
-91 u cos e , glu c a 9 0 n (I R G ) , i n s u li n (I R 1) , glu c a 9 0 n t' 0 in s u 1 in 
",,0 l arr a t i 0 (G TIR,), f r e e fat t Y a cid s (F f A's), and p e r c en t 
abdominal fat (PAF) for 5 week old fL/LL chicks raised on a 
commercial diet (experiment 2). Cold rooll data excl.uded. 

IRG 

FAT LINE --
GLU COS E -u. 273 

(0.1436) 

IRG 

IRI 

GTIR 

HA 

LEAN lINE 

GLU COS E -u. 534 
(0.0009) 

IRG 

IRI 

CTIR 1 

r 

rrA 

IRI 

0.72G 
(0.0001) 

GTIR rrA PAF 

-1i.485 -G.596 -0.024 
(0.0066) (0.0005) ~Û.9(15) 

-0.115 . u.693 G.3Ll u.129 
(0.5462)' (0 .. 0001) (0.1066) ,(0.4953) 

G.271 
(0.1153) 

'-0.572 
(0.0003) 

1 
--' 

-0.612 -G.481 ... 0.035 
(0.0003) (0.0072) (0.8557) 

0.397 0.199 
(G.G297) (G.2915) 

0.041 
(0.&290) 

-0.60ù -G.345 -0.387 
(0.0001) (0.0426) (O.Û215) 

0.878 G.568 0.227' 
. (0.0001) (0.0004) (G.1893) 

-0.762 -0.482 -0.2G2 
(0.0001) (0.0033) (0.2445) 

0.578 O.31l;i 
(ü. 00(3) (0.0644) 

0.291 
(ü.G896) 

The numbers in p&rentheses indicate the probability- of a 
greater absolute value of "r". 
Correlation for 17-2G birds per line. 
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EXPERIHENT .J 

The glucose, IRG, and IR! reau1 ta are shawn in tabl e 14. 

GLUCOSE-P l asma gl ucoae l e~ e ls were sigol ficantl y a ffec t~d by 

l i 0 e ( p = 0 • G 5"1 9) a,n d st a te ( p = (j • GOG l ). The r l a var age d 2 2 2 

m g'~ t 0 the L LiS a ver age 0 f 24 B m 9 ~. l 0 d a sc end i n 9 0 rd a r 0 f 

magnitude were refed birds av,eraging 266 mg%" fed birds at 

239 mg~, and fastad birds wit,tl a 200 mg9ii average plasma 
\ 

gl ucose cooceotr a tioli. 

'" , 
GLUCAGON- Plasma gluca~on levels ~ere affect&d significaotly 

only by state (p=O.û098), being highest in fasted birds (1.9 
J ' 

ng/mU followed by fed birqs (1.4 ng/ml) and refed birds 

(1.0' r1g/ml). Re f~d b irds di ffered algni ficantl'y From fasted 

birds but red birds did not diffar significantly From 

either. 

IHSULIN- Plasma insulin-levels were also significantly 
, 

affected by state (p=O.OOOl). Refed birds avaraged l.OG 

ng/ml while fed birds averaged 0.40 ng/ml and fasted birds , ~ 

averaged 0.18 ng/ml. 

The GTIR and APP reau l ta are presented in tab 1 e 15. 

GTIR- The glucagon ta insulin ratio was significantly 

aIt e rad in! e s p 0 n set 0 s t a t a .... ( p = ü • 0 0 0 l ) • F a a t e d b i r d 8 

possessed the highast average GTIR (25.4:1) significantly 

higher than the fed birds' 9.G:l which was significantly 
P . , 

higher than the refad birds' 2.1:1 ratio. 
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APP- ln S'ddition to insulin and glucagon, plasma APP 

concentrations were alao significantly affected by state~ 
... ( ),.. l ,, ___ ;F~ 

( p = G • CI (j G l ) • Re f e d , b i r d s e x h i bit e d the h i gn est lev e l s (6. 3 

ng/ml), red birds the second higheat (2.6 ng/mI), aQd fasted 
Ç> , ' 

birds the lowest (l.G ng/ml) in terms of plasma APyP.. AlI 3 
\ , 

at~tes differing significantly From one another. 

Reaul ta for th'e wi thin line par ti al çor rel at ions ar e round 

in table 16. ," 

fl 

Glucagon was aignificantly and p,Ositively correlated with 

Q1..!.!!. (r=G.87; p=O.OGOl). It was also correlat~d with PAf 

("r=O.37; p=O.(680) though non":'significantly. 
" 

APP tended to be cO'l'rel a ted ,wi th PAf (r=G.35; p::O.(846). 

ll-

Glucose ~as aignificantly' and positively correlated with 

insulin (r=O.55; p=O.009J) and negatively with APP (r=-O.48; 

p=(j.0262).~ 
" 

G lucagon was si gni ficsn tl y and nega ti v el y cor rel ate'd wi th 

insul!n (r=-O.46; p=O.0362) and PAf (r=-G.58; p=O.0057) and 

positively with ~ (r=G.BO; p=O.GOOl). 

Insulin was significantIy and negatively correlated with APP 

(r=-O.45; p=G.04(3) and positively with PAF (r=Ü.44; 

p=O.0484). 

o 
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( Q.l.!!. was significantly and negatively correlated with f!f. .' , 
(r= -0.49; p=O.CJ247). 
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---=::::=::;- Table 14: The effect of line, state (fasted (16 hr) vs. fed 
vs. f~~ted fo'r 16 hr Hien refed for 45 min), and sex on 
plasma 41eveis of glucose, IRG, and IR! in 5 week old chicks 
fed 8 commercial diet (experiment 3). ~ 0 

LINE 

FL 
LL 

STATE 

FASTED 
FEO 
REFEO 

SEX' 

F 
M 

lINE X STATE 

FL 
FL 
fL 
LL 
LL 
LL 

fASTEO 
fED 
REfEO 
fASTEO 
FEO 
REfEO 

GLUCOSE 
(mg") 

222+S b 
2413'+8 a 

(0.0;19) 

2ul+ 7 c 
239+7 b 
266:;"] a 

(0.0001) 

235+6 a 
236+6 a 

(0.9526) 

180+11 
237+10 
251':;12 
221+11 
242+1 G 
282+12 

(0.18u3) 

IRG 
(ng/ml) 

1.5+0.2 8 

1.4+'0.2 a 

(0.1526) 

1.9+0.2 S
b - a 1.4.:!:.0,Zb 

1. U+O. 2 
(0.0098) 

1.6+u.2 a 
- a 1.3+0.2 

(0.2034) 

2.3+0.3 
1:2"+ü.3 
l.G+Ü.3 
1.5+0.3 
1. 6+0.3 
1. 0+0.3 
(u.1157) 

IRI 
( ng/m1) 

0.48+0.050a 
- a 0.57+0.u6 

(0.3i09) 

O.18.:!:.1J.05~ 
0.40+G.G5 
, - S 
1. GO+u. 05 
(0.0001) 

û.49+0.G4 a 
- a G.56+G.G4 

(G.ZT61) 

1J.12+u.08 
0.42+0.07 
u.92~0.G9 
O. 2:5+0. Gfr 
(,.39+0.07 
1.07+0.09 
(0.4174) 

Mean+sem for 26-30 chicks/main effect. 
Hean+sem for 14-15 chicks/2 way interaction. 
Numbers in parentheses indicate the praba~i1ity of a greater 
F value. • 
a,b means for any treatment nat heving the seMe su~er8cript 
are significant1y different. 
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Table 15: The effect of line, state (fasted (16 hr) ,vs. fed 
vs. fasted for 16, hr then refed far 45 min), and sex on 
plasma APP levels and 'on t-he circu1ating glucagon ta insulin 
mo1ar ratio in 5 week old chicks fed 8 commercial diet 
(experiment 3). 

LINE 

f"L 
LL 

STATE 
, , 

f"ASTEO 
f"EO 
REf"EO 

SEX 

f" 
M 

LINt X STATE 

f"L fASTED 
f"L FED 
FL REFEO' 
LL FASTED 
LL FED 
LL REfED 

GTIR 

" -
12.2+2.0 a 

12.1+2.1 8 

(0.8374) 

25.4:t.2.6~ 
9.0+2.6 
2.1+2.S c 

(D.GOGI) 

13.5+2.1 8 

lu.9+2.ü 8 

(O~3703) 
\ 

29.7+3.6 
5.0+3.5 
1. 9+3.4 

21. 2+3.6 
13.0+3.9 

2.3+3.6 
(0.0919) 

APP 
( ng/mU 

3.5+0.4a 
3.1'+0.4 8 

( 0.6065) 

1. 0+0. 4c 
- b 2.6+0.4 

6.3+&.4 8 

(u.aOuI) 

3!3+ (j.)a 

3.3+0.3 8 

(0.9150 ) 

&.9+0.6 
2.8+0.5 
6.7+(,.7 
1. 0+0.6 
2.3+0.5 
6'.0+0.6 
(0.7005) 

/ 

.. 
Mean+sem for 28-30 chicks/main effect. 
Mean+8em for 14-15 chicks/2 way interaction. 
Numbers in parentheses indicate the prababi1ity of a greater 
F' value. ..t 
a,c mesns for any treatment nat hsving the same superscript 
are signi ficant1y di fferent. ' 

// 
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T ab 1 e 16: Par t i a "1 cor rel a t i o~) co e f fic i e n t s (r) a t'n 0 n g pla B m a 
glucose, glu'cagon (IRG), insulin (IR!), glucagon ta insu1in 
molar ratio (GTI.R), APP, and percent ·abdominal fat (PAF) for 
5 week old FL/LL chicks raised on B commercial diet 
.(experiment 3). . 

IRG 

,lli LINE 

GLUCOSE G.G77 
(0,7134) 

IRG 

IRI 

GTIR 

APP . 

LEAN LINE 

,GLUCOSE -0.356 
(0,1129) 

IRG 

IRI 

GTIR 

APP 

IRI 

( -0.u09 
(0.9668 ) 

-O.û9Q 
(0.6673) 

0.55.3 
(0.0093) 

-0.459 
(0.0362) 

GTIR APP PAF' 

u.161 G.103 G.298 
(0.4433) (0.6253) (0.1477) 

LJ.872 G.173 IJ.371 
(0.00"01) (G.4891) (O.068Û) 

-0.242 -0.129 li. 116' 
(0.24)1) (G.5396) (u.5824) 

.D .184 0.275 
(0.3779) (û.ld36) 

0 • .352 
(û.LJ846) 

-0.3G3 -G.471:i 8.250 
(0.1824) (0.u282) (0.2748) 

LJ.798 0.134 -O.58L 
(0.0001) (0.56J1) (u.0057) 

-0.398 -O,451 0.436 
(0.0737) (0.0403) (0.u484) 

-0.081 -0.488 
(ü.727û) (u.L247) 

-0.188 
(0.4146) 

-The numbers in parentheses lndicate the probabi11ty of a 
9 r e a ter a b a 0 1 u te v ~ 1 u e 0 f " r ",-!. 
Corre1atlon for 27-30 blrds pe~ne. 
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DISCUSSION 

These f6 generat~an FL/LL birds were seen ta have maintained 

their respective differential abdomlnal fat percentages in 

aIL 3 experlments. ~he FL birdB had 2 ta 3 times the percent 

abdominal fat found in the Lt birds" a fact which confirmed 

earlier work (50,8,9). 

Experillent 1 

Fasting hàd the well-known effect of Iawering plasma glucose 

levels in bath Iines relatlve to feedlng. It has been 

establlshed that the initlal response ta fasting lB a 

de cre as e in li ver 9 1 Y co g e n t 0 0 n e - te nt h 0 rIe s s of no r}n a 1 

fed leveis dunng the first 24-36 hours (12). As' glycogen ~s 

mobllized there is an lncrease ~n the actlvity of the 

glu con e age n l c en z y mes a t the exp e n s e a f pro tel n st are s, and 

lipld depots. There is a rate different~al, as more glucose 
v 

is being used up than can be supplled by the 'body. 

.. 
Glucose results agree wIth those of Simon and LeClercq (tj) 

and Touchburn et ~. (9). That is, lrrespective of treatment 
~ 

Fl birds had a slgnifica'1")tly lower plasma glucose average 

then the LL birds. The fact that plasma lnsulin levels did 

no t var y w i th Il ne , wou Id le a,çj one t 0 bel i e v eth a t the' F L 

chickens were more sensItive ta Insulln than the LL. That 

i8, for a glven plasma Insulin concentration, the FL waB 

able ta take up glucose (or Inhlbit glucose productlon) more 

efficiently then the LL. Regarding the 11ne x state 

913 
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i n ter a c t i o' n for i 11 8 U l i fi, l n the f e d s t a t eth e F L h à d a l a w e r 

plasma insulin level coupied with a lower glucose .l,.êvel. than' 

the LL and this would further support the FLls being more 

sensitive to plasma Insulin levels. 

, 
In this experiment fat-suppplementation, while not alt,ring 

absolute hormone or FFA levels, did s~gniticantly rai se 
\ 

plasma glucose levels aeroes aIl trealments. IRI sensitivity 

may have bee~ uecreased by fat feeding, or perhaps the 
1 • 

dIe t a r y. fat w'a sus e d d Ire c t l Y a san e n erg y sou r ce, t h' u s 

having a sparing effect o.n glucose. With (7~n added fat ln 

the dlet and less corn starch and D-glucose, the GTiH was 

found Éo be signlfieantly lower than '''l!Iithout· added fàt and 

this was surprlsing as a deereased GTIR would favour 

Increased glucose utllitatlon and a decreased clrculatlng 

gÎucose level (depending on net flux I.e. glucose uptake 

o ver production). These observatIons ap~t.rary to 

t h 0 s e fou n d l n m am mal s. P e r h a pst h l, s d i f fer e n cel n h 0' r mon e 

rat i 0 s . w a son the b 0 rd e r 0 f ph Y s ,1 0 log i cal sig nIf l e an c e a.n d 

dld not, ln thlS case, represent a true dletary dlfference. 

It has been reported that, ln mammals, lsocalorlc dlets low 

ln caroohydrate produce a ehronic elev,~lon of basal 

glucagon levels and a reductlon ln Insulin levels. Also, It 

18 clalmed that a high level of carbohydrate ln the dlet 

'" lowe~s plasma ·,glucagon levels and raises plasma Insulln 

levels (123). A slmllar sltuatlon lS observed wlth a high 

pro tel n die t. l t i ses sen t i a l for the A.- and B - cel l s t 0 b e 

99 

, , 



( 

1) • 

" able tOI respond to dietary variations in order to assure 

pro p e r en erg y mal n t,e n a n ce. l t ha saI s 0 b e e n s ho w n th a t the 
, 

absorption of long-chain triglycerldes foll.owing fat 

Inge~tion stimulates glucagan secretion via the enteric 

hormone release ln mammals. This stimulation is however 

dependent .o~.Jc 1 rc u~ t lng g l uc oae lev e l a (123). 

Altha'ugh non-signiflcantly dlfferent, there was a tendency 
. 

for plasma lRG concentrations to be hl.gher in the LL vs. ~he 

F L. Th i ste n den c y ml 9 h t l n"d i c a t e t li a t ,,t h e L L b i r d s we r e 

breaking'down adipose tlssue stores ~t a f&ster rate than 

the FL, resultlng in less net fat being deposited in the LL. , 
Plasma glucagan levels se13med ta be unaffected by dl.et or 

B t a t e (f e dol' fa ste d). Ho we ver, th l s lat ter ob sel' vat ion m ay 
h 'a v e b e end u e t 0 the f a c t t h a t 's i n 9 l e b l 0 0 d sam pIe ~ w e r e 

taken. \ Time cours'e studles might have revealed I1ne 

differences in plasma glucagon. 

The GTIR was slgnificantly higher in fasted vs. fed birds. 
~ 

-4 

This was not surpri,6ing for i,n the fasted state, the bud is, 

not dlgestl~g and assim11ating food fram the gut and lnstead 

is relyïng on stored energy reserves to satisfy l.ts energy 

,d e man d s • A h i 9 h erg l u c a 9 0 n t 0 l n sul l n rat 1 0 wou l 'Cl r e sul t 1 n 

grea te l'li po l ysi·s, 9 l ycogeno l yS1S, and 9 l uconeogene 8 18 and 

in less' glycogene81s and lipogenesls. Llpogenésis ace urs at 

a faster rate in the"FL (50). The fact that ln the fasted 

state the LL birds had a slgnl.f1cantly hlgher GTIR relative 

to the FL would further support the notion that LL birds 

HW 
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have lipolysis go~ng on ~t a faster rate and thus deposit 

les8 net fat over the long ru~. 

APP 

1.9 

levels w~_ affected by state with fed levels averagigg , 

n 9 1 mIe a m ~a r e d t 0 fa 8 t e d lev e l 8 a ver agi n gO. 9 .n g 1 m 1. 

These results are in keeping with those in the literature 

i.e. feeding elevates APP levels over fasted levels (79). 

There was a tend~ncy fqr the FL birds to respond with a. 

les8er APP release with respect to feeding over fasting (1.9 

ng/ml compared to l.2ng/ml) compared ta the LL (1.9 ng/ml 

co~pared to 0.7 n9{ml). Perhaps normal circulat1ng APP 

lev e l s w e r e h i 9 h e r \ n 't h e F L 0 ver aIl u' 5 i mon (l 9 8 4 p e r 's'. 

comm.) showed a sighificantly gr/ater APP release in the FL 

at 8 minutes following refeeding at which time plasma levels 

plateaued. As APP is thought to be ant1-lipolytic, these( 

observations" support the theory that less fat 15 being 

mobilized From fat stores (and not being 'redeposited) i.n the 

F L t hp n in t h-e L Lan d th i sin tu r n i 8 r e sul tin gin m 0 r e net 

fa~t deposition in the Ft. The~e observations w~d suggest 

th a tif A PP i s a 8 a t i.e t y fa ct 0 r (86) in the) b i ~d , a's i t: 

m i g h t b e i n con 9 e nit aIl Y a b e fi e m i c e (8°l) t h a t the F L b i r d s 

~ave a les~ resp~nsive satiety centre relative ta the LL. A~ 
~ ~ 

there is little, if any, diffe'tence in feed intake between 

the tWf line5, the satiety factor theory is no>suppotted 

'here. 

It wes a1so observed that APP concfi!ntrations were lower in 

IX 
bath statea relative ta values quoted in the literature. 

lûl 



, . 

( 

J 

This latter. obserllatlon might be ascribed ta species 

differences (Kimmel, 1984 pers. comm.). 

Fasted FFA levels were nat affected by 11ne or dl.et. 

Haweller, dlfferences in FFAls may nat h~lIe been observed 

because of the slngle time sampllng nature of thls 

experiment. Relatlve rates of change ln concentratlon cannot 

'"\ 
be èstimated far any of the parâmeters ln questlan. Had 

samples been drawn at dlfferent times, FFA dl.fferences might 

have been observed. , 

The addltl.On of fat ta the dlets resulted in a sllght 

'i n cre a sel n 'f ~e d c Çl n s u m p t l a n i n bot h lin e s (r e sul t s n 0 t J 

shawn). Presumably fat ;mproved the feedls palatablilty and 

thus increased feed intake. The birds that ·cansumed the fat 

supp1emented diet had a Jower percent abdomlnal fat content. 

Fa\: in the feed may halle lower:ed th~ rate of llpagenesls. In 
;t 

the LL, as in the FL, fe~ales praduced more abdomlnal fat 

than males. That females produce more fat than males lS weIl 

documenced. 

ahd thus 

(130,131). 

In chlckens, 

exp 1 a i n s, the 

). 

estragen, increases fat deposltlon 

r 
hl.gher fat content of females 

" , 

Partial correlations were run ta determlne~ whether any 

conslstencies ar lnconslstencies between 'the two 1lnes and 

withln" each Ilne eXlsted with respect tO, the bload 
4 

parameters measured and percent abdomlnal fat. Also lt W8S , . 
af f'nterest ta conflr'm the ~lasslcally hald Il l.ews ttJt , for 

, lO~ 
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e x am p le, i n sul in ,a n d glu c a 9 0 n are ne 9 a t ive l y > cor rel a t e d • The 

sig n i ,f i c an t cor r e ~ a t ion s wou 1 d no t ,of cou r.s e , i n d i c a t e 

cause and e ffec t. 

The pattern between the Fl and lL differed ~ewhat. For 

example, plasma glucose levels in both lines were not 

significantly c'orrelated 'with plasma glucagon and "~nly in 

t~e Ll was glucose significantly correla~ed with ins~lin 

aIt hou 9 h a "9 i mil art end en c y w a s 0 b s e r v e d l n the F l. The r e 
() 

was a trend for plasma gluèose to vary dlrectly wlth APP -in 

both lines, but the correlation wa~ significant ln the FL 

on 1 y. IV i th 0 n 1 y th 1 S i n'f 0 r mat ion a t han d , a c 1 e al' 

interpretatlon of these results ls nct posslble. 

In the ll, glucose also varied indlrectly with. PAF 

-----~ indicatlng that, withln this 11ne 4 ~he fatter the ~i~d the . 
lower the plasma glucose level. Th~a latter observation was 

in keeplng wlt~ our lnit1al hypothesis. 

Pl,aama gl~cagon varied indireotly w.Lth plasma lnsu1in in the 

Ll. This was not the case in the Fl. As these two hormones 

are known to work ln oppositlon to each other by v~rtue of 

their r.espectlve responsiveness to glucose (92,59) lt might 

b,e that a d.lsorder lQ the regjJlàtian system exists be'tween 

-the A and" ~ells in the FL. 

In bath 11nes, plasma glucagon tended'to vary indirectly , 
witti APP. T"his w,as not surprising as mast knawl'edge, ta 

date,' .lndicates that these twa hormones might wark in 

1&3 
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oppasitiari to one another at physiologieal levels (81,48,23) 

though this ls unproven. The direct rèletionshlp between 

insulin and APP wes significant in both lines perhaps 

indicating that the two wark in the same direction towards, 

for example, increased lipogenesis as sugg~sted by others 

(81,48,?3). Finally, in the FL only, was GTIR significantly 

and indirectly related ta APP, further indicating a possible 

opposing action ta glucagon~ 

In the FL glucagon levels varied directly w~th PAF. 

Therefore, in the FL, 'the fatter the bird, the higher the 
• 

pla s m agi u c a 9 a n b u't n 0 t nec e s s a r i 1 y t 'h e G T J R • T h i s 

~ation was contrary to our hypathesis that the FL birds 

would have lower plasma glueagon levels relative ,ta the LL..­

It mày nat be ruled out, though, that the fatter 'fl birds 

were less sens~tive to plasma glucagon's action. e, 

, , 

) 
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As in Exper im~n t l, pl asma gl ucose le v el s wer e lower in the 

FL (190 mg%) than the LL (214 mg%) over aIl treatments. The 

col d r 00 m t r e atm e nt ha d the e f f e c t 0 f 10 W Err in 9 pla sm a 

glucose levels as did fas.ting. This wou"ld agree with the 

observation that cold 
i 

exposure increases glu~ose turnover, 

often resulting in a decrease in plasma glucose levels 

-(124) • 

It was observed that "fed" cold room birds had plasma 
1 

glucose levels similar to fasted room temperature birds and 

cold room fasted birds. This was not surprising as these 

"fed!!' birds were fasted during their 2-3 hour cold room 

exposure. The cold room treatment d~d not lower plasma 

glucose levels any, mo.re so than regu1ar' fasting. The coïd 

temperature forced the birds to use up g.lucase ta maintain 

normal body temperatures. 

II-
Plasma glucagon levè~s were raised upon co1d exposure. This 

was expected as the bitds wau1d need to draw upon their 

adipose tissue reserves to pravide FFA's for maintenance 

and, increased plasma glucagan wou1d also provide glucose 

v i a- i t s glu con e 0 9 e n i c / 9 1 Y c 0 9 e n 0 l Y tic a c t i ans. A 1 s 0, i t i s 

" 
known that circulating glucagon ~oncentrations are elevated 

1 
in response tb stress in mammals (132) and this 'Pay have 

accentuated the response upon cold exposure. 

CÎl.l d r 0 0 m " f e d ", b i r d s h a d the hi 9 h est glu c a 9 0 nIe v e l 

105 , , 
Il 
J 
~ 

:i 



1 

L 
'P 

indicat~~g the~more immediate perturbation to their systems 
. 

for the y had not e~en adjusted to the stress of fasting at 

the time they were put in the cold room. Tlbe increased 

plasma g~ucagon might be a first phase reaction to the 

affect of stress. During stress, there is an adrenergic 

anhancement of glucagon secretion and reduétion of insul in 

release (132). In the fasted state, the cold room birds had 

a higher gl~cagon level than the room temperature faated 
\ 

birds as the latter were not as stressed. It ia believed 
\ 

that this ia the firat demonstration, "in birds, that cold 
i 

s t r e sa h a s the e f f e c t 0 fin cre a sin gl bot h pla a m agI u c a 9 0 n 

'leveis and tpe GTIR. 

, 
The l1ne x ,state interaction, with repect to glucagon, 

.... pre sen te dan in ter est i n 9 . s i tua t i on. Wh i 1 e , fa ste d F L b i r d s 
c-

had a higher glucagon levei than fed bitds as expected, the 

opposite was f.ound in the LL, that is, fed .birds had higher 

levels fa~ted birda. 
~ 

Th i a' wa a p e r h, a p a 
.(p 

due to the 

confounding effec~ of the cold r~om treatment. Cold room 

.. exptl'sure of "fed" LL bifds gave a greater IRG release th an 

in FL birds (4.8 vs. 3.3 ng/ml reapectively) while in coold 

room fasted LL birds ,the respbnae was l'ess ,than in FL birds 

(2.3 vs. 3.3 ng/ml respectivèly), again, contrary to our 

hypo~hesis • Th~~, ~eraged over aIl treatments, an apP,arent 

r.eversal CQUljappear in the LL. The stress effect may not 
~- \ 

~~ve been aa seveDe in LL fasted birds as in fed birds when 

co~d exposed as compared to the FL. 

. \ 
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Without PAf as.a covariate in the ~odel equation, insulin 

was, for the 'first time, aff~cted by line.~fl birds hsd a 

significently higher level then lL birds which would perhaps 

contribute to the greater r~te of lipogenesis in the fL. The 
a 

fa c t t" a t PAF w a s no tin the m 0 deI wou Ids u 9 9 e ,s t th a t 

differenees in abdominal fat did not account for the 1ine 

differences in insuline Previous work in other laboratories 
, 

(8,9) had 
\ 

shawn • a significant 1 ine difference 

hormone only sfter an oral challenge. Therefore, . \ 

in this 

further 
'-

0' speculation at this time would be inappropriate. This may 

~ have been only a cold room effect. 

,1 

---
The effect of state on plasma insulin levels was expected as 

was the effect of the cold room. fasting and cold 

temperatures were expected ta lower plasma insulin via 

sympathetic action '(124) as dietary glClcose levels were at a 

low. Room temperature fed birds had the highest level of 

plasma insulin as they were the only birds truly 
\ 

assimilating ingested glucose. females were seen to, have a 

" higher insulin level than males, ,contributing ta th~ 

increas~d lipogenesis and fat deposition 'in the females. 

This last observation was not ~onsistent in the o~her 2 

experiments and may thus have been only on the border of 

physiologiesl signifieanc~. 
\ \ 

1 
Cold raom expasure was expected ta raise plasma glucagon 

levels snd decrease insulin in order ta increase 

glu e ,0 n e age n e sis, g l Y c age n 0 lys i s , and l i pol ys i sin 0 rd e r t 0 
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pro v ide en erg y. The G TIR w a shi 9 he s tin col d r 0 0 m Il f e d ." 
, 

birds ehowing their increased. stress .response while fssted 

birds did not èHffer from each other. The unstressed ad 

libitum fed birds had a dramatically reduced GTIR in 

campar han. When abeo 1 ute 1 e v e 1 s 0 f each hormone are kept in 

mind, it ia thie molar ratio of glucagon o to insul in that 
4: 

best describes the events occuring. 

No line differences were evident in FFA l~vels. Fasted room 

temperature birde, because of' the lack of dietary glucose, , . 
libe~ated more FFA'e then fed room temperature birds. In 

r e s p,o n s a t 0 the col d r 0 a m t r e atm e nt, the b i r d s d r a mat i cal 1 Y 

elevated the·ir FFA levels about two-fold normal fad levels 

in an attempt ta maintain normal body temperature. The "fed" 

birda had the highest FFA concentrations due to their high 

GTIR and most probably a greater rate of l~polysis. The 

birds did not noticeably shiver in the cold room implying 

that non-shivering thermogenesis was occurring. Plasma rFA, 

which usually account for about 5% of total plasma liplds, 

are of major metabol~c impo.rtance in mammals and birds 

(133). Studies have confirmed that plasma FrA concentrations 

are low in fed animaIs (20(,-300 nmoles/U, and are raised 

(500-1500 nmoles/l) during starvation, the major source of 

plasma rrA being adipose tissue (133 J. 

The.cold room, and the metab-olic changes it induced, 

prov ided few signi ficant corre 1 aUons ta diseuse. In the rL, 

gl~cose varied directly with plasma glucagon and plasma 

108 
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insu1in. fnsulin levels do risè with a rise in plasma 
'{;l, 

glucose (124,17) but the response of glucagon most likely 

was due to the effect of cold. 

f In the LL, plasma glucose varied indirectly with circulatihg 

i n sul i n lev e 1 S • T t1 e r e a son for t ,h i s rel a t ion shi pis 

uncertain and was probatiiy due to the côld temperature.' It 

may have been caused by an indirect inhibition of insulin 

release by sympathetic ~ctivation of the B cell by alpha-

adrenergic receptors (124). 
'. 

When the data were analyzed without the cold room data the 

correl ations were more easily interpreted. 

Experl.ent 2 without the co Id roo. data 

As in Exper iment l, p'l asma gl uc ose lev e 19 were s i,gni fic antl y 

lower in the, FL than in the LL. Average glucose levels were 
o 

20~40~ lower in this experiment versus Experiment 1. This -difference may be accounted for by the change in diet Le. 

from a semi-purified diet in Experiment l ta a commercial 

diet in Experiment 2. Fasted birds displayed the classically 

lower plasma glucose levels relative to fed birds. 

There was no significant difference between lines in terms 

of plasma glucagon in this experiment yet the tendency was 

for the LL to have a higher average level than the Ft. FL 

birds displayed a significantly greater difference between 

fed and fasted 'glucagan levels than did the LL. The LL 

" displayed higher fed levels'of plasma glucagan as per our 
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· hypothesis. As the se chickens were rarely ~n the fasted 

state, by vir~,ue of their crop and thus a constant meterlng 

of nutrients, perhaps this increased plasma glucagon could 

... 
have led to increased l~polysls and decreased lipogenesls in' 

the LL. 

In terms of plasma insulin, fasting reduced lnsulln levels 
It. 

and while there was no line effect (therefore the 11ne 

e1Jfect above was probably due ta the cald) there were 

significant sèx and line x sex effects. Females exhlblted a 

higher average compared ta males. FL females averaged 

significantly higher insulin levels than FL males and also 

'" LL females and males. ThIS increased ,,lnsulln, couplea wlth 
/ 

high'er estrogen levels 030,131), may have, been a factor in 

the increased PAF of the FL females • 

... 
It was observed that, overall, plasma IRG levels were 

slightly hlgher and IRI levels slightly lower ln Experlment 

2- versus Experlment 1. Dlfferences ln the type of diet most 

prabably explaln these dlfferences (123). 

The GTIR was signIflcantly higher ln the LL relati~e to the 

FL (If p=ü.G595 18 accepted as significant). As explained ln 

Exp e r 1 men t l 't h i s d 1, f fer e n c e ln l 9 h t l e ad t 0 an 0 ver aIl 

" tendency towards exceSSIve fat deposition ln the FL. As FFA 

levels dld not vary between lines as mlght, have been 

expected with su ch a dl Fferent GTIR, "'It may have been that 

the r a t~ f 1 u x h Id wh a t wa S r e a l l Y ha p pen l n 9 and t 1 mec 0 urs e 
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etudies would have shawn this. 

The patterns of correlations were similar between lines. 

Glucose V~d ~ndirectl y with glu.cagon in bath lines as 

eXlpected but the relationship was significant only in the 
. ' 

LL. In addJ.tion, while glucose and. inslllin vaded ,dnectly 

in both l~nes, the relationship was signlficant only in the 

fL-; In both line5, however, the GTIR wa5 strongly and 

indirectly associated with plasma glucose levels. As the 

GTIR is the major factor regulating circulating glucose ~ 

levels (77) this result was not surprising. 

Plasma glucose also varied slgnif~cantly and lndlrectly with 

plasma ffA's in b~th lines. The latter,> ln turn, varied 

d ire c t l Y w i t h G TIR i n bot h 1 i n es, fur t"h ers u p p 0 r tin g the 

lipolytic action of glucagon and/or the anti-lipolytic 

action of insulin. 

). 

Whlle FFA's tended to vary directly w~th glucagon in both 
r;> 

line8, this relationship was significant-only in the LL. In 

bath lines, .ffA's varied indirectly and significantly with 

plasma insulin and this would support the anti-lipolytic 

action of insulin (14). 

Insulin and glucagon were negatively correlated in the LL 

but no tin thé' r Las in Exp e r f me (1 t 1. Th us i t wou l d a p p e a r 

that the regulation between insulin and glucagon is normal 

only in the Llo .. 
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Again it was noted t'net a significant relationship e)('isted 

between glucose and PAF in the II and that this relationship 

was negative. The greater the plasma glucose in the II the 

lower the PAF. This would appear ta agree with our 

hypothesis of leaner birds having a greater plasQla glucose 

lev el. The fset that sueh ~as not the case in the Fl wou Id 

suggeat that selection, within this line, altered the 

glucose to PAF relationship in a different way. 

\ 

\ 
\ 

\ 
\ 
\ , 
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Exper i:.ent J 

As in previ~uB experiments (8,9), eplasm~ glucose was lower 

in the fL relative to the LL. Differences in plasma glucose 

were, also observed with state, being highest in refed birds 

fol l ~'w e d b Y f e d the n fa s t e\d b i rd 9. T hi 8 wa s no t sur p ris i n 9 

as lt is weIl eat.ablished that, immediately following 

ingestion of a meal, plasma glucose levels rise as a result , 
of the absorption of incoming nutrients. The plasma level 

then decreases as insulin facilitates the uptake of dietary 

glucose by the liver and other cells. A 16 hr fast résulta 

in a drop in glucose levela and the body then relies more on 

non-dl.etary glucose 1.e. glucose manufactured or released by 

the body ta satisfy ita glucose requirernents. 

L.. 
Plasma glucagon levels varied with atate in this trial. 

Levels were highest in fasted birds followed by fed then 

refed birds. The di fferences, howev er, reached signi ficant 

levels only between the fasted and refed birds. Again, this 

was xpeéted as in rered birds there was the least need for 

neoge,nesia, gl ycogenol yais, and lipal ysis whereas, in 

faste birds, the ne.ed for aIl three was greatest. Ther fore, 

in the fasted state, a greater circu1ating \luCagon level 

was expected and abserved. 

In this experiment, as in the previou,S two, pla-sma insulin 

levels varied aignificantly with state. Ineulin levels 

varied directly with "glucose lev.e18. A higher glucose 
1 

co n'C e nt rat ion in r e s p 0 n Be t 0 r e f e e di n 9 t r' i 9 g e r e d a 
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correspondingi y higher plasma insulin concentration. As 

mentioned previously, during alimentation, the raIe of the 

islets ls to prevent excessive increases in the plasma 

levels of the ingested nutrients, and, in partlcular, 

glucose (16). r-j 

The GT IR responded ta the variaus stat~s imposed as 

expected. That is, festing elicited the highest GTIR 

followed by feeding then refeeding. Refeeding resulted in 

the lowest GTIR as insulin release was highly stimulated and 

'glucagon release inhibited by the high dietary plasma 

glucose' levels. 

Recent observations have shown that a meai causes much 

larger rises in APP in young versus aIder (and presumably 

fatter) hens but not in mal~s (Kimmel, 1984 pers. comm.).' It 

was thus of greater inter est ta see whether APP differences 

existed between 'FL and LL chickens.W.hen chic kens were faste.d 

for l 6 h a urs the n a"l l 0 we d t a f e e d for 4 5 min u tes the rel e a s e 

of APP was highly stimulated - even over normal fed levels 

(Kimmel, pers. comm.). This Was corroborated by the ---Experiment 3 results. Refed birds averaged an APP 

concentration of 6.3 ng/ml while fed bJ,rds averaged 2.6 

n 9 / m l and fa ste d b i r d s a ver age d 1- • G n 9 / IJI I. A gai n, a s 

mentioned in Experiment l, the Iower APP concentrations 

found in the FL/LL chickens relative ta the literature 

values might have been due ta species differences. 

Unfortunately, no line differences in APP were apparent. 
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In the Fl, the correlatlons that were establishecr in the 

previous' two experiments were not ev~dent. It was noted 

though that APP tended ta be correlated to PAF which would 

agree with prevlous observatIons. 

In the Ll, glucose varied d~rectly with ~nsulln and 

indirectly wlth AfP. The f~rst observation showed that, 

under normal c~rcumstances, as ~n Experlement l, IRI 'varIes 

d ire c t l Y w ~ t h g ,1 U cos e • The latter observation was 

inconsistent w~th respect to Exper~ment l where APP d~d not 

vary slgnIf{cantly with glucose. 

LL plasma glucagoh again varied Inversely wlth Insulin wh~le 
in the FL th~s was the case. ThIS observat~on has 

cons~stently been made, save for the cold room analysis,. ln 

aIL) trIals and perhaps represents a true Impairment of the 
c 

, . 
regulator~ reiationshlp between the A and B cells ~n the FL. 

Insulln, in the LL, varied indirectly wlth APP and directly 

W l t h PAF. The f 9 r mer a b s e r vat ~ 0 n w a SIn con s l ste n t w.i t h 

Experiment l results where Insulin varied directly with APP. 

APP mlght be qUlte sensItIve to dietary changes or the 

overall average might have been Influenced by the different 

feeding states Imposed between the 2 experiments. The 

observatIon that Insulin varled dlrectIy with PAF was 

con s l ste n t w l t h the w 0 r k 0 f o. the r s (8, 9) l n t h a t h l 9 h e r 
, 

plasma insulin levels cauld account for Increased adiposlty. 
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rour and five week old genetlcàlly fat (FL) and Iean (LL) 

a 

line ChIC kens were st~dled ta further examIne the role of 

the endocr~ne pancreas on Intermedla~ry metaballsm in 

rel a t ion t 0 ad l pas ~ t Y ,1 Il b Ir d s • 1 t wa s" k n 0 w n th a t the F L h a d 

a lower plasma glucose lével than.the LL' and that Its 

adiposity was due, ln part, t'a a glucase-~nsulLn 1mbalance. 

In this research It was undertaken ta a1so determlne whether 

line differences ln glucagon (IRG) and aVlan pancreatlc 

pat y pep b d e ( A PP), li nad d l tl "a n t ~ l n sul ~ n (1 RI), cau l d h e 1 p 

account for the dlfferentlal fatne~s. 

,. 
I n v ~ v 0 exp e r i men t s , t h a t we r e k l'ta w n t a aIt e r met a b a Il sm ~ n 

9 en e'r al, w e r e des l 9 n e d t 0 't r y an d br ln 9 au tan y 11 n e 

dlfferences in harmonel levels. Treatments 1ncluded 

different states Ued, fasted 16 hI', and fasted then re­
~ 

fed), amblent temperatures (SOC and 22°C) and dlets. 

Fasting reduced glycemla and, wh11e IRI levels decreased, 

IRG increases were inconSlstent. A r1se ~n the glucagon ta 

insu11n molar rat10 (GTIR) suggested a converS1an ta 
':J 

a 

catabo1ic state. APP levels were hlghest in re-fed birds (6 

Urnes fasted levels) versus fed (2-3 tlmes fasted levels). 

Though hypathesized ta be lipogenic, IR! and APP leve1s wer7 ' 

nat elevated ln the FL over the LL. 

. , 

1 n r es pan set a col d, 9 l Y ce m 1 a d r o'p p e d b Y 40 m g;~ and F FA' s 

ras e and w e r e a s sac lat e d w i t h a ris e '1 n 1 R Gan d a d e cre a s e 
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in IRI in both lines as a catabolic state induced ~he 

mobilization of stored en,ergy" Again, no line differences 

were evident. \ 

Dietary fat supplemeontation increased plasma .glucose levels 

with no change in plasma IRI, IRG, or FFA suggesting that 

the Increased fat lngestion might spare glucose supplIes., 

Th. ract Hat plasma glucases war. ~if1;antlY lawer in 

the' F L v e'r sus L L b i r d s wh en pla s mal RI, 1 R Gan d F FA' s we r e 

the same would suggest' in the FL elther 1) an Increased 

sensitlvity ta IRI resulting ln a) increased synthe sis oi: 

fat f rom, 9 l'u cas e ; b r i n cre a s e d d e pas 1. t ion 0 f fat f rom 

c i :& cul a tin 9 t r l 9 l Y c e r ide ~o r c) de cre as e d l i pol y s 1. s a f s ta r e d 

fat or 2) a decreased sensitivity ta IRG resùlting 1.n 

decreased lipalysia of stored fat;:. There could ,also be a 

de'fect with respect ta down regulation w1.th ve,spect to IRI. 

WJlile 'absol~te plasma IRG or IRI concentrations often 

provided insight as to what was occuring metabol1Ca1Iy, 1.n 

cas e s wh e r e e i the r 0 r bot h h 0 r mon e lev e"1 9 d l d no t cha n 9 e 
'1 

signif~ca~t1y, it was that helped provlde an' 

explanation. In one case in partlcular, the LL had a 

signifiçantl y greater GT IR than the FL. An increased GT IR 

to be associated with in'creased 

gluconeogenesis, ar;j glycogenolysis and decreased 

lipogenesis in the liver, and increased lipolysis in the 

adipose resulting in the net liberation of fat stores and 

thus a leaner bird. 
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It was also observed that IRI and IRG were not negat~vely 

cor rel a te d in t he F l as no r mal met ab 0 lis m wou Id u s'u a Il y 

die ta te. 1 n the F l the r e for e', a n ab' no r mal rel a t ion shi P 

between these two hormones was suggest:ed • 

.:rhis research revea1ed no 1ine differences ,in the 

ci,rc,u.la'ting levels of these three pancreatie hormones. 

Future stud.les involving: 1) oral challeRges 2) exogen'O~r 

hormone challenges and ,3) in vitro ~mone action might - --- , 

revesl line differences. 

. ' 
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