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CHAPTER I 

INTRODUCTION 

Progress ~n the eff~c~ency of l~vestock growth and 

product~on has evolved through ~mprovements ~n herd health, 

management, genet~cs, reproduct~on and nutr~t~on More 

recently, the potent~al for ~ncreas~ng product~ve eff~c~ency 

through the man~pulat~on of the endocr~ne system has been 

recogn~zed. If th~s potent~al ~s to be real~ zed, ~ t ~s 

necessary to determ~ne the extent and ~f poss~ble, the 

mechan~sms whereby our current product~on pract~ces ~mpact 

the endocr~ne system ~n order to produce s~gn~f~cant 

advances ~n growth and feed eff~c~ency. The current 

developments ~n b~otechnology offer the prom~se of more 

rap~d ~mprovements ~n growth and feed eff~c~ency More 

thorough understand~ng of endocr~ne control as ~t relates to 

current product~on pract~ces, such as select~on for growth 

rate, ~s a prerequ~s~te to the appl~cat~on of th~s 

technology ~n the sw~ne ~ndustry. 

The follow~ng study was undertaken to more prec~sely 

exam~ne how select~on pressure a~med at ~ncreased growth 

rate was related to the level and pattern of two growth­

related hormones and a metabol~c nutr~ent. Temporal and 

challenged secretory prof~les of growth hormone, ~nsul~n and 

1 
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glucose 1.n two l1.nes of young g1.l ts selected for rap1.d 

versus slow growth were evaluated to more clearly def1.ne the 

1.nfluence of select1.on pressure on the endocr1.ne system of 

the p1.g relat1.ve to a selected performance parameter. 



CHAPTER II 

REVIEW OF LITERATURE 

Insull.n 

H1.story 

The f1.rst ev1.dence of a pancreat1.c 1.slet organ appeared 

1.n evolut1.on as early as the cyclostomes (hagf1.sh, lamprey) 

Present day 1.nvertebrates produce an 1.nsul1.n l1.ke pept1.de 

(Faukmer, Edm1.n, Havu, Lundgren, Narques, Ostberg, Ste1.ner & 

Thomas, 1973) The 1.n1.t1.al extract1.on of the 1.nsul1.n 

polypept1.de and 1.ts therapeut1.c use 1.n allev1.at1.ng d1.abetes 

1.n dogs 1.s cred1. ted to Bant1.ng and Best (Bant1.ng, Best, 

Coll1.p, Campbell & Fletcher, 1922), although pr1.or to that 

t1.me several other 1.nvest1.gators had extracted what was 

descr1.bed as an act1.ve pancreat1.c polypept1.de 

exh1.b1. ted a hypoglycem1.c act1.on. S1.nce the t1.me 

wh1.ch 

of the 

d1.scovery of 1.nsul1.n and 1.ts use to allev1.ate d1.abetes 

mell1.tus, a normally fatal metabol1.c d1.sorder, the complex 

role of 1.nsul1.n 1.n prote1.n and fat metabol1.sm has rece1.ved 

much attent1.on. Technolog1.c developments have allowed the 

extract1.on and preparat1.on of 1.nsul1.n 1.n a crystall1.ne form 

(Abel, 1926), the eluc1.dat1.on of the am1.no ac1.d sequence 

(Sanger, 1960) and f1.nally the synthes1.s of the molecule 

3 
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(Me1enhofer, Schnabel, Br1nkoff, Zabel, Sralen, 

Klostermeyer, Brandenburg, Okuda & Zahn, 1963, Katsoyann1s, 

Tometsko & Fukata, 1963) and has led to 1ncreased progress 

1n the eluc1dat1on of the role of 1nsul1n and 1ts 

1nteract1on w1th other metabol1c hormones. 

Chem1stry 

The gene for prepro1nsul1n wh1ch 1s 1n the 1s1et cell 

nucleus 1s transcr1bed 1nto a spec1f1c mRNA (Lomed1co, 

Rosenthal, Efstrat1ad1s, G1lbert, Kolodner & T1zard, 1979). 

Th1s mRNA 1s translated 1nto prepro1nsul1n (Chan & Ste1ner, 

1977) wh1ch 1s cleaved 1nto pro1nsul1n and ult1mately to 

1nsul1n. In1t1al process1ng results 1n the removal of a 

hydrophob1c 23 am1no ac1d pre-segment that serves as a 

s1gnal sequence for the transfer of the polypept1de cha1n 

through the m1crosomal membranes of the rough endoplasm1c 

ret1culum (Blobel and Dobberste1n, 1975). Pro1nsul1n 1s 

generated by the proteolyt1c removal of the s1gnal pept1de. 

Pro1nsul1n conta1ns two polypept1de reg1ons, that ult1mately 

become 1nsul1n alpha and beta cha1ns, connected by an 

1ntermed1ate connect1ng or c-pept1de, by way of bas1c 

d1pept1des (Chan, K1em & Ste1ner, 1976) The c-pept1de 1s 

var1able 1n length between an1mal spec1es Intercha1n 

d1sulf1de br1dges between the beta cha1n components of 

pro1nsul1n create a loop 1n the molecule (Busse & Carpenter, 

1976). Dur1ng the last stage of product1on of the act1ve 

pept1de, proteolyt1c enzymes 1n the Golg1 apparatus cleave 
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the molecule at the bas1c am1no ac1ds between the c-pept1de 

and the alpha and beta cha1ns, result1ng 1n both act1ve 

1nsul1n and the c-pept1de as secretory products. Act1ve 

1nsul1n 1s a pept1de hormone w1th a molecular we1ght of 

approx1mately 60 kd cons1st1ng of an alpha cha1n of 21 am1no 

ac1ds and a beta cha1n of 30 res1dues. After 1ts convers1on 

from the prohormone, 1nsul1n 1s concentrated and stored w1th 

c-pept1de 1n secretory ves1cles. From x-ray 

crystallograph1c study (Hodgk1n & Mercola, 1972; P1tts, 

Wood, Horuk, Bedarkar & Blundell, 1980) the three 

d1mens1onal, electron dense, granular structure of stored 

1nsul1n has been establ1shed. Normally, 1nsul1n ex1sts as a 

++ two Zn hexamer. Although a four Zn++ molecule has been 

reported to be formed under h1gh chlor1de 10n concentrat1ons 

( 1. 2 M) , th1s form probably does not ex1st 1n v1vo 

(Bentley, Dodson, Dodson, Hodgk1n & Mercola, 1978). The 

1nsul1n concentrat1on 1n mature granules 1s approx1mately 

27 mg/ul, favor1ng a crystall1ne format1on of the hormone 

It has been postulated that the ol1gomer1c forms and the 

1nclus1on of the metal 1ons Zn++ and Ca++ may ass1st the 

granular format1on (Adams, Blundell, Dodson, Dodson, 

V1Jayun, Baker & Hard1ng, 1969; Blundell, Cutf1eld, 

Cutf1eld, Dodson, Dodson, Hodgk1n & Mercola, 1972). It 1s 

thought that the granular format1on of 1nsul1n may prov1de a 

method whereby the hormone can be more eff1c1ently 

concentrated, thereby prov1d1ng thermodynam1c stab1l1ty and 

greater res1stance to proteolyt1c cleavage (P1 tts et al, 
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1980) 0 

++ ++ The Ca and Zn may also aJ.d J.n reducJ.ng the 

hormone's solubJ.lJ.ty at physJ.ologJ.cal pH. WJ. thout these 

elements a pH of approxJ.mately 6.3 J.S necessary for 

crystallJ.zatJ.on to occur (PJ.tts et al., 1980). 

The composJ.tJ.on of the J.nsulJ.n molecule varJ.es between 

specJ.es. PorcJ.ne J.nsulJ.n J.S the most SJ.mJ.lar to human and 

dJ.ffers only at the alanJ.ne resJ.due at the carboxy-termJ.nus 

of the beta chaJ.n (SteJ.ner, Kemmler, Clark, Oyer & 

RubensteJ.n, 1972). The specJ.fJ.c bJ.ologJ.cal actJ.VJ.ty of 

mammalJ.an J.nsulJ.n also varJ.es, rangJ.ng from 22 to 27 U/mg 

ProJ.nsulJ.n has a low bJ.ologJ.cal actJ.VJ.ty whereas the 

unassocJ.ated alpha and beta chaJ.ns are essentJ.ally 

J.nactJ.ve. 

PancreatJ.c SecretJ.on 

The J.slet of Langerhans has been descrJ.bed by OrcJ. 

(1977) as a multJ.hormonal mJ.cro-organ. The endocrJ.ne tJ.ssue 

of the pancreas consJ.sts of varJ.ous cell types whJ.ch dJ.splay 

tJ.ght JUnctJ.ons wJ.th homologous and heterologous cells 

(FrJ.end & GJ.lula, 1972; Andrew, MacVJ.coar, Dudek & Halton, 

1981). The mammalJ.am pancreatJ.c J.slet contaJ.ns recognJ.zable 

cell types whJ.ch have been J.dentJ.fJ.ed and localJ.zed wJ.thJ.n 

the J.slet through the use of J.ndJ.rect J.mmunofluorescence 

technJ.ques specJ.fJ.c for J.nsulJ.n, glucagon and somatostatJ.n 

(DuboJ.s, 1975; OrcJ., Bactens, Rufener, Amherdt, Ravazolla, 

Stedner, MalaJ.sse-Lagae & Under, 1976; Bactens, MalaJ.sse-

Lagae, Perrelet & OrcJ., 1979) InsulJ.n synthesJ.s occurs J.n 
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the beta-cell (Orc1., 1976, Orc1. et al., 1976), glucagon 

product1.on and synthes1.s 1.n the alpha cells, and 

somatostat1.n 1.n D cells. The latter two cell types are 1.n 

close prox1.m1.ty to each other and are found 1.n the per1.phery 

of the 1.slet, wh1.le 1.nsul1.n synthes1.z1.ng beta-cells are 

concentrated w1.th1.n the center of the 1.slet and are 1.n 

contact ma1.nly w1.th other beta-cells. 

Due to the close anatom1.cal relat1.onsh1.p of these cells 

w1. th1.n the pancreas, 1. t 1.s not supr1.s1.ng that they are 

1.nvolved w1.th each other to prov1.de hormonal regulat1.on. 

Unger & Orc1. (1973) and Samols, Morr1. & Marks (1965) have 

suggested that a spec1.al1.zed commun1.cat1.on ex1.sts between 

the 1.slet cell types v1.a paracr1.ne secret1.on, and/or t1.ght 

JUncti.ons. In support of the latter, Unger & Orc1. (1981) 

observed the presence of t1.ght Junctl.ons between 1.slet 

cells. The secret1.on of glucagon by alpha cells was found 

to be 1.nh1.b1.ted by 1.nsul1.n secreted by the beta-cell 

populat1.on. In add1. t1.on, 1.solated beta-cells were less 

respons1.ve to glucose, suggest1.ng that glucagon st1.mulates 

1.nsul1.n release wh1.le 1.nsul1.n 1.nh1.b1.ts the secret1.on of 

glucagon. Recent stud1.es exam1.n1.ng th1.s 1.nteract1.on have 

1.dent1.f1.ed the presence of glucagon receptors on pancreat1.c 

beta-cells, wh1.ch prov1.des a molecular bas1.s for the 

regulatory role of th1.s hormone 1.n 1.nsul1.n synthes1.s and/or 

secret1.on (Van Schran1.end1.zk, For1.ers, Hooghe-Peters, 

Rog1.ers, DeMeyts, Sodvyez & P1.peleers, 1985). Somatostat1.n 

from the D-cell populat1.on 1.nh1.b1.ts both 1.nsul1.n and 
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glucagon, whereas glucagon st1mulates the synthes1s and 

secret1on of somatostat1n (Koerker, Ruch, Ch1deckel, Palmer, 

Goodner, Esn1ck & Gale, 1974: Ar1mura & F1shback, 1981) 

The effect of 1nsul1n on somatostat1n synthes1s and 

secret1on 1s unclear (Larner, 1982). 

P1peleers, In'T Veld, Maes & Van de W1nkel (1982) 

hypothes1zed that glucose homeostas1s 1s dependent on the 

number and 1ntegr1ty of beta cells and also w1th the nature 

of the1r 1nterconnect1ons w1th alpha and D-cells. Th1s work 

has prov1ded the bas1s for the concept that the m1croanatomy 

of the 1slet creates the anatom1cal bas1s for the funct1onal 

cooperat1v1ty between 1slet cells 1n the control of 1nsul1n 

secret1on. Cons1stent w1th th1s 1dea 1s the observat1on of 

aberrat1ons 1n the pattern of 1slet cell d1str1but1on wh1ch 

has been assoc1ated w1th cases of d1abetes mell1tus. 

Mala1sse, Sener, Herchnelz & Hutton (1979) have 

suggested that the rate of 1nsul1n release from 1ntact 

1solated cells 1s pr1mar1ly determ1ned by the fuel capac1ty 

of the st1mulus. However, recent 1n v1vo work of P1peleers, 

Schurt, In'T Veld, Maes, Hooghe-Peters, Van de Winkel & 

Gepts (1985) has suggested that 1nsul1n releas1ng ab1l1ty of 

glucose and am1no ac1ds 1s dependent upon cytoplasm1c cycl1c 

3'-5', adenos1ne monophosphate (cAMP) levels, 1n add1t1on to 

the fuel capac1 ty of the st1mulus. W1 th a deplet1on of 

1ntracellular cAMP concentrat1ons, only a fract1on of 

1nsul1n stored 1n a cell can be released by glucose or am1no 

ac1ds. From these f1nd1ngs 1 t appears that the normal 
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endocr1ne pancreas has the capac1ty to effect1vely mob1l1ze 

1nsul1n only 1f the beta-cell conta1ns adequate cAMP levels 

Glucagon appears to be respons1ble for ma1nta1n1ng beta-cell 

cAMP at suff1c1ently h1gh levels to allow glucose and am1no 

ac1ds to exert the1r 1nsul1n releas1ng act1on. Somatostat1n 

exerts an 1nh1b1tory effect by reduc1ng 1ntracellular cAMP 

w1th1n beta cells. Insul1n release, therefore, appears to 

be controlled by hormones through two d1fferent cellular 

mechan1sms wh1ch have the potent1al of operat1ng 

to ampl1fy an extracellular st1mulatory effect. 

of 1nteract1on has been termed by Rasmussen 

synarcht1c regulat1on of cell funct1on. 

Th1s type 

(1981) as 

In 1solated 1slets, glucagon regulates the cAMP 

product1on of beta cells w1th somatostat1n and ep1nephr1ne 

exert1ng a suppress1ve effect v1a 1ndependent receptors that 

1nfluence cAMP product1on. The level of 1nsul1n 1n the 

blood 1s r1gorously controlled and 1n a normal state, to a 

great extent, reflects the energy status of the an1mal. All 

1nputs of a fuel nature, 1nclud1ng am1no ac1ds, glucose and 

fatty ac1ds w1ll st1mulate the release of 1nsul1n, although 

glucose 1s probably the most potent secretagogue (Larner, 

1981) Oral glucose adm1n1strat1on, compared to an 

1ntravenous route, 1s a more potent st1mulator of 1nsul1n 

release (MacEntyre, Holdsworth & Turner, 1964). Th1s 

observat1on suggests that gastro1ntest1nal factors may play 

a role 1n 1nsul1n synthes1s and release from the pancreas 

Peno1d, M1ntz, Muller & Cah1ll (1978) 1nvest1gated th1s 
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poss1b1l1ty and found that several gastro1ntest1nal hormones 

such as CCK-PZ, gastr1n and gut glucagon would st1mulate 

1nsul1n release. Brown & Otte (1978) also found gastr1c 

1nh1b1tory pept1de (GIP), a structural homolog to glucagon 

and secret1n, to be a potent st1mulator of the beta-cell. 

Therefore, the upper gastro1ntest1nal tract may form an 

endocr1ne enteropancreat1c ax1s, wh1ch serves to control the 

ut1l1zat1on of nutr1ents released by the d1gest1ve process 

(Bloom & Grossman, 1978; Hedeskov, 1980). 

Both ep1nephr1ne and norep1nephr1ne 1nh1b1t 1nsul1n 

secret1on v1a alpha-adrenerg1c receptors, whereas beta-2-

adrenerglc receptors st1mulate 1ts secret1on. Sm1th, Pork & 

Robertson (1979) noted that var1ous external st1mul1 

1nteract w1th alpha-adrenerg1c receptors to 1nh1b1t 1nsul1n 

release. These st1mul1 1nclude exerc1se, hypox1a, surgery, 

hypotherm1a and severe burns. Vagal st1mulat1on and a 

var1ety of chol1nerg1c agents have been observed to 1ncrease 

1nsul1n secret1on. The 1nterplay of both adrenerg1c and 

chol1nerg1c receptor types controls ton1c and phas1c 

secret1on of 1nsul1n. 

Through the use of l1ght m1croscop1c autorad1ography, 

van Houten, Posner, Kopr1wa & Brawer (1979) have local1zed 

1nsul1n b1nd1ng s1tes 1n rat bra1n t1ssue. These s1tes were 

located 1n the c1rcumventr1cular organs, med1al basal 

hypothalamus, paravagal reg1on and areas assoc1ated w1th 

glucose mon1tor1ng, sat1ety and gastro1ntest1nal regulat1on 

Th1s study suggested that 1nsul1n b1nd1ng 1n these areas may 



11 

1nfluence the release of hypophys1otrop1c substances as well 

as feed 1ntake. Us1ng a rabb1t model, Ish1kawa (1981) 

demonstrated hypothalam1c regulat1on of both parasympathet1c 

and sympathet1c 1nput of the pancreat1c 1slet cell as 

1nd1cated by electr1cal st1mulat1on of the ventromed1al 

hypothalamus produc1ng a decrease 1n 1nsul1n secret1on. 

Wollhe1m & Sharp (1981) descr1bed the k1net1cs of 

glucose 1nduced 1nsul1n release from the beta-cell, 1n v1vo 

and 1n v1tro follow1ng 1slet st1mulat1on, and found that 

1nsul1n peaks sharply and decl1nes w1th1n several m1nutes, 

afterwh1ch a second peak of longer durat1on usually occurs 

at approx1mately 1 h post st1mulus (Cerase & Luft, 1967, 

Curry, Bennett & Grodsky, 1968). Th1s b1phas1c response 1s 

proposed to reflect the presence of two 1ntracellular pools 

of 1nsul1n wh1ch exh1b1t d1fferences 1n st1mulatory 

sens1t1v1ty, level of pr1m1ng, and/or prox1m1ty to the 

plasma membrane (Lacy, Howell, Yound & F1nk, 1968, Grodsky, 

1972; Mala1sse, Van Obberghan, Dav1s, Somers & Ravazzola, 

197 4) More recent work has shown the 1n1 t1al 1nsul1n 

release to be assoc1ated w1th the release of stored 

1ntracellular Ca++ and decreased Ca++ efflux. The secondary 

release occurs w1 th the 1nflux of extracelluar Ca ++ and a 

d 1 f t 11 1 Stored Ca++. secon ary re ease o 1n race u ar, Colca 

(1983) has suggested that the secondary release 1s related 

++ to an 1ncreased act1v1ty or concentrat1on of calmodul1n-Ca 

dependent, sens1t1ve prote1n k1nase and(or) changes 1n the 

cytoarch1tecture 
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Target Cell Interact1on 

Insul1n Receptor. Czech (1981) has descr1bed a nat1ve 

receptor that ex1sts 1n a var1ety of target t1ssues for 

1nsul1n wh1ch 1S a large, complex 

cons1st1ng of two alpha subun1ts rang1ng 1n s1ze between 250 

and 350 kd, and two 90 kd beta subun1ts. The beta subun1t 

of the receptor 1s sens1t1ve to proteolys1s wh1ch results 1n 

the format1on of a beta1 subspec1es of 45 to 50 kd (Jacobs, 

Hazum & Cuatrecasas, 1980). Two 1mportant structural 

features of the 1nsul1n receptor have been noted. F1rst, 

the general structure of the receptor prote1n 1s very 

s1m1lar to that of the 1mmunoglobul1ns, 1n that two large 

and two relat1vely smaller subun1ts are J01ned by d1sulf1de 

l1nkages (Czech, 1981). A second 1nterest1ng feature 1s the 

d1valency of the receptor for b1nd1ng to 1nsul1n. Prev1ous 

125-exper1ments have shown that receptor bound to I-1nsul1n 

could be prec1p1tated w1th ant1bod1es aga1nst the b1nd1ng 

s1te on the receptor, 1nd1cat1ng other b1nd1ng s1tes wh1ch 

were unoccup1ed (Kahn, Ba1rd, Fl1er & Jarrett, 1977) 

The role of the 1nsul1n receptor 1s two-fold 1n that 1t 

recogn1zes and b1nds 1nsul1n among all other substances 1n 

the blood (Roth, Lesn1ak, Bur, Muggeo, Megyes1, Harr1son, 

Fl1er, Wachsl1ght-Robard & Gordon, 1979). Follow1ng 

b1nd1ng, a s1gnal 1s generated to result 1n the product1on 

of a character1st1c 1nsul1n response (Catt, Harwood, 

Aqu1lera & Defore, 1979, Kahn, 1979). 
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Insul1n b1nd1ng data subJected to Scatchard (1945) 

analys1s demonstrates a curv1l1near funct1on wh1ch has been 

ascr1bed to receptor s1te heterogene1ty. Two receptor 

populat1ons are recogn1zed wh1ch are character1zed as h1gh 

aff1n1ty, low capac1ty and low aff1n1ty, h1gh capac1ty s1tes 

wh1ch d1ffer by one order of magn1tude (De Meyts, 1976). In 

add1t1on, Olefsky & Chang (1979) have suggested the 

poss1b1l1 ty that the 1nsul1n receptor may ex 1st 1n 

1nterconvert1ble states. It has been known for some t1me 

that 1nsul1n levels fluctuate 1n response to phys1olog1cal 

cond1t1ons (Blackard & Nelson, 1970), however, more 

recently, 1t has been recogn1zed that receptor 

concentrat1ons and aff1n1ty also fluctuate (Forgue & 

Freychet, 1975). 

receptor aff1n1ty 

( 01 e f sky , 1 9 7 6 ) • 

Fast1ng produces 1ncreases 1n ad1pocyte 

w1thout a change 1n receptor number 

In an ad1pose cell there are est1mated to be 50,000 to 

1160,000 potent1al receptors (Kono & Barham, 1971; Gav1n, 

Roth, Nev1lle, DeMeyts & Buell, 1972), however, only 2 % of 

the b1nd1ng s1 tes needed to be f1lled to el1c1 t a max1mal 

metabol1c response. These 1nvest1gators concluded that the 

apparent b1olog1cal advantage of these "spare" receptors 1s 

an 1ncreased sens1t1v1ty to low 1nsul1n concentrat1ons 

Th1s conclus1on was supported by the f1nd1ngs of Kono & 

Barham (1971) and Cuatrecasas (1972) 1n wh1ch tryps1n 

treatment reduced both the max1mum 1nsul1n b1nd1ng capac1ty 



14 

of cells and the sens1. t1.v1. ty of cells to 1.nsul1.n-1.nduced 

glucose ox1.dat1.on. 

Insul1.n b1.nd1.ng to 1. ts receptor s1.tes also has the 

effect of alter1.ng the aff1.n1.ty of ne1.ghbor1.ng receptors for 

1.nsul1.n. Increas1.ng receptor saturat1.on wh1.ch results 1.n a 

decreased aff1.n1.ty of the populat1.on of receptor s1.tes 1.s 

termed negat1.ve cooperat1.v1.ty. Th1.s phenomenon occurs 

through what has been demonstrated to be a l1.gand-1.nduced 

accelerat1.on 1.n d1.ssoc1.at1.on rate of the 1.nsul1.n receptor 

complex. (DeMeyts, Nev1.lle, Gav1.n & Lesn1.ak, 1973; DeMeyts, 

1976; De Meyts, Beavo & Roth, 1976). These 1.nvest1.gat1.ons 

have suggested that negat1.ve cooperat1.v1.ty 1.s a fundamental 

feature of the 1.nsul1.n receptor and 1.s 1.nduc1.ble 1.n all 

spec1.es stud1.ed. DeMeyts (1978) has further suggested that 

negat1.ve cooperat1.v1.ty l.S the only property of 1.nsul1.n that 

has been as t1.ghtly conserved as the structure of the 

molecule. Hence, negat1.ve cooperat1.v1.ty was present 1.n both 

the hormone and receptor even 1.n spec1.es where other 
I 

propert1.es are altered such as aff1.n1.ty for b1.nd1.ng (non-

mammal1.an and hystr1.comorph 1.nsul1.ns) , and the ab1.l1. ty to 

d1.mer1.se (gu1.nea p1.g 1.nsul1.n) , P1.ron, Ml.cheals-Place, 

Wa1.lbroeck & DeMeyts (1975). Th1.s suggests that the am1.no 

ac1.d res1.dues 1.nvolved 1.n tr1.gger1.ng negat1.ve cooperat1.v1.ty 

were among the 1.nvar1.ant res1.dues 1.n the receptor b1.nd1.ng 

reg1.on. Stud1.es of chem1.cally mod1.f1.ed 1.nsul1.ns demonstrate 

an ab1.l1. ty to b1.nd and saturate the receptor, desp1. te a 

reduced aff1.n1.ty Therefore the reg1.ons 1.nvolved 1.n 
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negat1ve cooperat1v1ty const1tute a d1st1nct s1te from the 

b1nd1ng reg1on wh1ch 1s termed the cooperat1ve s1te 

(DeMeyts, Van Obberghan, Roth, Wollmer & Brandenburg, 1978). 

Receptor K1net1cs. Based on b1ochem1cal theory, 1t has 

been accepted that large, hydroph1l1c, polypept1de hormones, 

such as 1nsul1n, b1nd and act at the cell surface to d1rect 

subsequent b1olog1cal funct1ons. Conversely, smaller, 

hydrophob1c molecules such a stero1d or thyro1d hormones, 

read1ly enter the 1ntracellular env1ronment and act at the 

level of cytosol1c or nuclear receptors to produce cellular 

changes (Roth, 1979). 

W1th the use of electron m1croscope autorad1ography and 

other related techn1ques, the 1nternal1zat1on of 1nsul1n, 1n 

v1tro and 1n v1vo has been documented (Ste1n & Gross, 1959, 

Goldf1ne, Kr1z & Wong, 1981). In IM-9 lymphocyte cultures, 

treatment of lymphocytes w1th tryps1n to remove the plasma 

membrane 1nsul1n receptor, blocked the 1nternal1zat1on of 

125 -I-1nsul1n, prov1d1ng ev1dence that the cell surface 

receptor 1S 1nvolved 1n the 1nternal1zat1on process 

Further stud1es conducted by Carpent1er, Gorden, Arnherdt, 

Van Obberghan, Kahn & Orc1 (1978) also demonstrated 1nsul1n 

uptake by IM-9 lymphocytes, but only Goldf1ne et al. (1981) 

were able to demonstrate an 1nsul1n 1nteract1on w1th 

1ntracellular organelles. The same phenomenon was also 

observed w1th hepatocytes 1n v1vo (Renston, Jones, Hradek, 

Wong & Goldf1ne, 1980). Immed1ately follow1ng 1nJect1on of 

125-r-1nsul1n 1nto the portal ve1n, rad1oact1v1ty was 
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detected pr1mar11y at the cell surface. Ten m1nutes later, 

however, the maJorl ty of rad1oact1v1ty was present 1n the 

cell 1nter1or. As was the case w1 th the IM-9 cultures, 

1ntracellular 1nsul1n was assoc1ated w1 th the Golg1 and 

ves1cles. It was concluded that the ves1cular assoc1at1on 

may suggest the 1nternal1zat1on process occurs v1a an 

endocytot1c process. 

Post-Receptor Events. Approx1mately 40 years ago 

Stad1e, Haugaard & Vaughn (1949) suggested that the 1nt1al 

step 1n 1nsul1n act1on at the target s1te was a f1rm b1nd1ng 

to the cell. Some t1me later, work by Narahara (1972) 

clearly demonstrated the b1nd1ng of 1nsul1n to frog 

sartor1ous muscle preceeded glucose transport. B1nd1ng 

act1v1ty was observed very soon after exposure to the 

system, however, a substant1al lag was noted before the 

1n1t1at1on of glucose transport. Freychet (1971) found that 

mono-1od1nated 1nsul1n and der1vat1ves of vary1ng b1olog1cal 

potency, bound to rat l1ver membrane fract1ons and 

ad1pocytes result1ng 1n decreases 1n 1nsul1n b1nd1ng 

d1rectly proport1onal to the rate of glucose ox1dat1on 

capac1ty. 

It 1s now recogn1zed that the b1olog1cal act1ons of 

1nsul1n are 1n1t1ated after the hormone b1nds to 1ts 

receptor on the plasma membrane at the target s1te 

(Cuatrecasas & Hollenberg, 1976). There are, however, 

d1fferences wh1ch ex1st 1n the rate at wh1ch cellular 

changes take place 1n response to 1nsul1n (Goldste1n, 1978). 
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At the level of the cell membrane, rap1d effects are noted 

1n terms of the uptake of glucose and am1no ac1ds 

Intermed1ate modes of act1on are observed 1n the cytosol, 

endoplasm1c ret1culum, r1bosomes, m1tochondr1a and lysosomes 

wh1ch are 1nvolved 1n processes assoc1ated w1th enzyme 

act1v1tes and concentrat1ons and prote1n synthet1c rates. 

Lastly, long-term effects best descr1be those events 

assoc1ated w1th the cell nucleus 1n terms of the modulat1on 

of DNA and RNA synthes1s (Young, 1981). 

Early stud1es concern1ng the cellular mechan1sms 

1nvolved 1n 1nsul1n act1on suggested that as long as 1nsul1n 

was l1nked to 1ts receptor, a s1gnal was transm1tted 1nto 

the cell and throughout the plasma membrane. Th1s 

prel1m1nary model, a second messenger model, was analogous 

to the mechan1sm whereby cAMP act1vated prote1n k1nase 

(Krebs, 1972). B1nd1ng of cAMP to the receptor prote1n 

results 1n the d1ssoc1at1on of the receptor un1t from a 

catalyt1c un1t. When the catalyt1c un1t 1s not bound to the 

rece~tor un1t, 1t 1s completely act1ve. Thus, 1t was 

assumed that 1nsul1n act1on occurred v1a a release from 

1nh1b1t1on of the catalyt1c un1t by b1nd1ng to 1ts receptor 

prote1n wh1ch subsequently altered the conformat1on of the 

receptor. The model d1d not, however, expla1n the 

subsequent steps wh1ch were assoc1ated w1th changes 1n 

cellular dynam1cs as a result of 1nsul1n b1nd1ng 

Concentrated efforts to eluc1date the event(s) follow1ng 

1nsul1n b1nd1ng to 1ts receptor have been undertaken, 
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however, many aspects of the cellular changes are st1ll 

unclear (Czech, 1982). Seal & Czech (1982) have suggested 

that the regulat1on of many of the 1ntracellular act1v1t1es 

of 1nsul1n are the result of phosphorylat1on and 

dephosphorylat1on states of key metabol1c enzymes such as 

glycogen synthetase, glycogen phosphorylase, pyruvate 

dehydrogenase, hydroxymethylglutaryl CoA reductase, ATP 

c1 trate and r1bosomal prote1n S6. Understand1ng of the 

1nterven1ng steps between the 1n1t1al st1mulus and the 

ult1mate effect have only become ava1lable 1n the past 

several years due to conceptual and exper1mental 

d1ff1cult1es 1n analyz1ng these changes 1n the 1ntact cell. 

In1t1al confus1on arose from the observat1on that cAMP, 

(Jefferson, Exton, Butcher, Sutherland & Park, 1968), cGMP 

(Fa1n & Butcher, 1976) Ca++ (Sansu1 & Rub1n, 1978), Mg++ 

(Frazer & Russell, 1975), H2o2 (L1ttle & deHaun, 1980), 

membrane hyperpolar1zat1on (Z1erler & Rogers, 1980) and 

1ntracellular flu1d pH (Sonnenberg & Schne1der, 1977) all 

demonstrated a regulatory funct1on. Seal and Czech (1982), 

1nvest1gat1ng chem1cal med1ators of 1nsul1n act1on, 1solated 

a component from plasma membranes 1n response to 1nsul1n 

that possessed the ab1l1ty to act1vate 1n v1tro, two enzymes 

1nvolved 1n glucose-related dephosphorylat1on react1ons. 

The substance was character1zed as small, approx1mately 20 

kd, and hydrophob1c, possess1ng a pept1de component 

necessary for 1 ts act1v1 ty. In add1t1on, the substance 

exh1b1ted a net negat1ve charge at phys1olog1cal pH 



S1.m1.lan. ty to the low molecular we1.ght 

substance descr1.bed by Larner, Galasko. 
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1.nsul1.n-dependent 

Cheng, DePaol1., 

Huang, Daggy & Kellogg (1979} follow1.ng acl.d extract1.on of 

muscle, and by Kl.echle, Jarett, Kotagal & Popp (1981} by 

extract1.on of ad1.pocytes was noted. A s1.m1.lar 1.nsul1.n-

1.nduced, low molecular we1.ght factor was also 1.solated from 

hepatocytes follow1.ng 1.ncubat1.on w1.th 1.nsul1.n (Horvat, 

1980}. In all cases, proteolyt1.c cleavage was requ1.s1.te to 

med1.ator productl.on as pretreatment of 1.solated membranes 

w1.th ser1.ne protease 1.nh1.b1.tors, traysol or arg1.n1.ne, 

spec1.f1.cally blocked the respons1.veness of cells to 1.nsul1.n. 

The results of these stud1.es led to the theory that 1.nsul1.n 

b1.nd1.ng to target membrane receptors results 1.n proteolys1.s 

of a membrane component wh1.ch has arg1.n1.ne and ser1.ne 

spec1.f1.c1.ty. The cleavage results 1.n the release of a 

peptl.de fragment that acts as a medl.ator of one of more 

enzymes. These f1.nd1.ngs were conf1.rmed by a s1.m1.lar study 

conducted 1.ndependently by Jarett, K1.echle & Parker (1982} 

demonstrat1.ng that the 1.nteract1.on of 1.nsul1.n w1.th the 

ad1.pocyte plasma membrane produced a 10 to 15 kd chem1.cal 

med1.ator wh1.ch act1.vated pyruvate dehydrogenase. Subsequent 

exper1.ments 1.solated the factor from skeletal muscle, 

heptoma and IM-9 lymphocytes From th1.s, 1.t was concluded 

that the med1.ator may act by alter1.ng prote1.n k1.nase and 

phosphoprote1.n phosphatases that modulate the state of 

phosphorylat1.on and subseqent act1.v1.ty of these enzyme 

systems. The poss1.b1.l1.ty of two d1.st1.nct med1.ators was also 
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recogn1zed--one wh1ch 1nfluenced phosphorylat1on of 

substrate and the other dephosphorylat1on act1v1t1es. 

More recently, S1mpson and Cushman (1986) have 

descr1bed the 1nsul1n-1nduced glucose transport mechan1sm 1n 

the ad1pose cell. Us1ng a comb1nat1on of 3-o-methylglucose 

uptake and cell fract1onat1on techn1ques of McEkll and 

Jarett (1970), 1nsul1n was observed to 1nduce a 20- to 40-

fold 1ncrease 1n glucose transport w1th1n 15 m1nutes of 

The half-l1fe of the response was 3 to 4 m1nutes 

w1th complete revers1b1l1ty atta1ned w1th 1nsul1n ant1serum. 

In th1s study, us1ng a non-1nsul1n st1mulated, 1ntact cell, 

levels of glucose transporters 1n cytosol and h1gh dens1ty 

m1crosomal membranes were relat1vely low (7 pmol/mg membrane 

prote1n) , whereas a relat1vely h1gh concentrat1on of glucose 

transporters were located 1n the low dens1 ty m1crosomal 

membrane fract1on (82 pmol/mg membrane prote1n). Once 

st1mulated by 1nsul1n, however, there was a s1gn1f1cant 

sh1ft 1n the concentrat1on of transporters from the low to 

the h1gh fract1ons and plasma membrane. These results 

agreed w1th the earl1er observat1ons of Crowford and Renold 

(1965 a,b) 1n that the 1ncrease 1n glucose transport 1n 

response to 1nsul1n was the result of a change 1n the 

max1mum transport veloc1ty (Vmax) and not a change 1n the 

aff1n1ty (K ) 
m of the transporter for glucose. These 

exper1ments demonstrated that the pr1nc1ple act1on of 

1nsul1n was the 1nduct1on of the translocat1on of glucose 

transporters from the 1ntracellular pool to the 
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extracellular pool. Th1s mechan1sm has been named the 

Translocat1on Hypothes1s and 1s env1s1oned as an exocytot1c 

process 1n wh1ch ves1cles become assoc1ated w1th the plasma 

membrane and fuse. When 1nsul1n 1s d1ssoc1ated from 1 ts 

receptor, glucose transporters m1grate back to the 

1ntracellular pool 1n an endocytot1c fash1on. In add1t1on 

to the 1nsul1n-st1mulated red1str1but1on of transporters, 

Kono, Rob1nson, Blev1ns & Ezak1 (1982) found that 

1nsul1nom1met1c agents tryps1n and p-

chlormercur1phenylsulfonate also produced a red1str1but1on 

phenomenon 1nd1st1ngu1shable from that produced by 1nsul1n. 

It 1s probable, however, that these agents do not act by 

f1rst b1nd1ng to the 1nsul1n receptor, but rather, due to 

the1r cellular permeab1l1ty, most l1kely 1nduce 

translocat1on v1a an 1ntracellular mechan1sm. 

A f1nal level of regulat1on of glucose transport 

1nvolves the actual number of glucose transporters. Altered 

metabol1c states have been assoc1ated w1th the 1nab1l1ty of 

the ad1pose cell to respond to 1nsul1n. Insul1n res1stant 

states have been accounted for by reduct1ons 1n 

1ntracellular transporter numbers rather than an 1mpa1rment 

1n red1str1but1on or sens1t1v1ty as observed by Kahn & 

Cushman (1984) 1n the fasted rat. Karn1el1, H1ss1n, 

S1mpson, Salans & Cushman (1981) observed streptozotoc1n-

1nduced d1abetes to be the result of a def1c1 t 1n the 

1ntracellular receptor pool. Conversely, 1n the 

hyper1nsul1n-sens1t1ve state the cell exh1b1ts enhanced 
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glucose transport. A comparable model of hyper1.nsu1J.n-

respons1.veness has also been reported by Guerre-Ml.lo, Lavau, 

Horne & Wardzala (1985) 1.n the obese Zucker rat. The 

1.ncreased rate of max1.mally-1.nduced glucose transport 

act1.v1.ty was correlated w1.th an enlarged pool of potent1.ally 

mob1.l1.zable glucose transporters 1.n the basal state 1.n 

compar1.son to lean controls. Therefore, the red1.str1.but1.on 

potent1.al, sens1. t1.v1. ty and number of glucose transporters 

all appear to modulate glucose homeostas1.s. 

Although the red1.str1.but1.on of glucose transporters 1.s 

bel1.eved to be a maJor mechan1.sm 1.n glucose transport, other 

ev1.dence suggests that the 1.nfluence of other hormones may 

be 1.nvolved 1.n the regulat1.on of glucose transporter 

act1.v1.ty (Kash1.wag1. & Foly, 1982). For example, Green 

(1983) and Kuroda, S1.mpson, Hanner, Londos & Cushman (1984) 

demonstrated an 1.nh1.b1.tory act1.on of several known l1.polyt1.c 

substances on both basal and 1.nsul1.n-st1.mulated glucose 

transport. Invest1.gat1.ons by S1.mpson and Cushman (1986) of 

the steady state d1.str1.but1.on of transporters, noted that 

1.soproterenol, a known 1.nh1.b1. tor, together w1. th adenos1.ne 

deam1.nase, el1.c1.ted a 60% decrease 1.n 1.nsul1.n-1.nduced 

glucose transport. However, there d1.d not appear to be any 

further modulat1.on by l1.polyt1.c and ant1.l1.polyt1.c agents 1.n 

terms of glucose transport. It was therefore concluded that 

these hormones may alter glucose transport act1.v1.ty by 

alter1.ng the 1.ntr1.ns1.c act1.v1.ty of glucose transporters 

rather than at the level of transporter red1.str1.but1.on. 
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Further exper1ments fa1led to demonstrate a clear 

relat1onsh1p between the level of cAMP as reflected by A­

k1nase (cAMP dependent prote1n k1nase) and glucose transport 

act1v1ty and sens1t1v1ty. Therefore the act1on of l1polyt1c 

and l1pogen1c agents appears to be med1ated 1ndependently of 

the adenylate cyclase mechan1sm. 

Insul1n and Insul1n-L1ke Growth Factors 

In 1963, Froesch and coworkers (Froesch, Burg1, Muller, 

Hurnbel, Jacob & Lambert, 1963) demonstrated that most 

1nsul1n-l1ke act1v1ty 1n human serum 1s d1fferent from 

1nsul1n and only 5 to 10 % can be suppressed by ant1-1nsul1n 

ant1serum Non-suppress1ble 1nsul1n l1ke act1v1ty (NSILA) 

has been pur1f1ed from human serum and two polypept1des w1th 

molecular we1ghts of approx1mately 75 kd have been 1solated 

(R1nderknecht & Hurnbel, 1976). The extracts have been shown 

to have 1nsul1n-l1ke act1v1ty both 1n v1vo and 1n v1tro 

(Froesch, Zapf, Audhya, Ben-Porath, Segan & G1bson, 1975). 

Act1v1ty 1s expressed both through the 1nsul1n receptor and 

through a separate receptor 1n v1tro wh1ch exh1b1ts a lower 

aff1n1ty for 1nsul1n. R1nderknecht & Humbel (1976) 

determ1ned the complete sequence of these two pept1des and 

1dent1f1ed them as 1nsul1n l1ke growth factor ( IGF) I and 

II. Both show remarkable structural homology w1th 1nsul1n 

Relax1n, a polypept1de hormone produced and stored 1n the 

corpus luteurn also demonstrates cons1derab1e structural 

homology (Schwabe, McDonald & Ste1netz, 1976; Schwabe, 
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McDonald & SteJ.netz, 1977), but has not been reported to 

demonstrate any J.nsulJ.n-lJ.ke effects. Sequence homology of 

the IGF's wJ.th J.nsulJ.n suggest a common ancestry (Blundell & 

Humbel, 1980). WJ.thJ.n vertebrate classes, varJ.atJ.on between 

IGF-1, or somatomedJ.n C, and J.nsulJ.n have been recognJ.zed 

J.ndJ.catJ.ng dJ.vergence occurred before the appearence of 

vertebrates. The dJ.vergence of IGF-1 and IGF-2 J.S thought 

to have coJ.ncJ.ded WJ.th the appearence of the fJ.rst mammals 

(Zapf, Froesch & Humbel, 1981). A portJ.on of the receptor 

bJ.ndJ.ng regJ.on J.S J.dentJ.cal to J.nsulJ.n J.n the IGF' s whJ.ch 

explaJ.ns why J.t exhJ.bJ.ts some affJ.nJ.ty for the J.nsulJ.n 

receptor and assocJ.ated J.nsulJ.n-lJ.ke actJ.VJ.ty (Blundell, 

Bedarkar, RJ.nderknecht & Humbel, 1978). ResJ.dues that 

recognJ.ze the J.nsulJ.n receptor are markedly dJ.fferent J.n 

relaxJ.n (Schwabe et al., 1976). A more complete descrJ.ptJ.on 

of the IGF's J.n relatJ.onshJ.p to growth are addressed further 

J.n the growth hormone sectJ.on of thJ.s revJ.ew. 

DegradatJ.on 

In the p1g, the half lJ.fe of J.nsulJ.n J.S approxJ.mately 9 

mJ.n The maJ.n SJ.tes of degradatJ.on are the lJ.ver and kJ.dney 

WJ.th approxJ.matley 50% of the J.nsulJ.n reachJ.ng the lJ.ver VJ.a 

the portal cJ.rculatJ.on beJ.ng destroyed J.n a sJ.ngle passage 

(TerrJ.s and SteJ.ner, 1978). InsulJ.n J.S fJ.ltered by the 

renal glomerulJ. and J.S reabsorbed by the tubules where J.t J.S 

degraded J.nto J.ts component amJ.no acJ.ds. Muscle and adJ.pose 

tJ.ssue also bJ.nd and J.nactJ.vate J.nsulJ.n, but theJ.r combJ.ned 
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contr1.but1.on 1.s relat1.vely 1.ns1.gn1.f1.cant 1.n compar1.son to 

renal and hepat1.c routes (Orcl., 1977) 

In v1.tro Act1.ons 

In add1.t1.on to 1.ts 1.n v1.vo act1.ons, 1.nsul1.n regulates a 

var1.ety of metabol1.c processes 1.n v1. tro. Its effects on 

growth and prol1.ferat1.on of cells 1.n culture have been 

recogn1.zed for somet1.me (Gey and Thalhe1.emer, 1924) S1.nce 

then, 1.nsul1.n has been shown to st1.mulate the prol1.ferat1.on 

of many cell types under a var1.ety of exper1.mental 

cond1.t1.ons (Straus, 1981). Insul1.n also acts 

synerg1.st1.cally 1.n v1. tro Wl. th other hormones and growth 

factors to st1.mulate the cell cycle of cells that have been 

arrested 1.n G1 by depr1.vat1.on of serum (Massague, Bl1.nderman 

& Czech, 1982). The h1.gh aff1.n1.ty 1.nsul1.n receptor med1.ates 

growth st1.mulat1.on 1.n rat heptoma cells. By l1.m1. t1.ng an 

essent1.al element such as phosphate (Kamely & Rudland, 1976) 

Rachler, Podskalny, Goldf1.ne & Wells (1974), proposed that 

st1.mulat1.on of the growth of f1.broblasts by 1.nsul1.n 1. s 

med1.ated by weak b1.nd1.ng to receptors for the IGF's. 

Invest1.gat1.ons that followed (Rl.nderknecht & Humbel, 1978; 

Svoboda, Van Wyk, Klapper, Fellows, Gr1.ssom & Schluetter, 

1980; Marquardt, Todaro, Henderson & Oroszlan, 1981) 

conf1.rmed th1.s observat1.on However, 1.n all these systems, 

the level of 1.nsul1.n used was supraphys1.olog1.cal. 

Gospodarow1.cz & Moran (1976) suggested that at h1.gh levels, 

1.nsul1.n 1.s able to serve as a somatomed1.n ( IGF) analog. 
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KJ.ng, Kahn, Rechler & NJ.ssey (1980) demonstrated that there 

was a s1gn1f1cant 1nteract1on of 1nsul1n at h1gh 

concentrat1ons w1th the IGF I receptor 1n ad1pose and 

f1broblast cells. Ewton & Flor1n1 (1980) concluded that IGF 

I J.S the most act1ve hormonal st1mulator of anabol1c 

processes J.n cultured muscle cell and that many of the 

anabolJ.c act1ons of 1nsul1n results from 1ts structural 

homology to IGF I, as ev1denced pr1mar1ly by the st1mulat1on 

of myoblast d1fferent1at1on and prol1ferat1on (Ewton and 

Flor1n1, 1981). 

InsulJ.n 1n Growth and Development 

From numerous sources, ev1dence has establJ.shed a 

cr1t1cal role for 1nsul1n 1n normal growth and development 

(Bergen, 1974; Mart1n, Ramsey & Harr1s, 1984). 

Invest1gat1ons wh1ch have spanned nearly 30 years have 

1dent1f1ed the l1ver, muscle and ad1pose t1ssue as pr1mary 

s1 tes of 1nsul1n act1on, and have elucJ.dated mechan1sms 

1nvo1v1ng carbohydrate, prote1n and fat metabol1sm. 

InformatJ.on obta1ned has 1nd1cated that the pr1mary act1on 

of 1nsul1n 1s anabol1c J.n nature; promot1ng glucose and 

am1no ac1d uptake, glycogen synthes1s, l1pogenes1s and 

proteJ.n synthes1s (FrJ.tz, 1972; Czech, 1981). Insul1n 1s 

thought to exert these effects v1a an act1vat1on of 

transport systems for nutr1ents, 1ons and 1ntracellular 

enzymes wh1ch ult1mately regulates the metabol1c fate of 

carbon der1ved from maJor nutr1ents such as carbohydrates, 
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glycer~des and am~no ac~ds. The effects are both short and 

long-term, affect~ng acute changes assoc~ated w~th feed~ng 

behav~or (Lemagen, 1983) and metabol~c react~ons govern~ng 

homeorhes~s, (Pr~or & Sm~th, 1982). 

Insul~n has been cons~dered a fetal growth hormone and 

several groups have def~ned the relat~onsh~p between ~nsul~n 

and fetal development. Stud~es ~n humans (L~gg~ns, 1972; 

Dr~scoll, 1965) have shown bab~es from d~abet~c mothers are 

longer and heav~er than those from non-d~abet~c mothers. In 

rats, decreased fetal development was demonstrated as a 

result of decreased ~nsul~n exposure to the uterus (G~rard, 

Kervran, Sougglet & Assam, 1974). P~con (1967) ~nJect~ng 

~nsul~n dur~ng the last tr~mester of gestat1.on produced 

heav~er, fatter fet~ w~th a greater n~trogen retent~on than 

normal untreated rats. In p~gs, alloxan-~nduced d~abetes ~n 

g~lts dur~ng late gestat~on resulted ~n elevated maternal 

glucose and fetal ~nsul~n, however, th~s group reported no 

changes ~n body compos~ t~on or development compared w~ th 

controls (Esweke & Mart~n, 1978). 

Dur~ng the postnatal per~od, ~nsul~n def~c~ency 

profoundly l~m~ts growth (Pond, 1970; Canolty & Mart~n 

1982) Explanat~ons for observed growth depress~on are 

related to the metabol~c act~ons of the hormone ~n v~vo In 

terms of prote~n metabol~sm, st~mulat~on of prote~n 

synthes~s by ~nsul~n occurs ~ndependently of glucose or 

am~no ac~d uptake (Fa~n, 1974). Wool, St~rewalt, Kur~hara, 

Low, Ba~ley & Oyer (1968) observed ~nsul~n therapy 
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follow1ng alloxan-1nduced d1abetes 1n rats 1ncreased prote1n 

synthes1s v1a an enhancement 1n the translat1on of mRNA. 

Th1s was postulated to occur through a more favorable 

assembly of the polyr1bosomes. 

In v1tro, 1nsul1n st1mulates the 1ncorporat1on of all 

naturally occurr1ng am1no ac1ds 1nto prote1n, 1nclud1ng 

those from 1ntracellular sources, suggest1ng that 1ncreased 

synthes1s 1s not completely attr1butable to an 1ncreased 

uptake (Manchester, 1959). More recently, Fraymond and 

Maycock (1979) reported that 1nsul1n the 

degradat1on of muscle prote1n both 1n v1vo and 1n v1tro. 

The ch1ef effect of 1nsul1n on prote1n metabol1sm 1n 

the l1ver 1s ant1catabol1c. An exam1nat1on of the synthet1c 

effect of 1nsul1n 1n perfused rat l1vers demonstrated that 

the presence of 1nsul1n decreased urea n1trogen product1on 

but 1nduced no enhancement the 
/ 
synthes1s of 

glycoprote1n, f1br1nogen or haptoglob1n. The 1ncorporat1on 

of am1no ac1ds was ma1nly 1nto structural prote1n (John & 

M1ller, 1969). P1lk1s & Korner (1971) observed that 

pur1f1ed polysomal preparat1ons from the l1vers of d1abet1c 

an1mals 1ncorporate prote1n less eff1c1ently than normal 

controls. From these f1nd1ngs 1 t was hypothes1zed that 

1nsul1n def1c1ency 1s related to defects 1n polysomal 

aggregat1on. Ste1ner (1966) has rev1ewed the effects of 

1nsul1n on hepat1c enzyme b1osynthes1s and has demonstrated 

that 1nsul1n adm1n1strat1on to d1abet1c rats resulted 1n a 

sh1ft 1n concentrat1ons of gluconeogen1c and glycolyt1c 
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enzymes. The concentrat1ons of pyruvate carboxylase, 

phosphoenolpyruvate carboxyk1nase, fructose 1-6-

d1phosphatase and glucose-6-phosphatase were decreased wh1le 

levels of hexok1nase, phosphofructok1nase and pyruvate 

k1nase were 1ncreased. Th1s group also observed an 1ncrease 

1n total l1ver RNA content. Enhanced RNA polymerase 

act1v1ty has been assoc1ated w1th 1nsul1n adm1n1strat1on by 

others (P1lk1s & Salmon, 1972). 

The 1mportance of 1nsul1n 1n l1vestock product1on 1s 

1nd1cated by the observat1on that alloxan-1nduced d1abet1c 

p1gs are 50% l1ghter than normal control an1mals (Ramos, 

Leve1lle & Alee, 1971), w1th normal growth restored by 

1nsul1n therapy. Although 1 t 1s apparent that abnormal 

growth can be assoc1ated w1th a def1c1ency of 1nsul1n, the 

relat1onsh1p of growth to c1rculat1ng 1nsul1n levels 1s 

sl1ght (Etherton, 1982). Th1s 1s best 1llustrated by 

observat1ons of Wangsness, Mart1n & Gahagan (1977) 1n wh1ch 

obese, slow-grow1ng, Ossabaw p1gs were observed to have 

h1gher 1nsul1n concentrat1ons than lean, more rap1dly 

grow1ng, Yorksh1re p1gs. Etherton (1982) has suggested that 

the overall concentrat1ons of 1nsul1n cannot adequately be 

related to growth performance due to unknown d1fferences 1n 

parameters such as metabol1c clearance rate, secret1on rate 

and t1ssue sens1t1v1ty. Furthermore, 1nsul1n levels 

fluctuate substant1ally dur1ng the day, mak1ng assessments 

of cont1nuous concentrat1ons d1ff1cult to determ1ne 

(Vas1lalos & Wangsness,1981). 
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In add1t1on to these cons1derat1ons, wh1ch are thought 

to contr1bute to the lack of assoc1at1on between 1nsul1n and 

l1vestock growth performance, the enhancement of the 

anabol1c effects of 1nsul1n 1n v1vo through an 1nsul1n­

med1ated hepat1c product1.on of IGF-1 has been recogn1zed 

(Daughaday, Ph1.ll1.ps & Mueller, 1976), but rema1ns 

controvers1.al. Confl1.ct1.ng reports have been made by 

Gahagan (1980) 1n wh1.ch serum levels of IGF-1 were depressed 

1.n obese rats 1.n conJunctl.on w1. th elevated serum 1nsul1n 

concentrat1ons, suggest1.ng perhaps an opt1.mal level of 

1nsul1.n 1s requ1red for IGF-1 product1on. The mechan1.sm of 

hepat1c IGF-1 output has been descr1.bed by Baxter, Bryson & 

Turtle (1980) who suggested that 1.nsul1.n regulates the 

number of hepat1.c somatogen1c receptors. Hence, low IGF-1 

concentrat1.ons and depressed growth 1.n the d1abet1c state 

may be the result of a def1c1.ency 1n the act1.on of 1nsul1n 

at th1.s s1te. Recently, Oka, Mottola, Oppenhe1mer & Czech 

(1984) reported a s1m1.lar effect of 1nsul1.n on ad1pocyte 

IGF-2 receptors. Therefore, 

1nvolvement 1n potent1.at1ng 

1.n add1 t1.on to 1. ts poss1.ble 

the release of IGF-1 by 

1.ncreased hepat1c growth hormone receptor numbers, 1nsul1.n 

may also serve to regulate IGF-2 act1on v1.a an 1nteract1on 

w1th the IGF-2 receptor. 

At the present t1me, much emphas1s 1.s be1.ng focused on 

the relat1onsh1p between receptor-related events assoc1ated 

w1th 1nsul1n b1nd1.ng 1n meat an1.mals. T1ssue sens1t1v1ty to 

1nsul1n, espec1ally 1.n the ad1.pocyte, appears to change w1th 
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the level of matur1ty and 1n th1s way affects growth 

performance (Etherton & Kens1nger, 1984). Insul1n has also 

been observed to regulate l1pogen1c capac1ty, as ev1denced 

by the sharp decl1ne 1n l1p1d synthes1s 1n the absence of 

1nsul1n, w1th restorat1on by the add1t1on of 1nsul1n 

(Vernon, 1982). Th1s suggests that 1nsul1n acts as a 

med1ator of l1pogen1c enzyme concentrat1ons or act1v1ty by 

e1ther 1ncreas1ng synthes1s, decreas1ng the rate of 

degradat1on or enzyme act1vat1on by covalent mod1f1cat1ons 

or alloster1c effects. 

The eff1cacy of exogenous 1nsul1n as a v1able method to 

1mprove growth performance of meat an1mals has met w1 th 

11 ttle success. Steele & Etherton ( 19 8 3) were unable to 

el1c1t s1gn1f1cant growth changes 1n p1gs fed h1gh or low 

-1 -1 prote1n d1ets and rece1v1ng 1 U"kg BW "d of 1nsul1n. 

S1nce plasma 1nsul1n concentrat1on responded to the 

adm1n1strat1on of 1nsul1n, the lack of response suggests 

e1ther the level of 1nsul1n was not rate-l1m1t1ng 1n these 

p1gs or 1nsul1n adm1n1strat1on produced receptor down-

regulat1on occurred. 

Clearly, further research 1s necessary to eluc1date the 

synerg1st1c and antagon1st1c act1ons of 1nsul1n w1th other 

hormones as well as 1ts receptor med1ated effects 1n order 

to fully understand and to opt1mally coord1nate and d1rect 

eff1c1ent and econom1cal an1mal growth performance. 
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Growth Hormone 

D~scovery, Chem~stry and Local~zat~on 

P~tu~tary growth hormone or somatotrop~n, has been 

recogn~zed as essent~al for normal growth, development and 

ma~ntenance from the neonatal through the postnatal per~od. 

Growth hormone ~s the most abundant of the adenohypophyseal 

hormones, compr~s~ng 10% of the dry we~ght of the anter~or 

p~ tu~ tary, approx~mately 8 mg per gland ~n humans (Laron, 

1982). Somat~c growth ~s controlled by growth hormone, and 

a cont~nual, regulated secret~on ~s necessary for normal 

growth and development to occur. The role of growth hormone 

dur~ng the postnatal per~od ~s not totally clear, but the 

metabol~c effects are presumably ~mportant to ma~nta~n 

homeostas~s, as ev~denced by cond~t~ons result~ng from 

abnormal secret~on rates or patterns. For example, 

hypop~tu~tar~sm, as a result of ~nadequate growth hormone 

secret~on, man~fests ~tself ~n short stature, growth and 

reproduct~ve abnormal~t~es. On the other hand, excess~ve, 

uncontrolled secret~on results ~n acromegaly, wh~ch ~s 

character~zed by an abnormal ~ncrease ~n s~ze of the 

~nternal organs and extrem~t~es and a th~cken~ng of the sk~n 

(Daughaday, 1977). 

Growth hormone was f~rst extracted from pur~f~ed 

granules or~g~nat~ng from hypothalam~c prote~ns, and 

fract~nated by DEAE-chromatograph~c methods (LaBella, Krass, 

Fr~tz, V~v~an, Sh~n & Queen, 1971) Human growth hormone 
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cons1sts of 191 am1no ac1ds crossl1nked by two d1su1f1de 

br1dges and has a molecular we1ght of 22 kd. (Laron, 

Pertzelan, Kw1ty, L1vach-Zr1nsky & Keret, 1976; L1, L1u & 

D1xon, 1971, N1all, Hogan, Sauer, Rosenblum & Greenwood, 

1971). Ultrastructural and 1mmunocytochem1cal local1zat1on 

stud1es conducted by Duello & Halm1 (1979) 1dent1f1ed and 

character1zed the s1te of hGH synthes1s. These cells, 

called somatotropes, were descr1bed as abundant, round to 

ovo1d 1n shape and densely granulated w1th a mean d1ameter 

of 368 nm. Lactotropes, wh1ch are the s1te of the synthes1s 

and secret1on of the related pept1de prolact1n, were much 

d1fferent and were descr1bed as less numerous, small ( 185 

mn) , angular cells w1th relat1vely fewer granules 1n 

compar1son to somatotropes. 

Determ1nat1ons of the molecular s1ze of the hormone 1n 

blood by gel f1ltrat1on of plasma on Sephadex G-75 and G-100 

followed by rad1o-1mmuno and receptor assays of the effluent 

fract1ons revealed the presence of three substances 

(Goodman, Tannenbaum & Robenow1 tz, 19 7 2; Gordon, Le sn1ak, 

Hendr1cks & Roth, 197 4; Lew1s, S1ngh, Tutwe1ler, S1egel & 

Vanderlaan, 19 8 0) wh1ch have been 1dent1f1ed as var1ants 

w1 th1n a fam1ly of growth hormones rather than a s1ngle 

hormone The one found 1n h1ghest concentrat1on was noted to 

be the same s1ze of p1tu1tary GH (22 kd) and has been called 

"11 ttle growth hormone" The second was determ1ned to be 

approx1mately two t1mes as large and has been called "b1g 

growth hormone". Both forms are read1ly detected by 
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rad1o1mmunoassay (RIA) and rad1oreceptor assay (RRA) 

techn1ques w1th the latter normally prov1d1ng a better 

assessment of b1olog1cal act1v1 ty The 22 kd form may 

represent the form of b1olog1cal 1mportance as 1t exh1b1ts a 

greater act1v1ty 1n RRA. Gordon, Lesn1ak, Eastman, 

Hendr1cks and Roth (1976) have suggested that the larger 

form 1s converted, enzymat1cally, (Yadley & Chrambach, 1973 

to the smaller pept1de and therefore represents a precursor 

or pro hormone w1th seventy to n1nety percent of the 

1mmunoreact1ve growth hormone 1n plasma represented by the 

smaller pept1de. A th1rd var1ant 1s a 20 kd molecule wh1ch 

d1ffers from the 22 kd GH by an 1nternal delet1on of 15 

am1no ac1ds and compr1ses 10% to 15% of the total p1tu1tary 

GH content of all spec1es stud1ed (Lew1s, Pence, S1ngh & 

Vanderlaan, 1975). Analys1s of the mRNA of both the 20 and 

2 2 kd forms are 1dent1cal except for the 45 nucleot1de 

de1et1on wh1ch results 1n the absence of am1no ac1d res1dues 

between 32 and 46 present 1n the 22 kd hormone (DeNoto, 

Moore & Goodman, 1981). Th1s var1ant has been shown by 

Lew1s, Dunn, Bonewald, Seavy & Vanderlaan (1978) to possess 

growth-promot1ng act1v1ty w1th potency s1m1lar to the 22 kd 

GH The var1ant does, however, lack the 1nsul1n­

antagon1st1c, trans1ent 1nsul1n-l1ke act1v1ty and suggested 

11polyt1c act1v1 ty of the 22 kd GH The lack of these 

funct1ons has been suggested to ar1se from th1s pept1de 

be1ng the result of act1ve d1vergent spl1c1ng of a s1ngle 
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mRNA at the two potent~al ~nterven~ng sequence s~tes 

(Fre~san, 1980). 

Many mult~gene fam~l~es such as the GH fam~ly have been 

~dent~f~ed ~n eukaryot~c genomes. The growth hormone farn~ly 

encompasses at least seven genes (Moore, Conkl~ng & Goodman, 

1982) Human GH ~s 85% structurally homologous to human 

chor~on~c somatomarnmotrop~n (hCS) wh~ch ~s synthes~zed ~n 

the placenta (N~all et al., 1971). In l~ght of th~s 

structural homology, ~t ~s not surpr~z~ng that the mRNA's of 

hGH and hCS are also very s~m~lar (Mart~al, Hallewell Baxter 

& Goodman, 1975). In add~t~on, both of these hormones are 

related to prolact~n, a pept~de hormone synthes~zed and 

secreted from the adenohypophys~s. These phylogenet~cally 

related hormones form~ng the GH fam~ly probably resulted 

from gene dupl~cat~on wh~ch occurred 350 m~ll~on years ago 

(M~ller & Eberhardt, 1985). Several l~nes of ev~dence have 

suggested that hGH and hCS, wh~ch are the most closely 

related of all the sequences, d~vergered only 50 to 60 

m~ll~on years ago at a t~me that ~s cons~stant w~th the 

emergence of placental mammals (Moore et al , 198:?, Hung, 

Hover & Moore, 1985). 

Growth Hormone Secret~on 

Hypothalam~c Control of Secret~on. In~t~al endeavors 

to ~dent~fy the poss~ble central nervous system control of 

GH secret~on log~cally focused on the hypothalamus, a maJor 

s~te of neural outflow The hypothalamus has been observed 
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to exert a predom1nantly st1mulatory effect on GH secret1on 

as ev1denced by ablat1on exper1ments, wh1ch resulted 1n the 

cessat1on of growth and a defect1ve GH response to 

hypoglycem1a, L-DOPA and arg1n1ne. Stud1es produc1ng 

les1ons of spec1f1c hypothalam1c nucle1 have resulted 1n 

abnormal GH secretory responses, 1nd1cat1ng that these s1tes 

are assoc1ated w1th the regulat1on of GH secret1on. Les1ons 

of the med1an em1nence and med1al basal hypothalamus blocks 

both the 1nsul1n-1nduced (Abrams, Parker, Blanko, Re1chl1n & 

Daughaday, 1966) and stress-med1ated (Brown, Schlach & 

Re1chl1n, 1971) GH release 1n the pr1mate. Les1ons of the 

ventromed1al nucle1 (VMN) of young female rats has been 

reported to result 1n depressed growth and a decrease 1n 

plasma and p1tu1tary GH (Frohman and Bernard1s, 1968, 

Frohman, Bernard1s, Burck, Moran & Dhar1wal, 1972). 

Growth hormone secret1on 1s character1zed predom1nantly 

by regularly recurr1ng ep1sod1c bursts (Mart1n, 1976). 

Ind1v1dual secretory peaks 1n humans have been reported to 

reach 20 to 50 ng/ml, and usually occur dur1ng the f1rst and 

last few hours of sleep (F1nkleste1n, Roffwarg, Boyar, Kream 

& Hellman, 1972). The frequency and magn1tude of GH 

secretory ep1sodes are age dependent and can be modulated by 

such factors as sleep patterns, exerc1se and stress. 

Re1chl1n (1974) has reported that ep1sodes of GH secret1on 

are not accounted for by var1at1ons 1n glucose, am1no ac1ds 

or free fatty ac1ds, wh1ch suggests that ep1sod1c surges are 

pr1mar1ly the result of neural control mechan1sms. Th1s 
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does not exclude, however, that the surges are unrelated to 

the metabol~c needs of the an~mal. 

Autoregulat~on of Secret~on. The ab~l~ ty of GH to 

regulate ~ts own secret~on at the level of the central 

nervous system has been exam~ned ~n rats (Tannenbaum, 1980). 

Th~s study demonstrated that GH can regulate ~ts own 

secret~on v~a a negat~ve feedback system. Adm~n~strat~on of 

rGH to the cerebral sp~nal flu~d resulted ~n a s~gn~f~cant 

suppress~on of GH secretory burst ampl~tude. The spec~f~c 

s~ te of th~s regulat~on was not clear from s~nce prev~ous 

~nvest~gat~ons (Mart~n, 1979) have ~mpl~ed a number of 

plaus~ble s~ tes of GH secretory control. One potent~al 

s~te, as prev~ously ment~oned, ~s the med~an em~nence s~nce 

the results of Katz, Mol~tch & McCann (1969) and Vooght, 

Clemens, Negro-V~lar, Welsch & Me~tes (1971) ~nd~cated that 

~nJect~on of GH ~nto th~s reg~on caused marked alterat~ons 

~n rat p~tu~tary growth hormone (rpGH) secret~on. Ol~ver, 

M~cal & Porter (1977) have suggested that GH may reach the 

bra~n to mod~fy ~ts own secret~on v~a a retrograde transport 

route v~a the hypothalamo-hypophyseal portal system wh~ch 

has been reported as a transport phenomenon ut~l~zed by 

many of the p~tu~tary hormones at th~s level. An 

alternat~ve hypothes~s of the feedback mechan~sm has been 

suggested by We~ndl and Joynt (1972) ~n wh~ch GH from the 

per~pheral c~rculat~on ~s transported d~rectly to the med~an 

em~nence wh~ch possesses a greater permeab~l~ty. 
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Hypophys1otrop1c Factors. The ex1stence of 

neurohumoral control of the anter1or p1tu1tary gland by the 

hypothalamus was proposed for the f1rst t1me by Green and 

Harr1s (1947). The f1rst attempts to establ1sh th1s 

connect1on by these 1nvest1gators fa1led to demonstrate a 

d1rect 1nnervat1on between the anter1or p1 tu1 tary and the 

central nervous system. Harr1s (1955) publ1shed the portal 

vessel chemotransm1tter hypothes1s of anter1or p1tu1tary 

regulat1on wh1ch outl1ned the concept that hypophys1otrop1c 

hormones are synthes1zed by neurons 1n the hypothalamus, 

transported to nerve end1ngs 1n the p1tu1tary stalk-med1an 

em1nence reg1on, released 1nto the 1nterst1t1al space w1th1n 

the pr1mary portal cap1llary plexus, and f1nally d1str1buted 

to the anter1or p1tu1tary through the portal vessels. 

Halasz (1962), us1ng electr1cal st1mulat1on and les1on1ng 

techn1ques, 1dent1f1ed a hypophys1otrop1c area of the 

hypothalamus wh1ch was bel1eved respons1ble for the 

synthes1s and regulat1on of secret1on of releas1ng factors 

and susta1n1ng p1 tu1 tary funct1on It 1s now recogn1zed 

that the secret1on of GH 1s controlled by both a 

hypothalam1c 1nh1b1tory and a hypothalam1c releas1ng factor 

from th1s reg1on. These substances are growth hormone 

releas1ng factor (GRF) and somatotrop1n release 1nh1b1 tory 

factor (SRIF) more commonly known as somatostat1n (SS). 

Growth hormone releas1ng factor (GRF) was f1rst 

1solated, pur1f1ed and character1zed from human subJects who 

presented s1gns of acromegaly and elevated GH levels that 
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abated w1th removal of a pancreat1c tumor (R1v1er, Sp1ess, 

Thorner & Vale, 1982) • Invest1gat1ons by other groups at 

the same t1me (Gu1llem1n, Brazeau, Bohlen, Esch, L1ng & 

Wehrenberg, 1982~ Brazeau, L1ng, Bohlen, Esch, Y1ng & 

Gu1lleman, 1982) 1solated a 44 res1due pept1de subsequently 

termed human pancreat1c growth hormone releas1ng factor 

(hpGRF). A 37 and 40-res1due form has also been recogn1zed, 

however, all ev1dence 1nd1cates that hp ( 1-44) -NH2 1s the 

most potent form 1n v1tro (Sp1ess, R1v1er, Thorner, & Vale, 

1982~ Ar1mura, Culler, Turkelson, Luc1ano, Thomas, Obhara, 

Groot, R1v1er & Vale, 1983), and ex1sts as an am1dated COOH­

term1nal pept1de (Bohlen, Esch, Brazeau, L1ng & Gu1llem1n, 

1983). Potency stud1es have 1nd1cated that the 29 N-

term1nal res1dues possess all the 1nformat1on requ1red for 

full 1n v1tro act1v1ty, and further suggests that the c­

term1nal reg1on 1s not cr1 t1cal for receptor recogn1 t1on 

(R1v1er et al., 1982). Am1no ac1d sequenc1ng stud1es have 

shown the hpGRF-37 and hpGRF-40 could feas1bly be generated 

from hpGRF-44 by cleavage of arg1n1ne res1dues from the N­

term1nal s1de of res1dues 38 and 41 (Brazeau et a1. 1982). 

Other ev1dence wh1ch would 1nd1cate that hpGRF-44 1s the 

pr1mary c1rculat1ng form 1n the hypothalam1c­

hypophys1otrop1c ax1s 1s that monoclonal ant1bod1es ra1sed 

aga1nst the 44-res1due form 1nh1b1ts most of the act1v1ty of 

endogenous hpGRF-44. The pr1mary structure of human GRF as 

establ1shed by Edman degradat1on 1s TYR-ALA-ASP-ALA-ILE-PHE­

THR-ASN-SER-TYR-ARG-LYS-VAL-LEU-GLY-GLN-LEU-SER-ALA-ARG-LYS-
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LEU-LEU-GLN-ASP-ILE-MET-SER-ARG-GLN-GLN-GLY-GLU-SER-ASN-GLN­

GLU-ARG-GLY-ALA-AGR-VAL-ARG-LEU-NH2. Normally, GRF-44 1S 

synthes1zed and secreted from the ventromed1al hypothalamus 

where 1t 1s transported v1a axons to the hypothalo­

hypophyseal portal system. 

The porc1ne form of the molecule was 1solated from 2500 

porc1ne hypothalam1 by ac1d extract1on, 1mmunoaff1n1ty 

chromatography, gel f1ltrat1on and a two step reverse phase 

HPLC procedure. The f1nal structure was character1zed by 

gas phase sequence analys1s. The porc1ne molecule 1s very 

s1m1lar to the human structure w1 th the except1on of the 

subst1tut1on of three d1fferent am1no ac1ds between res1due 

34 and 44 (Bohlen et al., 1983). 

All forms have been observed to el1c1t the secret1on of 

1mmunoreact1ve GH 1n v1tro and 1n v1vo 1n rats (Wehrenberg & 

L1ng, 1983) , humans (Borges, Bl1zzard, Gelato, Furlanetto, 

Rogol, Cron1n, Ka1ser, MacLeod, Merr1am, Lor1aux, Spe1ss, 

R1v1er, Vale & Thorner, 1983), pr1mates (Alme1da, F1ttmaster 

& Merr1am, 1983), sheep (Ba1le, Della-Fera & Buomono, 1983), 

cattle (Moseley, Krab1ll, Fr1edman & Olsen, 1984) and 

ch1ckens (Leung & Taylor, 1983) w1th the 40 and 44 am1no 

ac1d factors possess1ng equal potency 1n v1vo. It 1s also 

1nterest1ng to note that hpGRF belongs to the glucagon­

secret1n fam1ly and 1s closely related structurally to the 

pept1de PHI-27, a relat1vely new member of the glucagon 

faw1ly (Sp1ess, R1v1er & Vale, 1983) 
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The d1.scovery and eluc1.dat1.on of the structure and 

funct1.on of somatostat1.n (SS) was a maJor ach1.evement 1.n the 

study of hypothalam1.c pept1.des (Burgus, L1.ng, Butcher & 

Gu1.llem1.n, 1973; Brazeau, 1973). S1.m1.lar to GRF, SS l.S 

produced 1.n the med1.al preopt1.c nucle1. of the hypothalamus 

and l.S transported v1.a axons to the med1.an em1.nence and 1.nto 

the hypothalamo-hypophyseal portal system (R1.ce & Cr1.tchow, 

1975; Mart1.n, 1981). It was 1.solated from ov1.ne 

hypothalam1.c extracts were subsequently pur1.f1.ed and 

chem1.cally character1.zed as be1.ng a cycl1.c tetradecapept1.de. 

The pr1.mary am1.no ac1.d structure of SS 1.s H-ALA-GLY-CYS-LYS­

ASN-PHE-PHE-TRP-LYS-THR-PHE-THR-SER-CYS-OH Wl.th a d1.sulf1.de 

br1.dge between res1.dues 3 and 14. The b1.osynthet1.c 

mechan1.sm of SS l.S st1.ll unclear, however, Ar1.mura, Sato, 

Dupont, H1.sh1. & Schally (1975) reported the 1.solat1.on of a 

larger compound of s1.m1.lar structure from t1.ssue extracts 

wh1.ch may 1.nd1.cate a prohormone form ex1.sts. 

S1.nce 1.ts 1.n1.t1.al d1.scovery, SS has been found to have 

a w1.de var1.ety of effects and anatom1.cal d1.str1.but1.on. It 

l.S found not only 1.n the central nervous system, but 1.n the 

gastro1.ntest1.nal tract as well, espec1.ally 1.n the pancreas 

as was stated prev1.ously. In all an1.mals tested, 1. t l.S a 

potent 1.nh1.b1.tor of GH secret1.on st1.mulators 1.nclud1.ng 

exerc1.se, arg1.n1.ne, L-DOPA, and hypoglycem1.a (Hall, Schally, 

Evered, Kast1.n, Mort1.mer, Tunbr1.dge, Besser, McCoy, Gold1.e, 

McNe1.lly, Phenekos & We1.ghtman, 1973; Hansen, Orskov, Seyer-
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Hansen & Lundback, 1973~ Parker, 1974; S1ler, Vanden Berg & 

Yen, 1974) • 

The onset of SS act1on 1s rap1d and the durat1on of 1ts 

effect br1ef (Mart1n, Brazeau, Tannenbaum, W1lloughby, 

Epelbaum, Terry & Durand, 1978). Under the 1nfluence of SS 

1n v1tro, GH secret1on from 1solated p1tu1tary cells, 

decl1nes w1th a mean half-l1fe of 24 to 34 m1n wh1ch 

corresponds closely to the d1sappearance of GH 1n v1vo. 

Follow1ng the cessat1on of SS 1nfus1on, GH 1mmed1ately 

rebounds. 

The balance of SS and GRF necessary to ult1mately 

control GH release 1s st1ll not well understood, however, 

several tenable hypotheses have been presented. The 

adm1n1strat1on of monoclonal ant1bod1es aga1nst rGRF 

completely abol1shed the pulsat1le release of GH. In a 

subsequent exper1ment, the adm1n1strat1on of GRF-44 or 40 to 

rats resulted 1n 1ncons1stant responses 1n GH secret1on. 

However, pretreatment of rats w1th ant1-rat somatostat1n 

ant1serum followed by adm1n1strat1on of GRF-44 and 40 

cons1stantly st1mulated GH secret1on. From th1s ser1es of 

exper1ments 1t was concluded that GRF 1s the pr1mary 

effector of GH release, however, somatostat1n 1n part 

determ1nes the respons1veness of somatotropes to GRF 

(Wehrenberg, L1ng, Bohlen, Esch, Brazeau & Gu1llem1n, 1982). 

Ev1dence for control of GH release by SS has also been 

demonstrated from exper1ments exam1n1ng the effects of 

pass1ve 1mmun1zat1on aga1nst SS on GH release (Spencer & 
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Garssen, 1983, Spencer, 1986). Adm1n1strat1on of ant1-

somatostat1n ant1sera 1n several spec1es tends to 1ncrease 

GH concentrat1ons and enhance growth rate. The spec1f1c 

effects on SS are not known, as SS levels were not est1mated 

1n the exper1ments. 

Mart1n (1979) has descr1bed a mechan1sm whereby SS 1s 

released from nerve term1nals, the cell bod1es of wh1ch 

ar1se from the med1al preopt1c area (MPOA) of the 

hypothalamus. Therefore, 1f neural 1nterconnect1ons ex1st 

between the MPOA and the VMH, 1t 1s plaus1ble that SS acts 

as a neurotransm1tter to regulate the secret1on of GRF at 

the level of the hypothalamus 1n add1t1on to 1ts p1tu1tary 

effects. It has been suggested that hypothalam1c SS 

secret1on 1s controlled by preopt1c and adenohypopyseal 

pathways that serve to regulate ss-conta1n1ng neurons 1n the 

hypophys1otrop1c area (Re1chl1n, Saperste1n, Jackson, Boyd & 

Patel, 1976) More recently, Ba1le (1983) has also 

suggested that the effects of GRF are pr1mar1ly 1nh1b1ted by 

SS Cron1n, Rogel & Thorner (1982) have reported that 1n 

v1 tro, hpGRF 1ncreases 1ntracellular cAMP 1n 

and SS attenuates th1s r1se, thus prov1d1ng 

somatotropes 

a plaus1ble 

mechan1sm of GRF and SS-med1ated pulsat1le GH release In 

add1t1on, the GH-releas1ng act1v1ty of GRF by th1s group was 

observed to be strongly potent1ated by pretreatment of cells 

w1 th glucocort1co1ds and the thyro1d hormones Tannenbaum 

(1984) has also descr1bed a poss1ble mechan1sm whereby GRF 

and SS 1nteract to effect GH release, ut1l1z1ng a pass1ve 
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1mmun1zat1on techn1que w1th somatostat1n ant1serum and 

adm1n1strat1on of hpGRF 1nto the cerebral ventr1cles. The 

hpGRF produced a dose dependent 1nh1b1 t1on of GF. 

Immunoneutral1zat1on w1th SS ant1serum fa1led to restore 

the ampl1tude of GH surges over suppressed GH prof1les. It 

was concluded that a GRF-med1ated release of somatostat1n 

was therefore not the mechan1sm whereby hpGRF med1ated the 

the suppress1on of GH secret1on. Rather, 1t was suggested 

that hypothalam1c GRF 1nh1b1ts 1ts own neurosecret1on 

through an ultrashort loop negat1ve feedback mechan1sm wh1ch 

removes GRF 1nduced st1mulaton of GH release, or by the 

release by GRF of another yet to be recogn1zed substance. 

Renaud (1967) has prev1ously descr1bed a mechan1sm of 

recurrent 1nh1b1 t1on whereby axon collateral term1nals of 

pept1derg1c neurons term1nate d1rectly or 1nd1rectly on 

the1r cell or1g1n to 1nh1b1 t f1r1ng. The mechan1sm was 

prev1ously proposed by Motta, Fransch1n1 & Mart1n (1969) for 

the pathway of ultra-short loop feedback of GRF and recently 

for the release of somatostat1n (L1mpk1n & Negro-V1lar, 

1981) Th1s mechan1sm prov1des a poss1ble explanat1on of 

the phas1c nature of GH release 1n wh1ch bursts of GP are 

ev1dent at d1st1nct 1ntervals Fukata, Kast1ng & Mart1n 

(1985) ut1l1zed a push-pull perfus1on techn1que to 

1nvest1gate the role of SS 1n the suppress1on of GH 

secret1on In]ect1on of GP 1nto the med1an em1nence 

decreased GH levels wh1le exert1ng no effect on SS These j 

authors concluded that SS release was of m1nor 1mportance 1n 
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GH release and suggested that GRF was the maJor modulator of 

GH secret1on. 

Berelow1tz, Szabo, Frohman, F1restone, Chu & H1ntz 

(1981) have exam1ned the effect of somatomed1n C (SMC) on GH 

release Us1ng an 1n v1tro techn1que, lt was reported that 

SMC st1mulated a 390% 1ncrease 1n release of SS over basal 

levels w1th1n 20 m1n of 1ts add1t1on to the 1ncubat1on 

med1um. After 2 4 h of 1ncuba t1on, SMC had produced 9 0% 

1nh1b1t1on of the release of GH from adenohypophyseal cells. 

These results suggest that SMC maybe 1nvolved 1n the GH 

negat1ve feedback loop both at the level of the hypothalamus 

1n the short term, and adenohypophys1s 1n the long-term 

The delayed response 1n the adenohypophys1s was postulated 

to be the result of changes assoc1ated w1th cellular 

metabol1sm rather than a s1mple block of act1v1ty. 

Growth Hormone Receptors 

D1str1but1on. The maJorl ty of the work publ1shed 1n 

the past several years lS 1n general agreement that GH 

exerts much of 1ts growth-promot1ng effects v1a the 

st1mulat1on of release of IGF-1 from the l1ver and probably 

other organs.(Daughaday, 1981; Etherton & Kens1nger, 1985) 

From the 1n1t1al observat1ons concern1ng the IGF-1 

releas1ng act1on of GH, 1t was postulated that s1nce the 

l1ver was the pr1mary Slte of IGF-1 secret1on, receptors for 

GH were exclus1vely restr1cted to th1s locat1on S1nce 

then, however, us1ng rad1o1od1nated GH, the d1str1but1on of 
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GH b1nd1ng s1tes have been 1dent1f1ed 1n a number of other 

t1ssue , both 1n v1vo and 1n v1tro. Stud1es of th1s nature 

have demonstrated GH b1nd1ng to ad1pocytes and cultured 

pread1pocytes (N1xon & Green, 1983), lymphocytes (Lesn1ak, 

Gordon, Roth & Gav1n, 1974), pancreas, lung, spleen, heart 

(C1c1a-Torres, Turyn & Dellacha, 1983: Kostyo, 1985), 1n 

add1t1on to hepatocytes (Mess1na, Eden & Kostyo, 1985). 

Receptor Stucture and Chem1stry. The chem1cal nature 

of the GH receptor has been stud1ed 1n a var1ety of the now 

recogn1zed t1ssue b1nd1ng s1tes. In hepatocyte, lymphocyte 

and ad1pocyte cultures, the nat1ve receptor appears to be a 

glycoprote1n complex of 200 to 300 kd (Walker & Fr1esen, 

1979: Donner, 1983: Hughes, S1mpson & Fr1esen, 1983: Carter-

Su, Schwartz & K1kuch1, 1984). A smaller, 130 kd structure 

has also been 1solated wh1ch may represent a subun1t of the 

GH receptor, but 1ts s1gn1f1cance 1s not yet clear (Donner, 

1983: Carter-Suet al., 1984). 

Due to the d1verse metabol1c act1ons of GH, 1t has been 

suggested that a heterogenous populat1on of GH receptors 

ex1sts rather than a s1ngle receptor type (Kostyo, 1985). 

In many spec1es thus stud1ed, attachment of GH to 1ts 

receptor results 1n a d1abetogen1c state character1zed by 

hyper1nsul1nem1a and hyperglucosem1a. In add1t1on, GH 

produces trans1ent 1nsul1n-l1ke effects character1zed by 
I 

hypoglycem1a produced by 1ncreased cellular glucose uptake 

and decreased hepat1c gluconeogenes1s. These effects have 

been ascr1bed to 1ntr1ns1c propert1es of the GH receptor and 
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poss1bly GH 1 tself, rather than art1facts resul t1ng from 

1mpur1t1es. Th1s has been demonstrated through the use of 

recomb1nantly der1ved meth1onyl hGH wh1ch exh1b1ts all of 

the aforement1oned character1st1cs (Kostyo, Genn1ck & 

Sauder, 1984). 

An alternat1ve suggest1on wh1ch has been made 

concern1ng the mult1pl1C1ty of act1on of GH 1s the GH 

molecule may possess more than one act1ve s1te. Structure­

functlon stud1es of var1ous GH der1vat1ves of hGH and pGH 

fragments have demonstrated that structural mod1f1cat1ons 

can produce changes 1n the mode of act1v1ty of GH (Goodman & 

Kostyo, 1981, Genn1ck, Kostyo, M1lls & Eden, 1983), 

suggest1ng several act1ve s1tes per molecule and poss1bly 

d1fferent receptors spec1f1c to each s1te wh1ch ult1mately 

are respons1ble for the seem1ngly d1verse metabol1c act1ons 

of GH. 

Growth Hormone-Receptor Interact1on. As w1th 1nsul1n 

and many other pept1de hormones, the 1n1 t1al step 1s an 

1nteract1on w1 th the surface t1ssue receptor W'l th the 

advent of techn1ques to label polypept1de hormones, w1thout 

loss of act1v1ty (Hunter & Greenwood, 1962), 1t has been 

poss1ble to exam1ne the b1nd1ng character1st1cs of GH The 

b1nd1ng of GH to 1ts receptor 1s both t1me and temperature 

dependent w1th b1nd1ng equ1l1br1um decl1n1ng as temperature 

decreases from 37 to 15 C. Subsequent exper1ments also 

demonstrated a temperature dependency for b1nd1ng and 

conclus1vely demonstrated the presence of surface me~brane 
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receptors for GH (Lesn1ak et al., 1974). It has also been 

demonstrated that pretreatment of membrane preparat1ons w1th 

tryps1n results 1n a s1gn1f1cant decl1ne 1n GH b1nd1ng 

capac1 ty, suggest1ng GH b1nd1ng 1s dependent upon prote1n 

elements assoc1ated w1 th the plasma membrane (Lesn1ak et 

al , 1974). 

Another 1nterest1ng feature of GH b1nd1ng 1s the length 

of t1me necessary for GH occupat1on of the receptor to 

el1c1t 1ts anabol1c act1on. Observat1ons by Isaksson, 

Reagen & Kostyo (1976) have shown that only a short 

encounter of GH w1th 1ts receptor 1s necessary to produce a 

susta1ned metabol1c funct1on. 

The respons1vness of the GH receptor to GH also var1es 

w1th age. In the rat, GH respons1veness does not occur 

unt1l approx1mately 10 d of age after wh1ch norroal growth 

and development are totally dependent upon GH (Albertsson­

W1kland & Isakksson, 1976). Respons1veness then decl1nes 

w1th age. Th1s trend has been assoc1ated w1th changes 1n 

the GH receptor. Stud1es 1n the rat (Maes, deHertogh, 

Watr1n-Granger & Ketelslegers, 1983) and sheep (Gluckman, 

Butler & Ell1ot, 1983) have shown a reduced number of 

hepat1c GH receptors 1n the fetus and early neonate wh1ch 

1ncrease w1th age and then decl1ne. 

Other phys1olog1cal man1pulat1ons also alter GF 

respons1veness v1a receptor related phenomena. 

Hypophysectom1zed rats d1splay an 1ncreased sens1 t1v1 ty to 

GH wh1ch has been correlated w1th an 1ncrease 1n receptor 
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Postel-VJ.nay, 1984). 

B1nd1ng of GH J.S also 

admJ.nJ.stratJ.on of the hormone. 
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receptor affJ.nJ.ty (PJ.ckard & 

altered followJ.ng exogenous 

Kostyo (1985) has postulated 

that uPder these cond1t1ons, the GH receptor down-regulates 

and suggested thJ.s exper1mentally J.nducJ.ble phenomenon may 

explaJ.n the response of the target cell to the ep1sod1c 

nature of GH secretJ.on. ImmedJ.ately, follow1ng an ep1sode 

of GH release, the tJ.ssue receptor down regulates, makJ.ng 

the cell less responsJ.ve to further GH st1mulat1on, and then 

up-regulates dur1ng the nadJ.r and prepares the cell for the 

neyt GH surge. 

MetabolJ.c ActJ.ons of Growth Hormone. 

The regulatJ.on of cellular nutrJ.ent supply and 

utJ.lJ.zatJ.on by GH has been problematJ.c due to a combJ.natJ.on 

of extreme physJ.ologJ.cal complexJ.ty, experJ.mental varJ.atJ.on, 

lack of suJ.table measurement techn1ques, and 1mpur1t1es 1n 

the hormone preparatJ.ons be1ng used. These concerns and 

questJ.ons have been reflected 1n the GH-related lJ.terature 

whJ.ch has spanned over 50 years. Tak1ng all of thJ.s J.nto 

consJ.deratJ.on, however, there J.S l1ttle doubt that GH J.S 

J.ntJ.mately assocJ.ated w1th processes related to proteJ.n, 

l1p1d and carbohydrate metabolJ.sm. 
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Prote1n Metabol1sm 

The overall act1ons of GH related to prote1n metabol1s~ 

results 1n a pos1t1ve n1trogen balance due to a st1mulat1on 

of prote1n synthes1s 1n muscle, l1ver and other organs. 

Therefore, GH has long been recogn1zed as an anabol1c 

hormone 1n terms of 1ts effects on prote1n metabol1sm. 

Early work by Evans & S1mpson (1931) demonstrated th1s 

property by 1ncreas1ng the bodywe1ght of rats by the 

adm1n1strat1on of bov1ne growth hormone (bGH) S1mpson 

(1949) establ1shed that the adm1n1strat1on of GH to 

hypophysectom1zed rats allev1ated the depressed growth and 

assoc1ated synthes1s of l1ver prote1n and RNA. Kostyo & 

Knob1l (1959) and Manchester & Young (1959) observed the 1n 

v1tro GH-med1ated 1ncorporat1on of am1no ac1ds 1nto 1solated 

d1aphragm t1ssue of rats. These effects were argued to be 

the result of GH st1mulat1ng the release of 1nsul1n from the 

pancreas (Young, 1945). In later exper1ments, GH appeared 

to modulate rat l1ver 1ncorporat1on of am1no ac1ds 1nto 

prote1n 1n v1tro (Korner, 1961), and also to ass1st tRNA 

translat1on (Korner & Grumbley, 1966, Korner, 1967). Pegg & 

Korner (1965) reported the RNA-polymer1zat1on act1v1ty of 

rat l1ver nucle1 was st1mulated 1n GH treated rats. 

Jefferson & Korner (1967), 1nfused rat l1vers 1n s1tu w1th 

GH and observed an accentuated 1ncorporat1on of labelled 

am1no ac1ds 1nto prote1n and precursors 1nto nucle1c ac1ds 

by GH w1th1n 30 m1n of 1ts add1t1on The concentrat1ons of 

am1no ac1ds to effect th1s enhancement, however, were three 



51 

t1mes h1gher than normal phys1olog1cal levels The h1gher 

requ1rement suggested that an am1no ac1d had become l1m1t1ng 

dur1ng the perfus1on. In add1t1on, GH also s1gn1f1cantly 

1ncreased the labell1ng of nucle1c ac1ds by tr1t1ated orot1c 

ac1d 1n both normal and hypophysectom1zed rats. Th1s was 

not thought to be an 1nsul1n-med1ated effect as Exton, 

Jefferson, Butcher & Park (1966) had prev1ously 1nd1cated 

that 1nsul1n suppressed approx1mately 50% 

glucose product1on. In th1s exper1ment, 

of net hepat1c 

the add1 t1on of 

1nsul1n produced a substant1al 1nh1b1t1on of hepat1c glucose 

output, 1nd1cat1ng 1nsul1n was not med1at1ng prote1n and 

nucle1c ac1d anabol1c effects, but was rather a consequence 

of GH act1on. The propos1 t1on that 1nsul1n med1ated GH 

effects was based upon the theory of Randle, Garland, Hales, 

Newsholn (1963) wh1ch stated that GH evokes rap1d 1ncreases 

1n plasma free fatty ac1ds (FFA) wh1ch produces the1r 

preferent1al use as opposed to glucose. Th1s s1tuat1on 

leads to 1ncreased per1pheral glucose concentrat1ons and the 

subsequent secret1on of 1nsul1n wh1ch 1n turn st1mulates the 

uptake of arn1no ac1ds. 

Kostyo (1968) conducted a ser1es 

determ1ne the mechan1sm whereby GH 

of exper1ments 

st1mulates RNA 

to 

and 

prote1n synthes1s ut1l1z1ng the l1ver perfus1on techn1que of 

Jefferson & Korner (1967). Us1ng hypophysectom1zed rats, 

the add1t1on of GH perfus1on med1um produced an 1ncrease 1n 

hepat1c RNA synthes1s and r1bosome act1v1ty, whereas no 

changes were noted 1n controls. It was concluded that GH 
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was an anabol1c hormone. In these stud1es, am1no ac1d 

transport was not st1mulated 1mmed1ately, but lagged 10 to 

20 m1n follow1ng GH add1t1on to 1solated d1aphragm t1ssue of 

hypophysectom1zed rats. Secondly, when prote1n synthes1s 

was blocked w1th cyclohexam1de or puromyc1n, the effect on 

am1no ac1d uptake was 1nh1b1ted, 1nd1cat1ng that GH med1ated 

uptake of am1no ac1ds was dependent upon prote1n synthes1s. 

Talwar, Gupta & Gros (1964) had prev1ously noted the 

1ncorporat1on of rad1oact1ve precursors 1nto l1ver prote1n 

was 1ncreased by GH adm1n1strat1on. Th1s group concluded 

that the effect of the hormone was assoc1ated w1th the rate 

of RNA synthes1s. In add1 t1on to the 1ncreased synthet1c 

rate due to enhanced r1bosomal attachment to mRNA, Korner 

(1970) also noted the 408 subun1t of the r1bosomes 1n 

hypophysectom1zed rats were def1c1ent 1n the1r 1ncorporat1on 

of am1no ac1ds. Complete funct1on was restored w1 th GH. 

More recently, Albertsson-Wlkland, Eden & Isaksson (1980), 

us1ng a rat model, reported GH st1mulated prote1n synthes1s. 

Chung and coworkers (1985) lnJeCtlng h1ghly pur1f1ed porc1ne 

growth hormone (pGH) to grow1ng p1gs observed an 1ncrease 1n 

muscle mass wh1ch was expla1ned on the bas1s of a 

st1mulatory act1on of the hormone on prote1n synthes1s In 

these exper1ments plasroa blood urea n1trogen (BUN) was also 

depressed wh1ch was postulated be a pGH-med1ated decrease 1n 

hepat1c am1no ac1d ox1dat1on 



53 

Growth Hormone and the Somatomed1ns 

Salmon & Daughaday (1957) f1rst demonstrated the 1n 

v1tro 1ncorporat1on of rad1oact1ve sulfate 1nto chondro1t1n 

sulfate of cart1lage from hypophysectom1zed rats was 

depressed. However, when serum from normal rats was added 

to the med1um or rats were pre-treated w1th GH, the rate of 

sulfate 1ncorporat1on was restored. On the other hand, the 

d1rect add1 t1on of GH resulted 1n no st1mulatory effect. 

From these exper1ments, the ex1stence of serum growth 

factors was recogn1zed. In 1978 R1nderknecht & Hurn.bel 

successfully 1solated and sequenced what was called 1nsul1n 

l1ke growth factor-1 (IGF-1) from serum (R1nderknecht & 

Hurnbe1, 1978). Insul1n l1ke growth factor-! 1s a member of 

a fam1ly of pept1des wh1ch d1splay 1nsul1n-l1ke and growth­

promot1ng propert1es. D1fferent1al act1ons w1th1n th1s 

fam1ly has been recogn1zed, namely mult1pl1cat1on 

st1mulat1ng act1v1ty (MSA), 1nsul1n l1ke act1v1ty (ILA) and 

sulfat1on factor act1v1ty (SFA). The fam1ly 1s collect1vely 

referred to as the somatomed1ns. The pref1x, 'soma to' 

1nd1cates the relat1onsh1p to somatotrop1n (GH) and to 

growth of the soma, wh1le "med1n" denotes the1r act1on 1n 

med1at1on of the effects of GH (Daughaday, Hall, Raben, 

Salmon, Van den Brande & Van Wyk, 1972) 

W1th the advent of RIA, 1t became apparent that there 

was a substant1al amount of ILA that was not due to 

1rnmunoreact1ve 1nsul1n Froesch et al (1963) ces1gnated 

th1s unbound 1nsul1n l1ke compound, non-suppress1ble 1nsul1n 
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l1ke act1v1ty (NSILA). Two futher subclasses of NSILA are 

recogn1zed, an ac1d ethanol soluble form, NSILA-S (Froesch 

et al , 1967) , and an ac1d stable form, NSILA-P 

(Poffenbarger, 1975). Furthermore, NSILA-S conta1ns the two 

b1olog1cally act1ve pept1des, IGF-1 and IGF-2 (R1nderknect & 

Humbel, 1976). Assoc1ated w1th NSILA, wh1ch became ev1dent 

upon further pur1f1cat1on, were three d1st1ngu1shable 

compounds, wh1ch d1ffer 1n the1r charge and chem1cal 

character, somatomed1n-A, B and c. 

Somatomed1n-A (SMA) 1s a neutral pept1de wh1ch 

st1mulates the 1ncorporat1on of sulfate 1nto ch1ck 

cart1lage. Recent ev1dence has suggested that SMA and IGF-2 

are 1dent1cal (Daughaday, 1982). Somatomed1n-B (SMB) 1s an 

ac1d1c pept1de wh1ch has been observed to st1mulate the 

1ncorpororat1on of thym1d1ne 1nto DNA gl1al cells. As of 

1978, however, SMB was no longer cons1dered a part of the 

somatomed1n fam1ly due to other cons1derat1ons (Fryklund & 

S1evertsson, 1978). Somatomed1n-c (SMC) 1s a bas1c pept1de 

wh1ch st1mulates both sulfate and thym1d1ne uptake 1nto rat 

cart1lage (Hall, 1975). SMC 1s nearly 1dent1cal 1n 

structure to IGF-1 (Van Wyk, Svoboda & Underwood, 1980; 

Klapper, Svoboda & VanWyk, 1983). 

It 1s rem1ss to d1scuss GH w1thout cons1derat1on of the 

somatomed1ns as 1t 1s clear that many of the growth­

promot1ng effects of GH such as am1no ac1d uptake, prote1n 

synthes1s, RNA and DNA synthes1s are heav1ly assoc1ated w1th 

the act1on of the somatomed1ns (Daughaday, 197 2) Many 
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excellent revlews are avallable concernlng the role of the 

somatomedlns ln medlatlng the effects of GH (Phllllp & 

Vassllopoulou-Sellln, 1980; Daughaday, 1982, Hall & Sara, 

1983). Recent attempts have been made concernlng the 

relatlonshlp between SMC and dlfferent rates of growth and 

body composltlon ln llvestock The results are llmlted and 

the accuracy of concluslons based on these experlments are 

questlonable due to experlmental deslgn and analytlcal 

technlques. Keeplng thls ln mlnd, however, Lunde-Larssen & 

Bakke (1975) reported SMC levels to be hlgher ln fast versus 

slow growlng plgs. Conversely, Gahagan, Martln & Leach 

(1980) were not able to demonstrate a dlfference ln SMC 

concentratlons ln older fast and slow growlng swlne 

populatlons. Lunde-Larssen (1977) reported hlgher SMC 

levels ln fast versus slow growlng bulls. Wangsness, Olsen 

& Martln (1981) found hlgher SMC levels ln fast as compared 

to slow growlng sheep. Chung, Etherton & Wlgglns (19 8 5) 

reported hlgher SMC concentratlons ln young swlne recelvlng 

chronlc GH therapy versus control plgs. 

There lS some lndlcatlon that not all metabollc actlons 

of GH are due to the dlrect actlon of SMC. Isaksson, 

Jansson & Gause (1982) noted the local admlnlstratlon of GF 

to the proxlmal cartllage plate of rat tlbla dlrectly 

stlmulated bone growth. Several other related experlments 

conducted ln a number of lndependent laboratorles (Eden, 

Isaksson & Martln, 1983, Madsen, Frlberg, Roos, Eden & 

Isaksson, 1983) have reported Slrnllar clrect actlons of GR. 
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It 1s clear that further eluc1dat1on of the d1rect and 

1nd1rect act1ons of GH and the relat1onsh1p to the 

somatomed1ns w1ll rema1n an act1ve area of 1nvest1gat1on. 

Carbohydrate and L1p1d Metabol1sm 

It has been establ1shed that GH plays a role 1n the 

regulat1on of carbohydrate and l1p1d metabol1sm. As W1th 

1ts other metabol1c effects, 1ts modulat1on of carbohydrate 

and l1p1d ut1l1zat1on are complex and demonstrate 

cons1derable d1vers1ty 1n act1on. Debodo and Altzuler 

(1957) observed GH to both 1ncrease and decrease glucose 

concentrat1ons 1n the blood. S1m1larly, Sw1skock1 & Szego 

(1965) noted a dual role of GH 1n both 1ncreas1ng and 

decreas1ng plasma free fatty ac1d (FFA) , wh1le Goodman 

(1965) reported GH both st1mulated and 1nh1b1ted the 

synthes1s of long cha1n fatty ac1ds 1n ad1pose t1ssue. 

These seem1ngly oppos1ng effects of the sai"le hormone 

have been suggested to be the result of GH possess1ng both 

early and late effect (Goodman, 1968). In general, the 

early effects of GH are descr1bed as 1nsul1n-l1ke and favor 

glucose and fat storage. The t1me frame of these effects 1s 

generally w1 th1n an hour. Other factors can, however, 

enhance and lengthen the durat1on of these early effects 

For example, Goodman (1965) has reported h1gh carbohydrate 

conta1n1ng d1ets, as well as hypophysectomy can lengthen the 

durat1on of the early effects The late effects of GH wh1ch 

are more commonly recogn1zed as the normal or true 
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phys1olog1cal act1on of the hormone are ant1-1nsul1n l1ke 1n 

that the ut1l1zat1on of glucose 1s reduced at the expense of 

mob1l1z1ng stored fat for energy. Concom1tantly w1th 

1ncreased l1p1d mob1l1zat1on, fatty ac1d synthes1s 1s 

depressed (Goodman, 1963; Goodman, 1965, Goodman, 1966) 

These effects generally occur at least 2 h follow1ng the 

adm1n1strat1on of GH 1n v1vo or 1n v1tro. Exper1ments 

eluc1dat1ng the long and short term effects of GH by Goodman 

(1968) demonstrated the acute effects of GH on glucose 

metabol1sm were the result of GH produc1ng a trans1ent 

1ncreased permeab1l1ty to glucose. It was further concluded 

that th1s 1nsul1n-l1ke effect lasted approx1mately 2 h and 

was reversed by cellular processes that were dependent upon 

RNA and prote1n synthes1s. An exam1nat1on of the late 

effects of GH were also conducted to assess the extent and 

mechan1sm whereby the net ut1l1zat1on of glucose and a 

resultant decrease 

product1on occurred. 

1n fatty ac1d synthes1s 

It was found that the 1nh1b1tory 

effect of a s1ngle 1n]ect1on of GH 1n ad1pose t1ssue exc1sed 

3 h post 1n]ect1on from hypophysectom1zed rats resulted 1n 

depressed metabol1sm of glucose, pyruvate and fructose. The 

decrease 1n pyruvate ut1l1zat1on 1nd1cated GH exerted 1 ts 

1nfluence on steps other than glucose transport and also 

late 1n the metabol1c scheme. The enzyme pyruvate 

decarboxylase was chosen as a probable s1te of GH 

S1nce pyruvate metabol1sm 1s known to be 

sens1t1ve to ava1lable CoA, and GH was proposed to 1ncrease 
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llpolysls and fatty acld oxldatlon, CoA would become 

llmltlng Furthermore, the re-esterlflcatlon of FFA would 

tend to drlve pyruvate to glycerol thereby decreaslng the 

amount of pyruvate avallable for decarboxylatlon. 

Unfortunately, these experlments falled to demonstrate 

lncreaed llpolysls assoclated Wlth GH treatment. Followlng 

these lnltlal endeavors, other lnvestlgators have reported 

lnconslstent flndlngs concernlng the llpolytlc effects of 

GH. Results of experlments conducted Wlth pltUltary lntact 

rats revealed a GH-medlated moblllzatlon of fats from 

adlpose whlch was reflected ln lncreased plasma levels of 

non-esterlfled free fatty aclds (Goodman & Knobll, 1961), lt 

was suggested, however, that glucocortlCOlds played an 

lmportant role ln thls llpolytlc actlon. 

Hertelendy & Klpnls (1968) produced 

Machlln, Rorlno, 

lncreased FFA 

concentratlons ln pGH lnJected swlne whlch lndlcated the 

posslblllty of a llpolytlc actlon. In 1972, however, uslng 

a more purlfled source of pGH and lnJeCtlng swlne dally for 

8 weeks, an examlnatlon of several carcass lndlces showed 

decreased llpld accretlon. Thls was not attrlbuted to 

llpolysls, and lt was concluded that the purlflcatlon of the 

pGH preparatlon resulted ln the loss of thls speclflc 

lntrlnSlC actlVlty. Chung et al (1985) admlnlsterlng a 

hlghly purlfled source of pGH to growlng barrows observed a 

50% lncrease ln lntramuscular llpld of the longlSSlmus 

muscle and tended to lncrease plasma FFA levels but not 

slgnlflcantly Bauman, Elsemann & Currle (1982) lndlcated 
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that spec1f1c GH preparat1ons conta1n GH var1ants 1n 

add1t1on to the 22 kd form. Upon pur1f1cat1on, 1n v1tro 

effects are lost. Both pGH and bGH follow1ng pur1f1cat1on 

fa1led to st1mulate l1p1d mob1l1zat1on (Assa & Laron, 1977; 

Fr1ger1, 1980). Lew1s, S1ngh, Tutwe1ler, S1egel & 

Vanderlaan (1980) has also demonstrated pur1f1ed sources of 

GH are devo1d of SFA, and the character1st1c 1nsul1n­

antagon1st1c effect. It 1s 1nterest1ng to note, however, 

that the enzymat1c cleavage of some of these preparat1ons 

has rendered the hormone act1ve and may therefore represent 

an 1mportant requ1s1te 1n 1n1t1at1ng phys1olog1cal effects. 

More recently Goodman & Gr1tch1ng (1983) and Goodman (1984) 

1nvest1gated the poss1b1l1 ty that the l1polyt1c act1ons of 

the hormone were attr1butable to a contam1nant of GH 

preparat1ons. The same hormone preparat1on used 1n earl1er 

exper1ments that was concluded to conta1n an ac1d1c 

contam1nant (Fr1ger1, 1980) wh1ch, once 1solated from the GH 

preparat1on, left GH devo1d of l1polyt1c act1v1 ty. Upon 

1solat1on and subsequent tests of l1polyt1c potent1al of hGH 

and th1s ac1d1c compound from a s1ngle hGH preparat1on 

revealed both to 1ncrease l1polys1s 1n the presence of .1 

ug/ml of dexamethazone after 1 h The ac1d1c component was 

character1zed and determ1ned to be a var1ant of GH wh1ch was 

able to b1nd the GH receptor and exert l1polyt1c effects. 

Therefore the exper1ments d1d not prov1de 1nformat1on 

contrary to the l1polyt1c role of GH. The phys1olog1cal 

s1gn1 f1cance, 1 t was concluded that 1n normal cond1 t1ons, 
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there 1s l1ttle phys1olog1cal demand for l1p1d mob1l1zat1on. 

In fact, 1n many spec1es, s1tuat1ons requ1r1ng l1p1d 

mob1l1zat1on are assoc1ated w1th stress and, under these 

cond1 t1ons, GH secret1on 1s depressed. Therefore, 1 t 1s 

poss1ble that the phys1olog1cal role of GH as 1t relates to 

l1p1d metabol1sm 1s to ma1nta1n the funct1onal 1ntegr1ty of 

the l1polyt1c mach1nery rather that s1gnal1ng the l1polyt1c 

process. Recently, Chung et al. (1985) has hypothes1zed 

that GH potent1ates the response of the ad1pose to other 

agents such as the glucocort1co1ds and ep1nephr1ne, but 1s 

not l1polyt1c 1n 1tself. 

In summary, s1nce GH seem to effect metabol1sm at many 

levels, there would appear to be substant1al potent1al for 

1 t use 1n the l1vestock 1ndustry as a growth promotant to 

ult1mately 1mprove growth performance. There are yet some 

quest1ons rema1n1ng concern1ng 1ts d1rect mode of act1on and 

also w1th 1ts 1nd1rect act1on 1n med1at1ng the release of 

the somatomed1ns. More 1nformat1on address1ng these 

quest1ons w1ll have to be made ava1lable before th1s 

technology can be the most eff1c1ently appl1ed 1n the 

l1vestock 1ndustry. 
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CHAPTER III 

GROWTH HORMONE, INSULIN AND GLUCOSE 

PLASMA PATTERNS IN GILTS SELECTED 

FOR RAPID VERSUS SLOW 

GROWTH RATE 

Summary 

F1.fteen g1.lts from two l1.nes of sw1.ne developed from 

1.nter se mat1.ngs of a compos1.te of purebred Duroc, Landrace, 

Spot, Hampsh1.re and Yorksh1.re breeds selected for rap1.d 

versus slow growth through f1.ve generat1.ons dur1.ng the 

grow1.ng-f1.n1.sh1.ng per1.od were exam1.ned for d1.fferences 1.n 

the1.r twelve hour plasma prof1.les of growth hormone (GH) , 

1.nsul1.n and glucose Growth hormone patterns 1.n rap1.d 

growth l1.ne g1.lts (RGL) was best descr1.bed by an 8th order 

polynom1.al regress1.on equat1.on (P<.OS) wh1.le the pattern of 

GH secret1.on 1.n slow growth l1.ne g1.lts (SGL) was best 

descr1.bed by a 5th order polynom1.al equat1.on. Mean GH 

concentra t1.ons 1.n SGL and RGL g1.l ts were 4. 0 6 and 3 17 

ng/ml, respect1.vely (P<.07). D1.fferences 1.n mean GH 

concentrat1.on were paralleled by plasma prof1.le area (PPA) , 

w1.th greater (P= 08) area for SGL than RGL g1.lts Mean 

~ax1.mum GH concentrat1.on and mean peak ampl1.tude also tended 

to be greater for SGL than RGL g1.lts (P< 10) Insul1.n 

89 
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plasma prof1les 1n RGL and SGL g1lts were descr1bed by lOth 

and 5th order polynom1al regress1on equat1ons, respect1vely 

(P<.OS) Insul1n concentrat1ons were h1gher (P<.OOOl) for 

RGL as compared to SGL g1lts, however, no d1fferences were 

observed 1n PPA between the two l1nes. Glucose plasma 

prof1les were d1fferent between the two l1nes and were 

l1near (SGL) and cub1c (RGL) w1th RGL g1lts exh1b1t1ng 

h1gher (P<.OOOl) plasma glucose concentrat1ons and greater 

PPA (P<.OS) than SGL g1lts. The number of glucose secretory 

events tended to be h1gher for RGL than SGL g1lts (P<.lO). 

These results 1nd1cate the suggested d1abetogen1c effect of 

GH may be ev1dent 1n rap1dly grow1ng p1gs wh1ch d1ffer 1n 

the1r secretory patterns of GH but wh1ch exh1b1t lower 

overall mean GH concentrat1ons. 

Introduct1on 

For many years the focus of the l1vestock 1ndustry has 

been the opt1m1zat1on of genet1c potent1al and env1ronmental 

factors wh1ch 1mpact product1on and ul t1mately affect the 

rate and compos1t1on of postwean1ng growth Through 

1mprovements 1n herd health, reproduct1on, select1on 

programs, nutr1t1on and env1ronmental phys1ology, 

cons1derable progress 1n product1on eff1c1ency has been 

atta1ned (Harb1son, Goll, Parr1sh Wangard & Kl1ne, 1978) 

Recent development of techn1ques w1th the potent1al of 

produc1ng unl1m1ted quant1t1es of spec1f1c regulatory 

prote1ns has sh1fted emphas1s toward the 1nvest1gat1on of 
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new methods to produce more rap1d and phys1o1og1cally 

1ntegrated 1mprovements 1n growth and lean t1ssue feed 

convers1on. 

The endocr1ne system has been recogn1zed as a key 

regulator of the growth process, and 1s therefore an 

1mportant l1nk between the genet1c and ult1mate phenotyp1c 

express1on of econom1cally 1mportant tra1ts (S1ers & Hazel, 

1970, Buhl1nger, Wangsness, Mart1n & Z1egler, 1978, Ohlson, 

Dav1s, Ferrell & Jenk1ns, 1981: Etherton & Kens1nger, 1984, 

Chung, Etherton & W1gg1ns, 1985). The man1pulat1on of the 

endocr1ne system, therefore, may be a v1able means whereby 

more rap1d 1mprovements 1n product1on eff1c1ency can be 

ach1eved. Hence, a clear understand1ng of the 1mpact of 

current product1on pract1ces, such as select1on for growth 

rate, on the endocr1ne system 1s requ1s1te to the 

appl1cat1on of th1s technology to the l1vestock 1ndustry. 

Th1s study was undertaken to more prec1sely exam1ne how 

select1on for 1ncreased growth rate 1s related to the level 

and pattern of two growth-related hormones and a metabol1c 

nutr1ent. The plasma prof1les of porc1ne growth hormone, 

porc1ne 1nsul1n and glucose 1n young g1lts from two l1nes 

selected for rap1d versus slow growth were assessed to more 

clearly def1ne the 1nfluence of select1on for growth on the 

endocr1ne system of the p1g. 

I, 

I, 

I 
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Mater1als and Methods 

An1mals and Management 

Two l1nes of p1gs developed from 1nter se mat1ngs of a 

compos1te of purebred Duroc, Landrace, Hampsh1re, Spot, and 

Yorksh1re breeds were selected for f1ve generat1ons dur1ng 

the grow1ng-f1n1sh1ng per1od for rap1d (RGL) versus slow 

growth ( SGL) • L1 tters were kept w1 th the1r dams unt1l 

wean1ng at 8 wks of age and then grouped w1th genet1c 

contemporar1es to y1eld a dens1ty of 16 to 18 p1gs per pen 

per genet1c group. Creep rat1ons were formulated to conta1n 

18% crude prote1n. The grow1ng-f1n1sh1ng rat1ons wh1ch were 

fed beg1nn1ng at 12 wks of age was formulated to conta1n 16% 

and 14% crude prote1n, respect1vely. 

Data obta1ned from prev1ous generat1ons of these l1nes 

1nclude 1nd1v1dual ga1n, pen feed eff1c1ency as well as feed 

eff1c1ency and ga1n of full versus l1m1 t fed ( 90%) pa1rs, 

and ultrason1c backfat measurements. 

Exper1mental Method and Procedure 

For th1s exper1ment, e1ght g1lts from the RGL w1th an 

average bodywe1ght of 52.6 kg and average da1ly ga1n of .69 

kg/d, and seven g1lts from the SGL w1th an average 

bodywe1ght of 51 7 kg and an average da1ly ga1n of .56 kg/d 

were A summary of growth and carcass 

character1st1cs of the 1985 October-September farrow1ng 

populat1on of barrows and g1lts from wh1ch p1gs were 
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selected for study 1.s shown 1.n Table 1. P1.gs from the 

RGL grew 25 percent faster, had 6 percent greater 

back fat and produced carcasses that were 17 percent 

fatter compared to SGL p1.gs. Conversely, SGL barrows and 

g1.lts produced carcasses that were approx1.mately 11% leaner 

compared to RGL p1.gs. P1.gs most closely perform1.ng at the 

average of each selected growth l1.ne were chosen for the 

exper1.ment. Character1.st1.cs of the sample populat1.on are 

l1.sted 1.n Table 2. 

A tygon, m1.crobore tub1.ng catheter (1.27 mm ID x .51 mm 

OD), coated w1.th 7% TDMAC-hepar1.nl was placed 1.ntravenously 

1.n the prox1.m1. ty of the cran1.al vena cava of each an1.mal. 

Ketam1.ne-sulfate anesthes1.a, us1.ng the prescr1.bed dosages 

for 1.ntramuscular use 1.n 50 kg sw1.ne was used 1.n th1.s 

procedure. The catheter was anchored by a suture at the 

po1.nt of exter1.or1.zat1.on, and the d1.stal end was brought to 
I 

a dorsal m1.dpo1.nt on each an1.mal caudal to the ears, f1.tted 

w1.th a luer stub adapter (16 guage), capped, housed 1.n a 

Whl.rl-Pac bag and securely taped 1.n place. Follow1.ng 

catheter1.zat1.on, p1.gs were allowed to recover for 72 h, to 

m1.n1.m1.ze effects of surg1.cal stress on hormonal prof1.les. 

Dur1.ng th1.s adaptat1.on per1.od several blood samples were 

collected through the catheters to 1.nsure the1.r patency and 

to serve as part of the adaptat1.on procedure. For the 

durat1.on of the adaptat1.on per1.od and exper1.ment, p1.gs were 

ma1.nta1.ned 1.n 1nd1.v1.dual steel metabol1.sm crates, at an 

1 Polysc1ences, Inc , Warr1ngton, PA , Ctlg No. 3813 



TABLE 1 

SUMMARY OF SELECTED GROWTH AND CARCASS CHARACTEFISTICS 
OF BARROWS AND GILTS FRO~ THE 

OCTOBER-SEPTEMBER FARROWING 

GROWING PHASE 

ADG 

LINE N (kg/d) F/Ga Fib 

FGL 285 .740 2.76 3 61 

SGL 185 594 2 77 2.05 

a Feed effl.cl.ency, kg feed/kg 
h Feed 1ntake, kg feed/day 

PROBE 

BF (mm) 

31 44 

29.57 

qal.n 

100 KG 

%LEA'I'\J 

37.62 

41.64 

%FAT 

19 71 

16 81 

94 



LINE 

RGL 

SGL 

n 

8 

7 

TARLE 2 

SAMPLE POPULATION CHARAC~FRISTirS 

BW 

(kg) 

52.6 

51.7 

ADG 

(kg/d) 

69 

56 

AGF 

(d) 

114 

130 

95 
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average amb~ent temperature of 25 C. A 14 h l~ght 10 h dark 

l~ght~ng cycle was ~mposed w~th an ~ncandescent source to be 

cons~stent w~th the current photoper~od. A total of 

2000 g/d of a corn-soybean d~et formulated to conta~n .65 

percent lys~ne was consumed da~ly (Table 3) • Meals were 

offered from 0600to 0700 h and aga~n at 1700 to 1800 h. 

Free access to water was prov~ded. 

The exper~ment was des~gned to exam~ne plasma growth 

hormone, ~nsul~n and glucose plasma prof~les, ~n e~ght rap~d 

and seven slow grow~ng g~lts. At 0600 h on the sampl~ng 

day, 10 ml blood samples were obta~ned at 20-m~n ~ntervals 

for a 12 h per~od. Blood samples were collected ~nto pre­

ch~lled (4 C), 12 ml d~sposable syr~nges wh~ch conta~ned 400 

ul of ster~le 3% (w/v) sod~um c~trated sal~ne (.9%, w/v). 

After ~nvert~ng the syr~nges several t~mes, blood was 

carefully transferred ~nto ch~lled (4 C), 15 ml glass Pyrex 

culture tubes wh~ch conta~ned 200 ul (5400 KIU) of 

aprot~n~n2, a protease ~nh~b~tor. Samples were centr~fuged 

at 3000 x g for 20 m~nutes at 4 c, the plasma harvested and 

e~ght subsamples of each sample was al~quoted ~nto 1.5 ml 

con~cal polypropylene tubes and frozen at -20 C unt~l 

analyses were performed. 

Immunoreact~ve plasma ~nsul~n was est~mated by a 

mod~f~cat~on of the rad~o~mmunoassay or~g~nally descr~bed by 

Soeldner and Sloane (1965) Rad~o~od~nated porc~ne ~nsul~n 

was 48 to 52% prec~p~table by a 1 200,000 d~lut~on ~n assay 

2 
S~gma Chem~cal Co , St. Lou~s, MO., Ctlg No A6279. 



TABLE 3 

COMPOSITION OF DIFT 

Item 

a Ingred1ent Compos1t1on 

Corn, yellow (IFN 4-02-931) 
Soybean meal (IFN 5-04-604) 
D1calc1um phosphate 
Calc1um carbonate 
Salt 

b V1tam1n-trace m1neral prem1x 

a Chem1cal Compos1t1on 

a 

Calc1um 
Phosphorous 
Crude Prote1n 
Lys1ne 

Dry matter bas1s. 

% 

81 80 
15.65 

1 15 
80 
35 

.25 

62 
• 54 

14 00 
65 

97 

b Supplled 4,000,000 IU v1tam1n A, 3,000,000 IU v1tam1n D, 4 
g r1boflav1n, 20 g pantothenlc ac1d, 30 g n1ac1n, 800 q of 
chol1ne chlor1de, 15 mg v1tam1n B12, 10,000 IU v1tam1n E, 
2 g men1d1one, 200 mg 10d1ne, 90 g 1ron, 20 mg manganese, 
10 g copper, 90 g z1nc and 100 mg selen1um per ton of 
feed 



buffer (Append1x) of gu1nea p1g ant1-porc1ne 1nsul1n 

ant1serum3 used as the pr1mary ant1body. Porc1ne 125r-

1nsul1n w1th a spec1f1c act1v1ty of 87 uC1/ug was ut1l1zed 

as the rad1oact1ve compet1tor4. Each assay tube conta1ned 

100 ul of assay buffer, 100 ul sample or standard, 200 ul 

pr1mary ant1body, and 200 ul 125r-porc1ne 1nsul1n adJusted 

to 10,000 CPM. The react1on m1xture was 1ncubated for 18 

hours at 4 C. Separat1on of bound and free 125r-porc1ne 

1nsul1n was ach1eved by the add1t1on of 200 ul of a 1 10 

d1lut1on of goat ant1-gu1nea p1g IgG ant1serum (heavy and 

l1ght cha1n spec1f1c)5 followed by a 2 h 1ncubat1on at room 

temperature w1th subsequent centr1fugat1on at 3000 x g at 4 

C for 30 m1n. W1th the except1on of the total counts tube, 

the supernatant was d1scarded and the prec1p1tate was 

counted 1n a Packard Model 5330 Auto-Gamma Sc1nt1llat1on 

Spectrometer for 1 m1n. Standards conta1n1ng 2.5, 5, 10, 

25, SO, 100, h1gh and low concentrat1on 1nternal control 

samples and 200 uU/ml porc1ne 1nsul1n were assayed 1n 

tr1pl1cate w1 th each batch of unknowns Unknowns were 

assayed 1n dupl1cate and concentrat1on est1mates were 

calculated us1ng a log1t-log transformat1on. Reassay was 

employed on all sample repl1cates w1th a coeff1c1ent of 

var1at1on greater than 10% 

3 

4 

5 

Generously prov1ded by Dr W1ll1am Buh1, Un1vers1ty of 
Flor1da, College of Med1c1ne. 
New England Nuclear Products, Boston, MA., Ctlg No. NEX 
-104. 
Cooper B1omed1cal, Malvern, PA , Ctlg No 0107-0081, 
Lot 14066 
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Stepw1se d1lut1on of a 50 50 (v/v) pool of charcoal 

str1pped plasma (4 uU/ml) and 200 uU/ml porc1ne 1nsul1n 

standard and subst1tut1on of 50 ul of each standard w1th 50 

ul of charcoal str1pped plasma decreased b1nd1ng 1n a dose 

dependent, parallel fash1on relat1ve to the standard curve 

1n assay buffer alone (Append1x). Sens1t1v1ty of the assay 

was • 75 uU porc1ne 1nsul1n/tube w1th a mean ED 50 of 35 

uU/ml. Inter-assay and 1ntraassay coeff1c1ents of var1at1on 

were 10.8% (N=11) and 6.1% (N=25), respect1vely. 

Plasma porc1ne growth hormone (pGH) concentrat1ons were 

quant1f1ed by rad1o1rnmunoassay as or1g1nally descr1bed by 

Marple & Aberle (1972) w1th the follow1ng mod1f1cat1ons. 

Standards were prepared from d1lut1ons of a pGH6 stock w1th 

assay buffer (.01 M PBS plus 1% bov1ne serum album1n), to 

y1eld concentrat1ons of 1, 2, 4, 6, 8, 10, 15 and 20 ng/ml. 

The chloram1ne-T method for the rad1010d1nat1on of pGH 

(Greenwood & Hunter, 1963) as mod1f1ed by Kl1ndt (personal 

cornrnun1cat1on) ut1l1zed 5 ug pGH, 3 ug chloram1ne-T, 10 ug 

sod1um metab1sulf1te and 1 mC1 125r w1th a react1on t1me of 

60 seconds. The rad1010d1nated product was chromatographed 

on AG 1-X8, 200-400 mesh, chlor1de form an1on exchange 

res1n7, eluted w1th .05 M phosphate buffer, and 1 ml 

fract1ons collected. A t1ter of 1 40,000 of the pr1mary 

ant1body8 was used to ach1eve total b1nd1ng between 45 and 

6 

7 
8 

USDA pGH B-1 prov1ded by Dr. Doug Bolt, USDA, 
Beltsv1lle, MD 
BIO-RAD Laboratory, R1chmond, CA. 
Generously prov1ded by Dr Denn1s Marple, Auburn 
Un1vers1ty, gu1nea p1g ant1 pGH serum 202-7 
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50%. Total b1.nd1.ng non-spec1.f1.c b1.nd1.ng rat1.o was 90 1. 

Goat ant1.-gu1.nea p1.g IgG (heavy and l1.ght cha1.n spec1.f1.c)9 

was d1.luted 1 10 and comb1.ned w1.th a 6% (w/v) solut1.on of 

polyethylene glycol (MW-8000 daltons) 1.n assay buffer 

conta1.n1.ng 1% normal gu1.nea p1.g serum. Intra-assay and 

1.nter-assay coeff1.c1.ents of var1.at1.on were 4.2% (N=25) and 

11.2% (N=7) ng/ml, respect1.vely. Dose response curves for 

d1.lut1.ons of unstr1.pped porc1.ne plasma (2.0 ng/ml) were 

parallel to the standard curve between 1 and 25 ng/ml 

( Append1.x) • Plasma samples were assayed 1.n dupl1.cate and 

standards 1.n tr1.pl1.cate for each batch of unknowns. The 

sens1.t1.v1.ty of the assay was 3 ng/tube w1.th an ED f 11 5 • 50 0 • 

ng/ml 

Plasma glucose concentrat1.ons were assayed 

color1.metr1.cally by the glucose ox1.dase method w1.th the 

quant1.ty of o-d1.an1.sl.de-H2o 2 catalyzable by perox1.dase 

1.nd1.cat1.ng the quant1.ty of H2o 2 formed from the react1.on of 

glucose, H2o and 02 catalyzed by glucose ox1.dase10 • 

Stat1.St1.cal Analys1.s 

Data were analyzed as a spl1.t plot 1.n t1.me des1.gn us1.ng 
I 

least squares analys1.s of var1.ance procedures. The model 

for glucose, 1.nsul1.n and GH 1.ncluded the ma1.n effects of 

select1.on l1.ne, repl1.cat1.on and the appropr1.ate 

9 

10 

Cooper B1.omed1.cal, Malvern, PA. Ctlg No 0107-0081, 
Lot 15687. 
S1.gma Chem1.cal Co., St Lou1.s, MO., D1.agnost1.c K1.t 
No 520 
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1nteract1ons. Ma1n plot effects were tested w1th p1g w1th1n 

repl1cat1on by t1me as the appropr1ate error term Subplot 

effects 1nclud1ng sampl1ng t1me and 1nteract1ons 1nclud1ng 

sampl1ng t1me were tested w1th the res1dual. 

Polynom1al regress1on equat1ons were f1t to growth 

hormone, glucose and 1nsul1n concentrat1ons w1th t1me as a 

cont1nuous 1ndependent var1able. The overall degree of 

polynom1al selected was at the f1rst po1nt the h1ghest order 

polynom1al equat1on was s1gn1f1cant (P<.05) 

The area under each plasma prof1le curve for each p1g 

was calculated by def1n1ng and apply1ng to array data the 

trapezo1d summat1on algor1thm· 

where 

TOTAL AREA= I*(2*T0 + 2*T 1 +, ••• ,2*T 36 )*.5 

BASELINE AREA = [P] * TN 

ADJUSTED AREA = TOTAL AREA - BASELINE AREA 

I = the sampl1ng 1nterval, 

TO, T1, ••• ,T36 = sampl1ng t1mes, 

[P] = the mean concentrat1on of each plasma 

parameter, 

NT = the total number of sampl1ng t1mes and 

ADJUSTED AREA = area under the prof1le curve w1thout 

basel1ne. 

The PULSAR program of Merr1am & Watcher (1982) was 

employed to 1dent1fy and descr1be secretory events for GH, 

1nsul1n and glucose for each p1g. Est1mated parameters 
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1ncluded overall mean concentrat1on, basel1ne concentrat1on, 

peak number, peak ampl1 tude, max1mum ampl1 tude, m1n1mum 

ampl1tude, 1nter-peak 1nterval and peak durat1on. Est1mated 

parameters generated from PULSAR and adJusted area under 

each prof1le curve for each plasma parameter were exam1ned 

us1ng least squares procedures to determ1ne d1fferences 

between the two select1on l1nes. L1near correlat1on was 

used to exam1ne the relat1onsh1ps among plasma parameters 

w1th1n and between GH, 1nsul1n and glucose prof1les for the 

two select1on l1nes. 

Results 

A compar1son of PPA between SGL and RGL g1lts for GH, 

1nsul1n and glucose 1s presented 1n Table 4. Glucose PPA 

was greater for RGL compared to SGL g1lts (P<.OS). 

D1fferences 1n 1nsul1n concentrat1on tended to be h1gher for 

the RGL, however, d1fferences between select1on l1nes were 

non-s1gn1f1cant. Conversely, plasma GH PPA was greater for 

the SGL (P=.OB). 

Compar1sons of glucose plasma parameters calculated 

from the PULSAR program are presented 1n Table 5. Overall 

glucose concentrat1ons, wh1ch are the ar1thmet1c average of 

all temporal concentra t1ons, were h1gher ( P<. 0 5) for RGL 

than SGL g1l ts. L1kew1se, smoothed mean basel1ne 

concentrat1ons, the mean of all temporal concentrat1ons not 

contr1but1ng to pulse events, were h1gher (P<. OS) for RGL 

versus SGL g1lts Number of peaks over the 12 h per1od ~ere 
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greater (P<.lO) for RGL compared to SGL g1lts, 8.25 versus 

6 50, respect1vely. There were no d1fferences 1n max1mum, 

m1n1mum, average peak ampl1tude, peak durat1on or 1nterpeak 

1nterval for glucose between select1on l1nes. D1fferences 

1n the overall and smoothed mean concentrat1ons of 

glucose were assoc1ated w1th h1gher (P<. 0001) overall 

1nsul1n concentrat1ons 1n RGL versus SGL g1lts (Table 6). 

However, smoothed basel1ne 1nsul1n concentrat1ons were not 

s1gn1f1cantly d1fferent between l1nes. Max1mum 1nsul1n 

levels and mean peak ampl1tude both tended to be h1gher for 

the RGL, but were not s1gn1f1cantly d1fferent. L1kew1se, 

pulse durat1on and 1nterpeak 1ntervals both tended to be 

longer 1n RGL g1lts, however, no s1gn1f1cant d1fferences 

were observed. 

Compar1sons of 

presented 1n Table 7. 

h1gher for the SGL 

GH plasma prof1le parameters are 

Overall mean GH concentrat1ons were 

(P=. 0 6) smoothed mean GH 

concentrat1ons were not s1gn1f1cantly d1fferent. 

overall GH levels were paralleled by h1gher 

ampl1tude and max1mum concentrat1ons (P<.lO) 

compared to RGL g1lts. 

The h1gher 

mean peak 

for SGL 

Correlat1ons of GH plasma prof1le parameters w1th GH, 

1nsul1n and glucose paramters 1n RGL g1lts are tabulated 1n 

Table 8. As ant1c1pated, the number of GH pulses (NGH) was 

negat1vely correlated (P<.OOl) w1th the average 1nterpeak 

1nterval for GH (GHINT). In add1t1on, NGH was pos1t1vely 

correlated w1th the durat1on of glucose peaks (P<. 05) In 
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TABLE 4 

PLASMA PROFILE AREAS FOR GROWTH HORMONE, INSULIN "ND GLUCOSE 
I~ RAPID AND SLOW GROWTH LINE GILTS 

a 

be 

de 

PLASMA 
PROFILE 

Glucose 

Insull.n 

Growth Hormone 

SELECTION 
LINE 

SGL 

RGL 

SGL 

RGL 

SGL 

RGL 

AREA a 

62139 8b 

66062 8c 

17829.2 

18333.2 

?506.2d 

2219.7e 

Area = Total Area - Basel1ne Area. 

Means are d1fferent (P<.05). 

Means are d1fferent (P=.08). 

SEM 

1053 7 

1178 1 

526.9 

471 3 

104 6 

93.6 



TARLE 5 

GLUCOSF PLASMA PROFILF PARAMETERS IN RAPID AND SLOW GROWTH LINF GILTS 

Overall [Glucose] (mg/dl) 

Smoothed [Glucose] (mg/dl) 

Max1mum [Glucose] (mg/dl) 

M1n1mum [Glucose] (mg/dl) 

Number of Peaks 

Peak Ampl1tude (mg/dl) 

Peak Durat1on (m1n) 

Inter-Peak Interval (m1n) 

a Values 1n parenthes1s denote SFM 

be 
"~~~eans d1ffer (P< 05) 

de Means d1ffer (P< 1 0) • 

PLASMA GLTlCOSEa 

SGL RGL 

84.97 (1.42)b 90.50 (1.59)c 

80.41 (1.53)b 86.52 (1.70)c 

110.40 (4.22) 100.20 (3 77) 

72.12 (3.7q) 67.82 (3.39) 

6 50 ( 67)d 8.25 (.50)e 

14.90 (6 81) 19 45 (6.09) 

68 66 (6.?2) 64 12 (5 56) 

170 69 (10 49) 151.04 (9 39) 

1-' 
0 
U1 



TABLE 6 

INSULIN PLAS~A PROFILF PARAMFTFRS IN RAPID AND SLOW GROWTH LINF GILTS 

PLASMA INSULP\Ja 

SGL RGL 

-
Overall [Insul1n] (uU/ml) ?2.27 (.72)b 25.76 (.64)c 

Smoothed [Insul1n] (uU/ml) 21.55 ( 89) 21.51 ( 79) 

Max1mum [Insul1n] (uU/ml) 39.89 (2.44) 42.86 (2.19) 

M1n1mum [Insul1n] (uU/ml) 15.04 (. 9 3) 1'5.18 (. 8 3) 

Number of Peaks 6.75 (.55) 6.62 (. 4 9) 

Peak Ampl1tude (uU /ml) 9.57 (1.22) 12 39 ( 1. 09) 

Peak Durat1on (m1n) 55.76 (7.64) 63.57 ( 6 8 3) 

Inter-Peak Interval (m1n) 185.31 (25.40) 195 15 (?2. 72) 

a Values 1n parenthes1s denote SFM. 

be 
M~ans d1ffer (P<.0001) 

I-' 
0 
0'\ 



TARLB 7 

GH PLASMA PROFILE PARAMETERS -IN RAPID AND SLOW GROWTH LINE GILTS 

Overall [GH] (ng/ml) 

Smoothed [GH] (ng/ml) 

Max1mum [GH] (ng/ml) 

M1n1mum [GH] (ng /ml) 

Number of Peaks 

Peak Ampl1tude (ng /ml) 

Peak Durat1on (m1n) 

Inter-Peak Interval (mln) 

a Values 1n parenthes1s denote SEM. 

be Means d1ffer (P=.06). 

de Means d1ffer (P< 10) 

PLASMA GHa 

SGL 

4.06 ( 14) b 3.17 

2.56 ( 23) 2 32 

11.13 (.98)d 6.88 

1. 43 {. 05) 1.37 

6.50 (. 8 3) 6.88 

3.60 (.39)d 2.60 

62.27 (6.71) 56.36 

160.89 (20.56) 171.35 

RGL 

(.13)c 

(. /0) 

( 7 4) e 

(. 04) 

(. 7 4) 

(.34)e 

( 6 0 0) 

(18.34) 

1-' 
0 
-...1 



TABLE 8 

CORRELATIONS OF GH PLASMA PROFILE PARAMETERS WITH GH, INSULIN 
AND GLUCOSE PARAMFTFRSa IN RGL GILTS 

NGH CGH GHINT GHDUR NIN CIN ININT INDUR NGL CGL GLINT GLDUR 

NGH 

CGH 

GHINT 

GHDUR 

a 

b 

c 

NGH, No 
NIN, No 
1TISU11n 
glucose 

P< 001. 

P< 05. 

-.29 - 91b 33 .60 -.14 -.25 .21 -.45 -.25 .54 .soc 

45 02 -.43 10 .45 .24 .41 -.14 -.35 .02 

?9 .28 -.05 .28 -.19 .39 0 -.62 -.62 

.43 -.12 -.45 -.29 .07 -.40 .2<) .41 

GH peaks, CGH, [GH], GHINT, GH peak 1nterva1, GHDUR, GH peak durat1on; 
1nsul1n peaks, CIN,[1nsul1n]; ININT, 1nsu11n peak 1nterval; INDUR, 

peak durat1on; NGL, No. glucose peaks, CGL, [glucose]; GLINT, 
peak 1nterval, GLDUR, glucose peak durat1on 

f-' 
0 
(X) 
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SGL gJ.lts (Table 9), frequent GH pulsJ.ng was negatJ.vely 

assocJ.ated Wl. th GH peak J.nterval (P<. 0 5) , whJ.le brJ.ef GH 

pulses (GHDUR) were assocJ.ated (P<.05) WJ.th short GHINT. 

CorrelatJ.ons of J.nsulJ.n WJ.th GH, glucose and J.nsulJ.n 

plasma parameters J.n RGL gJ.lts (Table 10) J.ndJ.cated the 

number of J.nsulJ.n peaks (NIN) was negatJ.vely assocJ.ated wJ.th 

the length of the J.nterpeak J.nterval (P<oOl), and negatJ.vely 

assocJ.ated wJ.th the number of glucose peaks (P<o05) 0 

However, NIN was posJ.tJ.vely correlated WJ.th the glucose peak 

J.nterval (P<o01) o In relatJ.on to glucose, as NGL decreased, 

the NIN J.ncreased (P< 0 01) , and longer glucose J.nterpeak 

J.ntervals were posJ.tJ.vely assocJ.ated wJ.th a greater number 

of J.nsulJ.n pulses (P<o05)o Conversely, an J.ncreased 

frequency of glucose pulsJ.ng was posJ.tJ.vely assocJ.ated 

(P<o01) WJ.th amplJ.tude of J.nsulJ.n pulses (CIN) o A longer 

J.nsulJ.n J.nterpeak J.nterval (ININT) was assocJ.ated wJ.th 

J.nsulJ.n pulses of longer duratJ.on (P<. 0 5) o In the SGL 

(Table 11), only the J.nsulJ.n pulse amplJ.tude (CIN) was 

assocJ.ated (r=.79) wJ.th a greater J.nsulJ.n peak duratJ.on of 

(P<o05) 

In addJ.tJ.on to those relatJ.onshJ.ps of glucose wJ.th 

J.nsulJ.n, GH and glucose plasma events prevJ.ously descrJ.bed 

J.n the RGL, a negatJ.ve assocJ.atJ.on between the number of 

glucose pulses (NGL) and the glucose J.nterpeak J.nterval 

(P<o01) was evJ.dent, such that as the number of glucose 

pulses 

(Table 

J.ncreased, 

12) • In 

the shorter 

the SGL 

the 

(Table 

J.nterval between peaks 

13), the number of 



TABLE 9 

CORRELATIONS OF GH PLASMA PROFILF PARAMETFRS WITH GH, INSULIN 
AND GLUCOSE PARAMFTFRSa IN SGL GILTS 

NGH CGH GHINT GHDUR NIN CIN ININT INDUR NGL CGL GLINT GLDUR 

NGH 

CGH 

GHINT 

GHDUR 

a 

b 

NGH, No 
NIN, No 
1llSUllD 
glucose 

P< 05 

0 -.79b -.56 56 -.52 -.63 -.04 -.49 .22 .30 .19 

.16 07 -.72 .32 .28 -.71 06 .69 -.3? 07 

.77b .69 .50 .29 .u -.11 -.32 -.34 -.31 

-.59 .18 -.14 -.04 -.21 - 46 -.68 .71 

GH peaks, CGH, [GH]; GHINT, GH peak 1nterval, GHDUR, GH peak durat1on; 
1nsul1n peaks; CIN,[1nsul1n); ININT, 1nsul1n peak 1nterval, INDUR, 

peak durat1on, NGL, No glucose peaks, CGL, [glucose]; GLINT, 
peak 1nterval, GLDUR, glucose peak durat1on. 

1-' 
1-' 
0 



TABLE 10 

CORRELATIONS OF INSULIN PLASMA PROFILE PARAMETERS WITH INSULIN, GH 
AND GLUCOSE PARAMETERSa IN RGL GILTS 

NIN CIN IN INT INDUR NGH CGH GHINT GHDUR NGL CGL GLINT GLDUR 

NIN -.64 -.79 b .69c .60 -.43 -.64 .43 b -.72 .09 .86c .17 

CIN -.05 .14 -.15 .10 -.05 -.12 b .69 .14 -.48 .14 

ININT c .73 -.25 .48 .29 -.45 .59 .1 7 -.52 .11 

INDUR .22 .24 -.19 .38 .23 -.02 -.29 • 3 8 

a 

b 

c 

NIN, No of 1nsul1n peaks; CIN, [1nsul1n]; ININT, 1nsul1n peak 1nterval; INDUR, 
1nsul1n peak durat1on; NGH, No. of GH peaks; CGH, [GH]; GHINT, GH peak 1nterval 
GHDUR, GH peak durat1on; NGL, no. glucose peaks; CGL, [glucose]; 
GLINT, glucose peak 1nterval; GLDUR, glucose peak durat1on. 

P<.01 

P<.05. 

...... 

...... 

...... 



TABLE 11 

CORRELATIONS OF INSULIN PLASMA PROFILE PARAMETERS WITH INSULIN, GH 
AND GLUCOSE PARAMETERSa IN SGL GILTS 

NIN CIN ININT INDUR NGH CGH GHINT GHDUR NGL CGL GLINT GLDUR 

NIN -.63 -.45 .63 .56 -.72 -.69 -.59 -.16 -.23 .58 .13 

CIN .79b -.63 -.52 .32 .so .18 .19 .43 .18 .18 

ININT -.32 -.63 .29 .29 -.14 .67 .so .21 .57 

INDUR -.04 -.71 .11 -.04 -.36 -.61 .43 -.18 

a 

b 

NIN, No of 1nsul1n peaks; CIN, [1nsul1n]; ININT, 1nsul1n peak 1nterval; INDUR, 
1nsul1n peak durat1on; NGH, No. of GH peaks; CGH, [GH]; GHINT, GH peak 1nterval 
GHDUR, GH peak durat1on; NGL, no. glucose peaks; CGL, [glucose]; 
GLINT, glucose peak 1nterval, GLDUR, glucose peak durat1on. 

P<.OS. 

1-' 
1-' 
L'V 



'I'ABLF 1? 

CORRELATIONS OF GLUCOSE PLASMA PROFILF PARAMETERS WITH GLUCOSE, INSULIN 
AND GH PARAMETERSa IN RGL GILTS 

NGL CGL GLINT GLDUR NIN CIN IN INT INDUR NGH CGH GHINT GHDUR 

NGL -.11 -.76b .07 -. 7 2c .69c .59 .23 -.45 .41 .40 .04 

CGL .48 -.40 .09 .14 .17 c .69 -.25 -.14 0 -.21 

GLINT -.62 .86b -.48 -.52 .74c .55 -.36 -.62 .29 

GLDUR .17 .14 .11 .38 b .80 .02 -.62 .41 

a 

b 

c 

NGL, No of glucose peaks, CGL, [glucose]; GLINT, glucose peak 1nterval; 
GHDUR, glucose peak durat1on; NIN, no. 1nsul1n peaks; CIN, [1nsul1n]; ININT, 
1nsul1n peak 1nterval; INDUR, 1nsul1n peak durat1on; NGH, no. GH peaks, CGH, 
[GH], GHINT, GH peak 1nterval, GHDUR, GH peak durat1on. 

P<. 01. 

P< 05. 

I-' 
I-' 
w 



TABLE 13 

CORRELATIONS OF GLUCOSE PLASMA PROFILE PARAMETFRS WITH GLUCOSE, INSULIN 
AND GH PARAMETERSa IN SGL GILTS 

NGL CGL GLINT GLDUR NIN CIN IN INT INDUR NGH CGH GHINT GHDUR 

NGL 22 -.17 .17 -.16 .19 .67 -.36 .22 • 6 8 -.32 -.46 

CGL .32 .61 -.23 .43 .50 -.60 .22 .68 -.32 -.46 

GLINT .75b .58 .18 .21 .43 .30 -.32 -.34 -.69 

GLDUR .13 • 54 .57 .43 .19 .07 -.31 -.71 

a 

b 

NGL, No of glucose peaks; CGL, [glucose]; GLINT, glucose peak 1nterval; 
GHDUR, glucose peak durat1on, NIN, no. 1nsul1n peaks; CIN, [1nsul1n]; ININT, 
1nsul1n peak 1nterval, INDUR, 1nsul1n peak durat1on; NGH, no. GH peaks; CGH, 
[GH], GHINT, GH peak 1nterval, GHDUR, GH peak durat1on 

P< 05. 

I-' 
I-' 

""' 
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sJ.gnJ.fJ.cant correlatJ.ons were not as numerous compared to 

the RGL, WJ. th only longer glucose pulse duratJ.on (GLDUR) 

correlated wJ.th a longer glucose J.nterpeak J.nterval (P<.05). 

In order to determJ.ne J.f tJ.me of day at whJ.ch GH, 

J.nsulJ.n and glucose plasma events occurred was dJ.fferent 

between selectJ.on lJ.nes, comparJ.sons of the number of events 

of each parameter J.n the AM (0600 to 1200), and PM (1220 to 

1800) were performed (Table 14). The number of secretory 

events between selectJ.on lJ.nes were not dJ.fferent for GH or 

J.nsulJ.n, however, RGL gJ.lts dJ.splayed a greater number of 

glucose pulses J.n the AM compared to SGL gJ.lts (P<.lO). For 

both selectJ.on groups the number of pulse events tended to 

be greater J.n the AM versus the PM. 

PolynomJ.al regressJ.on analysJ.s revealed dJ.fferences J.n 

the shape of the GH, glucose and J.nsulJ.n plasma profJ.les J.n 

RGL versus SGL gJ.lts. The relatJ.onshJ.p of plasma glucose 

concentratJ.ons to tJ.me over the 12 h perJ.od was best 

descrJ.bed by a 3rd order polynomJ.al regressJ.on equatJ.on, 

whJ.le the response was dJ.fferent J.n the SGL, beJ.ng descrJ.bed 

by a lJ.near equatJ.on (P<. 0 5) • The relatJ.onshJ.p of plasma 

J.nsulJ.n concentratJ.ons to tJ.me were more complex for both 

1 J.nes WJ.th J.nsulJ.n plasma responses J.n RGL and SGL gJ.l ts 

best descrJ.bed by lOth and 5th order polynomJ.al regressJ.on 

equatJ.ons, respectJ.vely (P<. 0 5) SJ.mJ.lar to the J.nsulJ.n 

response, the relatJ.onshJ.p of GH J.n the RGL was complex, and 

was best descrJ.bed by an ath order polynomJ.al regressJ.on 

equatJ.on The regressed pattern of GH J.n the RGL was 



II 
I 

.l.LO 

TABLE 14 

COMPARISON OF THE NUMBER OF GH, INSULIN AND GLUCOSE EVENTSa 
IN THE AM AND PM BETWEEN RGL AND SGL GILTS 

AM PM 

PARAMETER RGL SGL RGL SGL 

GH 3.75 3.62 3.25 2.92 

INSULIN 3.75 3.79 3.00 2.20 

GLUCOSE 4.50b 3.17c 3.63 3.25 

a Peak1.ng events detected by PULSAR 

b Means d1.ffer (P< 10). 
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character1zed by well-def1ned nad1r and peaks, w1th an even 

1nterpeak 1nterval The relat1onsh1p of GH to t1me 1n the 

SGL demonstrated cons1derably more scatter (R2 model= .15) 

and was best descr1bed by a 5th order polynom1al equat1on. 

The 1llustrat1on of the relat1onsh1p between the regressed 

prof1les of 1nsul1n and GH 1n RGL and SGL g1lts, 1s shown 1n 

F1gures 1 and 2, respect1vely. Compar1ng the f1gures, a 

rec1procal relat1onsh1p between GH and 1nsul1n 1s ev1dent 1n 

both l1nes, however, the pattern 1s more dynam1c 1n the RGL 

than the SGL g1lts. 

D1scuss1on 

The results of th1s exper1ment have demonstrated that 

select1on for growth rate results 1n marked d1fferences 1n 

the plasma prof1le character1st1cs of plasma GH, 1nsul1n and 

glucose 1n young, grow1ng sw1ne. 

At equal bodywe1ghts, RGL carcasses exh1b1ted more 

backfat and greater l1p1d to lean rat1o than the SGL. These 

carcass character1st1cs are cons1stent w1th reports of sw1ne 

populat1ons 1n wh1ch select1on for growth rate was 1mposed 

(Buhl1nger et al., 1978). 

In th1s study overall plasma GH concentrat1ons were 

sl1ghtly lower 1n RGL g1lts wh1ch 1s cons1stent w1th 

observat1ons from stud1es exam1n1ng GH levels 1n more 

extreme populat1ons of lean and obese p1gs, such as the 

Yorksh1re versus the Ossabaw breed, respect1vely (Wangsness, 

Mart1n & Gatchel, 1980). In these and other s1m1lar 
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regressed GH and ~nsul~n prof~les ~n SGL g~lts 
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exper1ments 

and humans 

conducted w1th rats (Mart1n & Gahagan, 

(Cop1nsch1, Weg1enka, Hane & For sham, 

1977), 

1967), 

lower c1rculat1ng GH concentrat1ons have been noted 1n 

genet1cally obese 1nd1v1duals. Therefore, the sl1ghtly 

lower GH levels of the RGL 1n the present exper1ment may be 

part1ally expla1ned by the1r relat1vely greater proport1on 

of ad1pose to lean t1ssue. Furthermore, recogn1z 1ng the 

poss1ble l1polyt1c act1on of GH 1n ad1pose t1ssue, both 1n 

v1vo (Wagner & Veenhu1zen, 1970) and 1n v1tro (Sengupta, 

Long & Allen, 1981, Goodman & Gr1tch1ng, 1985), the 

relat1vely lower carcass l1p1d of the SGL versus the RGL may 

be related to h1gher levels of c1rculat1ng GH 1n the SGL. 

G1ven the st1mulatory effect of GH on growth rate, the 

s1gn1f1cantly lower GH concentrat1ons of the RGL 1s 

1ncongruent w1th the1r more rap1d growth pattern. These 

observat1ons suggest the poss1b1l1ty that factors other than 

overall plasma concentrat1ons of 

nutr1ents may be b1olog1cally 

somatogen1c hormones and 

1mportant 1n accurately 

relat1ng plasma prof1le character1st1cs such as these w1th 

d1fferent1al rates of growth. Th1s poss1b1l1ty has been 

recently suggested based on s1m1lar f1nd1ngs by other groups 

(Kl1ndt, Jenk1ns & Leymaster 1986, Etherton & Kens1nger, 

1984, Trenkle & Topel, 1978). 

Due to the l1pogen1c nature of 1nsul1n on ad1pose 

t1ssue, 1t was not surpr1s1ng that RGL g1lts exh1b1ted 

s1gn1f1cantly h1gher c1rculat1ng 1nsul1n concentrat1ons 

g1ven the1r greater percentage of backfat and carcass l1p1d 
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These observat~ons are cons~stent w~th those of s1m1lar 

stud~es exam1n1ng the role of 1nsul1n 1n growth and 

development. Hoffman, 

showed select1on for 

accompan1ed by elevated 

Wangsnes s, Hagen & Etherton ( 19 8 3) 

backfat th1ckness 1n sw1ne was 

fetal plasma ~nsul1n 1n the h1gh 

backfat l1ne Conversely, Hetzer & M1ller (1973) clearly 

demonstrated that select1on aga1nst backfat 1n sw1ne 

resulted 1n decreased ad1pose t1ssue l1pogen1c capac1ty. In 

add1 t1on, 1n stud1es also exam1n1ng the relat1on to feed 

1ntake 1n hyper1nsul1nem1c 1nd1v1duals, hyperphag1a and 

excess1ve body we1ght ga1n were also observed (Mart1n, 

Sheahan, Ramsay, Gahagan, Camp1on 1982; Bray & York, 1979; 

Zucker & Anton1ades, 1972). Cons1stent w1th these f1nd1ngs, 

the RGL populat1on from wh1ch g1l ts 1n th1s study were 

selected, exh1b1ted h1gher feed ~ntake 1n relat1on to SGL 

p1gs. Hence, d1fferences 1n growth rate of the RGL may be 

part1ally attr1butable not only to greater levels of l1p1d 

accret1on, but also h1gher levels of feed 1ntake. 

Results of prev1ous stud1es have suggested an exogenous 

GH-med1ated antagon1sm of 1nsul1n act1on (Chung et al. , 

1985). There has been much controversy as to whether these 

d1abetogen1c, as well as l1polyt1c act1ons of GH are 

med1ated by a non-GH contam~nant of the hormone preparat1ons 

(Goodman & Gr1tch1ng, 1985, Fr1ger1, 1983, Bauman, E1semann 

& Curr1e, 1982). In th1s study, although plasma 1nsul1n 

levels were h1gher 1n RGL g1lts, glucose concentrat1ons were 

also s~gn1f~cantly h1gher, poss1bly suggest1ng a m11d t1ssue 



1nsens1t1v1ty to 1nsul1n 1n th1s l1ne. Th1s effect, 

however, was apparent w1 th lower overall plasma GH 

concentrat1ons 1n the RGL. Th1s apparent 1ncons1stency w1th 

prev1ous reports of the suggested d1abetogen1c effect of GH 

may 1nd1cate that 1nsul1n antagon1st1c effects are d1splayed 

by endogenous GH. In add1t1on, lower levels of GH 1n the 

RGL may 1nd1cate a greater t1ssue sens1t1v1ty to GH, 

requ1r1ng less total GH to el1c1t 1nsul1n antagon1st1c 

effects that are ev1dent 1n the more rap1dly grow1ng l1ne. 

Factors other that s1mple, 1ndependent concentrat1ons of GH 

and 1nsul1n may be of phys1olog1cal s1gn1f1cance 1n 

expla1n1ng 

ut1l1zat1on 

apparent d1fferences 1n 

and growth. A s1m1lar 

nutr1ent uptake, 

lack of correlat1on 

between serum concentrat1ons of hormones and var1ous growth 

1nd1ces have been reported 1n cattle (Hafs, Purchas & 

Pearson, 1975) and sw1ne (S1ers & Hazel, 1970). In both 

stud1es, h1gh serum GH levels were assoc1ated w1 th slow 

growth rate and low rat1os of carcass lean to fat. These 

observat1ons together w1th the results of th1s exper1ment 

further support the content1on that the s1mple assessment of 

overall concentrat1ons of metabol1c hormones and nutr1ents 

such as GH, 1nsul1n and glucose 1gnores the poss1ble 

phys1olog1cal 1mportance 1n the complex 1ntegrat1on and 

dynam1cs assoc1ated w1th these plasma factors Th1s latter 

conclus1on 1s even more tenable cons1der1ng the 

1nterrela t1onsh1ps between GH and 1nsul1n 1n RGL and SGL 

g1lts wh1ch are apparent from F1gs 1 and 2 From these 



express1ons of the best f1t mult1ple regress1on equat1ons, 

the plasma relat1onsh1p between GH and 1nsul1n appear to be 

strongly related, 1n a rec1procal fash1on 1n both l1nes. 

The not1ble d1fference, however, between the rec1procal 

prof1les 1s a more dynam1c relat1onsh1p wh1ch 1s ev1dent 1n 

RGL g1lts, thereby suggest1ng the endocr1ne system of the 

RGL may be more respons1ve to endocr1ne and metabol1c 

st1mul1 than 1n SGL g1lts. 

A compar1son of the results of correlat1ons among the 

plasma parameters for GH, 1nsul1n and glucose prov1de 

further support that both the mode of secret1on and 

1ntegrat1on of parameters are 1mportant 1n def1n1ng the 

mechan1sm(s) whereby d1fferences 1n growth rate 1n the two 

l1nes are med1ated. The greater number of s1gn1f1cant 

correlat1ons among GH, 1nsul1n and glucose plasma parameters 

1n RGL g1lts may 1nd1cate greater metabol1c and endocr1ne 

eff1c1ency due to a h1gher level of 1ntegrat1on among 

var1ous growth parameters. 

The results of th1s exper1ment support the hypothes1s 

that the mode of secret1on of somatotrop1c hormones and the 

response of metabol1c nutr1ents to changes 1n hormonal flux 

govern the rate of growth 1n young sw1ne selected on the 

bas1s of growth. 

plasma parameters 

Analyz1ng s1mple 

The nature of the 1nterrelat1onhs1p among 

1s complex and h1ghly 1ntegrated. 

c1rculat1ng concentrat1ons of metabol1c 

hormones and nutr1ents w1thout recogn1z1ng modes and 

1nterrelat1onsh1ps of secret1on may not adequately prov1de 



a bas1s for relat1ng d1fferences 1n the genet1c potent1al of 

growth to growth-related factors. It 1s ev1dent therefore 

that more 1ntegrated and less convent1onal types of sampl1ng 

and analyses are warranted to more conclus1vely relate 

d1fferences 1n these and other key growth factors to 

genet1cally-1nduced d1fferences 1n growth performance. 
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CHAPTER IV 

PLASMA pGH, INSULIN AND GLUCOSE RESPONSES 

TO hGRF (l-44-NH 2), ARGININE, GLUCOSE 

AND SALINE INFUSIONS IN RAPID 

AND SLOW GROWING GILTS 

Summary 

Plasma growth hormone (GH) I 1nsul1n and glucose 

concentrat1ons were est1mated 1n f1fteen Duree, Hampsh1re, 

Landrace, Spot and Yorksh1re crossbred g1lts selected on the 

bas1s of rap1d versus slow growth rate. G1lts were 

challenged w1th ster1le solut1ons of human growth hormone 

releas1ng factor (hGRF) , arg1n1ne (ARG) , glucose (GLU) and 

sal1ne (SAL), w1th blood samples collected at -10, 2.5, 5, 

10, 30, 60, 120, 240 and 480 m1n relat1ve to 1nfus1on t1me. 

Plasma GH secretory prof1le area (SPA) was greater (P<.05) 

for slow growth l1ne (SGL) versus rap1d growth l1ne (RGL) 

g1lts 1nfused w1th SAL, however, 1nsul1n and glucose SPA d1d 

not d1ffer as a result of SAL 1nfus1on The response of 

plasma glucose, GH, and 1nsul1n, as assessed by SPA, were not 

d1fferent between select1on l1nes follow1ng GLU 1nfus1on, 

however, 1nsul1n concentrat1ons were h1gher (P< 05) 1n RGL as 

compared to SGL g1lts at 2.5 and 5 m1n L1kew1se, peak 

glucose concentrat1ons follow1ng GLU challenge were h1gher 
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(P< 0 5) for RGL than for SGL g1lts. There were no 

d1fferences 1n glucose and 1nsul1n clearance rates between 

l1nes. A strong, rec1procal relat1onsh1p between plasma GH 

and 1nsul1n was apparent 1n the SGL as a result of each 

1nfus1on, wh1le the same rec1proc1ty was not as clear 1n RGL 

g1lts. Insul1n SPA result1ng from ARG 1nfus1on was greater 

for RGL than for SGL g1lts (P<.005), however, there were no 

d1fferences 1n plasma glucose or GH SPA as a result of ARG 

challenge. Plasma glucose SPA was greater (P<. 05) wh1le 

1nsul1n and GH SPA d1d not d1ffer as a result of hGRF 

1nfus1on. Both ARG and hGRF produced 1ncreases 1n GH 1n RGL 

and SGL g1lts from 2.5 to 30 m1n, but the magn1tude of 

response dld not d1ffer between l1nes. These results 

1nd1cate the ex1stence of d1fferences 1n response to 

provocat1ve StlmUll wh1ch may be reflected 1n the levels of 

performance of young sw1ne selected on the bas1s of growth 

rate. 

Introduct1on 

Rate of growth has been assoc1ated w1th d1fferences 1n 

the response of endocr1ne and metabol1c nutr1ent parameters 

to a var1ety of provocat1ve st1mul1. Prev1ous exper1ments 

have demonstrated depressed GH secretory capac1ty and t1ssue 

1nsens1t1v1ty to 1nsul1n 1n slow-grow1ng, obese versus more 

rap1dly-grow1ng, lean 1nd1v1duals (Cop1nsch1, Weg1enka, Hane 

& Forsham, 1967, Wangsness, Mart1n & Gahagan, 1977) In 

p1gs, compar1sons of hormonal status have been conducted w1th 
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populat1ons character1zed by extreme d1fferences 1n lean to 

fat rat1os and rate of ga1n as a result of select1on for 

backfat and ga1n. L1ttle 1nformat1on 1s ava1lable, however, 

exam1n1ng d1fferences 1n the endocr1ne response of less 

extreme populat1ons wh1ch more closely typ1fy the type of p1g 

found 1n the 

study were 

sw1ne 1ndustry. The obJeCt1ves of the present 

to exam1ne poss1ble d1fferences 1n the 

respons1veness 

st1mul1 wh1ch 

of 

may 

GH, 1nsul1n and 

ex1st 1n young 

glucose to 

sw1ne wh1ch 

provocat1ve 

have been 

selected on the bas1s of rap1d versus slow growth rate. 

Mater1als and Methods 

Two l1nes of p1gs developed from 1nter se mat1ngs of a 

compos1te of purebred Duroc, Landrace, Hampsh1re, Spot, and 

Yorksh1re breeds selected for rap1d (ADG=. 6 9 kg/d) versus 

slow growth (ADG=.56 kg/d) for f1ve generat1ons dur1ng the 

grow1ng-f1n1sh1ng per1od were used as the source of sw1ne for 

th1s study. A descr1pt1on of an1mal management and feed1ng, 

sample populat1on performance and carcass character1st1cs, 

and the surg1cal and analyt1cal techn1ques have been 

prev1ously descr1bed (Norton, 1986). At the t1me of the 

exper1ment, RGL g1lts we1ghed an average of 52.6 kg and were 

114 d of age, wh1le SGL g1lts we1ghed 51.7 kg and were 130 d 

of age 
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Glucose Infus1ons, hGRF, and Sal1ne Infus1ons 

P1gs were 1nfused w1th 1 g/kg Bw· 75 alpha-D glucose1 , .1 

2 ug/kg human growth hormone releas1ng hormone (1-44-NH 2) , and 

.9% w/v ster1le sal1ne, follow1ng a lat1n square pattern over 

an 8-d per1od. A 1 d stab1l1zat1on per1od between 1nfus1ons 

was allowed. On the day of sampl1ng, one pre1nfus1on sample 

(-10 m1n) was collected followed by the respect1ve 1nfus1ons 

v1a 1ntravenous cannula over a 2 m1n per1od and were 

completed at t1me = 0 m1n. Each cannula was r1nsed w1th 10 

ml of 3% w/v c1 trated sal1ne to purge the cannulae of any 

res1dual 1nfus1on solut1on. Subsequent blood samples were 

collected at 2 5, 5, 10, 30, 60, 120, 240 and 480 m1n 

relat1ve to 1nfus1on. 

Arg1n1ne Infus1ons 

m1n, 

After w1thdraw1ng one pre-1nfus1on blood sample at -10 

.5 g/kg Bw· 75 neutral1zed arg1n1ne hydrochlor1de 3 , was 

1nfused over a 1 h per1od w1 th a double syr1nge 1nfus1on 

pump. The rate of 1nfus1on was • 8 33 ml/m1n such that the 

term1nat1on of the arg1n1ne 1nfus1on co1nc1ded w1th that of 

glucose, hGRF and sal1ne 1nfus1ons. S1nce there was only a 

s1ngle catheter 1n each p1g, blood samples could be w1thdrawn 

after the 1 h arg1n1ne 1nfus1on. As w1th the other 

challenges, blood samples were collected at 2.5, 5, 10, 130, 

60, 120, 240 and 480 m1n relat1ve to 1nfus1on. 

1 
2 
3 

S1gma Chem1cal Co., St. Lou1s MO., Ctlg. No G5000 
S1gma Chem1cal Co., St Lou1s, MO , Ctlg No. G0138 
S1gma Chem1cal Co., St Lou1s, MO., Ctlg. No A6279. 
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Calculat1ons and Stat1st1cal Analyses 

Plasma 1nsul1n, glucose and GH responses to each 

challenge were calculated by two methods. The f1rst 1nvolved 

est1mat1on of area under each response curve us1ng a 

trapezo1d surnrnat1on algor1thm wh1ch has been prev1ously 

descr1bed (Norton, 1986). The est1mat1on of secretory area 

has been employed by others (French, Baum & Porter, 19 70, 

Wangsness et al., 1977; Peller1er, Dubreu1l, Couture, 

Pet1tclerc, Lap1erre, Gaudreau, Brazeau & Mor1sset, 1986), 

and 1s thought to prov1de a better assessment of overall 

secretory response than mean peak or overall concentrat1ons 

Th1s 1s espec1ally true 1n cases of less d1st1nct responses, 

such as those observed 1n th1s exper1ment 1n response to ARG 

and hGRF . 

A second method was employed to evaluate the response of 

plasma 1nsul1n and glucose to the GLU 1nfus1on. 

1nvolved transformat1on of plasma glucose 

Th1s process 

and 1nsul1n 

concentrat1ons to logar1thm1c concentrat1ons and subsequently 

f1tt1ng each to a l1near regress1on w1th t1me as an 

1ndependent var1able. The slopes of each equat1on were then 

subJected to an analys1s of var1ance to determ1ne s1gn1f1cant 

l1ne effects on glucose and 1nsul1n clearance rates 

The exper1ment was analyzed as a spl1 t plot 1n t1me 

us1ng a least squares analys1s of var1ance procedure Ma1n 

plot effects 1ncluded repl1cat1on, l1ne and the1r 

1nteract1on, and were tested w1th p1g w1th1n repl1cat1on by 
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Subplot effects 1ncluded 1nfus1on, t1me and all 

appropr1ate 1nteract1ons and was tested w1th the res1dual. 

Results 

D1fferences 1n the temporal secretory levels and 

prof1les of secret1on 1n plasma glucose, 1nsul1n and GH 1n 

these two l1nes of g1lts has been prev1ously descr1bed 

(Norton, 1986). In the present exper1ment, the SAL 1nfus1on 

served as a control. As a result of SAL 1nfus1on, plasma GH 

SPA was greater (P<.OS) for SGL compared to RGL g1lts whereas 

both 1nsul1n and glucose SPA were not d1fferent between l1nes 

(Table 15). 

Glucose Infus1on 

Plasma glucose response to GLU 1nfus1on cons1stantly 

peaked 1n both select1on l1nes at 2. 5 m1n, and was greater 

(P<. 0 5) for RGL compared to SGL g1l ts (F1gure 3) • Glucose 

clearance rates were not d1fferent between l1nes, wh1le 

glucose SPA were sl1ghtly, but not s1gn1f1cantly h1gher 1n 

the RGL (Table 16). Plasma 1nsul1n levels peaked by 10 m1n 

1n both l1nes w1th 1nsul1n concentrat1ons h1gher (P<.05) by 

2 5 and 5 m1n for RGL versus SGL g1lts (F1gure 4). Insul1n 

SPA was sl1ghtly greater for RGL g1lts, but not s1gn1f1cantly 

d1fferent from the SGL (Table 16) Plasma GH concentrat1ons 

decreased as a result of GLU 1nfus1on 1n both select1on l1nes 

by 2 5 m1n, w1th a greater decl1ne d1splayed by the SGL, but 

th1s was pr1mar1ly the result of the relat1vely h1gher 
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TABLE 15 

SECRETORY PROFILE AREAS (SPA) FOR GH, INSULIN AND GLUCOSE 
FOLLOWING SALINEa INFUSION IN RGL AND SGL GILTS 

SELECTION LINEb 

PLASMA 
PARAMETER 

GROWTH HORMONE 

INSULIN 

GLUCOSE 

RGL 

2068.25c (396.28) 

17402.73 (806.16) 

65517 63 (1598.63) 

a [Sal1ne] = 9 g/1. 

b Means - (S .E.M.). 

cd Areas are d1fferent (P<.05) 

SGL 

3 3 2 5. 4 7d ( 4 0 0. 9 9) 

16101.31 (800.42) 

64712.95 (1664.04) 
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TABLE 16 

SECRETORY PROFILE AREAS (SPA) FOR GH, INSULIN ~ GLUCOSE 
FOLLOWING GLUCOSE CHALLENGE (1 g/kg BW ) 

IN RGL AND SGL GILTS 

SELECTION LINEa 

PLASMA 
PARAMETER RGL SGL 

GROWTH HORMONE 2681.01 (470.16) 3151 47 (507.83) 

INSULIN 17755.06 (994.52) 17322.91 (1089.45) 

GLUCOSE 69785.10 (2533.79) 67300.36 (2325 17) 

a Means - (S.E.M.) 
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1n1t1al GH concentrat1on at -10 m1n. Plasma GH levels 

rebounded by 10 and 30 m1n 1n SGL and RGL g1lts, 

respect1vely, however, due to large var1at1on, no d1fference 

1n response between l1nes was observed Insul1n and GH 

exh1b1ted a rec1procal relat1onsh1p between -10 and 60 m1n 1n 

both l1nes w1th plasma 1nsul1n elevated and GH concentrat1ons 

depressed as a result of GLU 1nfus1on (F1gures 5 and 6). 

Arg1n1ne Infus1on 

The responses to ARG 1n plasma glucose, glucose and GH 

are presented 1n Table 17. Glucose and GH SPA were not 

d1fferent between l1nes as a result of ARG 1nfus1on, however, 

1nsul1n SPA was greater (P<.005) 1n RGL g1lts (F1gure 7). 

Plasma glucose concentrat1ons peaked 1n SGL g1lts between 2 5 

and 10 m1n wh1le the response was more latent and attenuated 

1n the RGL (f1gure not shown) . Plasma 1nsul1n concentrat1ons 

paralleled and s l1ghtly lagged the elevat1on 1n glucose 1n 

both l1nes. The response of GH to ARG 1s presented 1n F1gure 

8 A b1phas1c response between -10 and 60 m1n was ev1dent 1n 

the RGL, wh1le two d1st1~ct pulse events were noted 1n the 

SGL from -10 to 60 m1n Peak GH concentrat1ons 1n SGL g1lts 

tended to be greater, but were not d1fferent from that of RGL 

g1lts (6 2 ng/ml versus 5.0 ng/ml, respect1vely). Follow1ng 

the peak event(s), GH response 1n both l1nes paralleled each 

other from 60 to 480 m1n. The relat1onsh1p of response 

between GH and 1nsul1n as a result of ARG 1nfus1on are 

presented 1n F1gures 9 and 10. Insul1n and GH demonstrated a 
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TABLE 17 

SECRETORY PROFILE AREAS (SPA) FOR GH, INSULIN A~ GLUCOSE 
FOLLOWING ARGININE CHALLENGE (.5 g/kg BW" ) 

IN RGL AND SGL GILTS 

SELECTION LINEa 

PLASMA 
PARAMETER 

GROWTH HORMONE 

INSULIN 

GLUCOSE 

RGL 

2620.89 (303.25) 

19128.11b (493.67) 

63262.76 (1039.04) 

a Means - (S.E.M.) 

be Areas are d1fferent (P<.005). 

SGL 

2679.92 (262.62) 

15865.82c (567.14) 

62135.79 (1229.41) 
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d1st1nct rec1procal relat1onsh1p, wh1le the response 1n the 

RGL was not as pronounced w1th 1nsul1n tend1ng to sl1ghtly 

lag GH 

hGRF Infus1on 

Plasma glucose, 1nsul1n and GH responses as evaluated by 

SPA are surnrnar1zed 1n Table 18 Exam1nat1on of overall GH 

and 1nsul1n responses by a compar1son of the area under each 

response curve revealed no select1on l1ne d1fferences 1n 

response, however, area under the plasma glucose response 

curve was larger (P<.05) for the SGL. In add1t1on, plasma 

glucose concentrat1ons were h1gher (P<. 0 5) at 30 m1n post 

1nfus1on for SGL g1lts (90.5 mg/dl compared to 83 2 mg/dl 1n 

RGL p1gs). Insul1n response 1n both l1nes was essent1ally 

1dent1cal wh1ch reflected the s1m1lar1ty 1n 1nsul1n SPA 

between l1nes In both RGL and SGL g1lts, hGRF resulted 1n 

an 1n1t1al decl1ne 1n 1nsul1n concentrat1ons followed by a 

subsequent 1ncrease by 30 and 60 m1n (F1gure 11). Plasma GH 

response to hGRF 1s shown 1n F1gure 12. Plasma GH peaked 1n 

both l1nes by 2. 5 m1n w1 th no d1fference 1n concentrat1on 

between l1nes. The pattern of response d1ffered between 

w1th a b1phas1c response observed 1n the SGL w1th a 

secondary peak occurr1ng at 10 m1n post-1nfus1on. 

S1m1lar to the response result1ng from ARG 1nfus1on, GH 

and 1nsul1n prof1les 1n SGL g1lts demonstrated a rec1procal 

relat1onsh1p between GH and 1nsul1n from -10 to 30 m1n post 

1nfus1on (F1gure 13). Conversely, 1n the RGL, the same level 
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TABLE 18 

SECRETORY PROFILE AREAS (SPA) FOR GH, INSULIN AND GLUCOSE 
FOLLOWING hGRF(1-44-NH?) CHALLENGE ( 1 ug/kg BW) 

IN RGL A~D SGL GILTS 

SELECTION LINEa 

PLASMA 
PARAMETER 

GROWTH HORMONE 

INSULIN 

GLUCOSE 

RGL 

2972.33 (255 64) 

17962.56 (421.22) 

60358.45b (1039.04) 

a Means - (S.E.M.) 

be Areas are d1fferent (P<.05). 

SGL 

2449.90 (273.29) 

17293.19 (470.94) 

64634.36c (1229.50) 
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of rec1proc1ty was not apparent w1th 1nsul1n tend1ng to lag 

sl1ghtly 1n the f1rst 10 m1n follow1ng hGRF 1nfus1on (F1gure 

14) 

A compar1son of the response to hGRF and ARG 1n SGL and 

RGL g1lts 1s presented 1n F1gures 15 and 16, respect1vely. 

Compar1ng the responses to ARG and hGRF w1 th1n each l1ne, 

there were no d1fferences 1n GH SPA although a more 

cons1stent response to ARG was observed 1n both l1nes. 

D1scuss1on 

The results of th1s exper1ment have prov1ded ev1dence 

that select1on for growth rate produces d1fferences 1n GH, 

1nsul1n and glucose secretory capac1ty 1n sw1ne as assessed 

by provocat1ve challenge. 

The assessment of basal GH secret1on (SAL 1nfus1on) 

revealed a smaller (P<.05) SPA for RGL compared w1th SGL 

g1l ts. Th1s trend 1s cons1stent \'11th the results of the 

prev1ous exper1ment 1n wh1ch temporal, unchallenged SPA and 

overall concentrat1on of GH were lower 1n RGL g1lts (Norton, 

1986). Although 1nsul1n and glucose SPA d1d not d1ffer 

between l1nes as a result of the SAL 1nfus1on, a tendency for 

both 1nsul1n and glucose to be h1gher 1n the RGL was observed 

wh1ch 1s also cons1stent w1th our earl1er reports 

The 1nfus1on of GLU produced 1ncreases 1n both 1nsul1n 

and glucose 1n both select1on l1nes Although peak 1nsul1n 

and glucose concentrat1ons were h1gher 1n the RGL group, only 

peak glucose concentrat1ons were s1gn1f1cantly d1fferent 
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between l~nes. In add~t~on, ARG produced a greater response 

~n ~nsul~n ~n the RGL compared w~th the SGL between 10 and 60 

m~n post ~nfus~on. These results concur w~th other 

exper~ments ~n wh~ch notable d~fferences ~n plasma ~nsul~n 

and glucose as the result of provocat~ve st~mul~ between 

populat~ons of sw~ne d~ffer~ng greatly ~n performance and 

carcass compos~t~on (Bray & York, 1971; Gregory, Lovell, Wood 

& Lester, 1977; Wangsness, et al., 1977; Wangsness, Mart~n & 

Gatchell, 1980). These results, together w~th observat~ons 

from th~s study of sl~ght d~fferences ~n glucose and ~nsul~n 

SPA and the exaggerated response to arg~n~ne challenge ~n 

conJunct~on w~ th modest elevat~ons ~n blood glucose, may 

suggest the occurrence of a very m~ld t~ssue ~nsens~t~v~ty to 

~nsul~n ~n the RGL. 

The lack of d~fference ~n ~nsul~n and glucose clearance 

rate ~n the RGL and SGL ~s not ~n agreement w~th prev~ous 

reports of glucose tolerance tests ~n sw~ne (Wangsness et 

al., 1977) and humans (Hollander, Aspl~n & Palmer, 1982). In 

l~ght of the other d~fferences, the reasons for th~s are not 

clear, but may be the result of the less extreme d~fferences 

~n body compos~t~on and growth rate between select~on l~nes 

wh~ch were more pronounced ~n prev~ous stud~es. 

Plasma GH response to ARG and hGRF were s~m~lar, 

however, peak levels follow~ng ARG or hGRF adm~n~strat~on 

were of lessened magn~tude than those reported from earl~er 

exper~ments (At~nmo, Bald~Jao, 

Kraft, Baker, R~cks, Lance, 

Houpt, Pond & Barnes , 19 7 8 , 

Murphy & Coy, 1985) A 
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comparat1vely d1m1n1shed response to ARG was observed 1n the 

present exper1ment relat1ve to other s1m1lar exper1ments 

Th1s apparent d1screpancy may be part1ally expla1ned by 

length of 1nfus1on. Other 1nvest1gators us1ng shorter 

1nfus1on per1ods (15-30 m1n) 1n con]unct1on w1th 1nterm1ttent 

sampl1ng from a second catheter have observed s1gn1f1cant 

elevat1ons 1n GH w1th1n 20 to 30 m1n post 1nfus1on 

Therefore, 1n th1s study, us1ng a 60 m1n 1nfus1on per1od w1th 

no blood sampl1ng dur1ng the 1nfus1on, the maJor GH release 

may already have occurred by 2. 5 m1n post-1nfus1on. 

Furthermore, GH concentrat1ons observed between 2. 5 and 10 

m1n 1n our exper1ment were s1m1lar to those reported by 

At1nmo et al. (1978) at 60 m1n w1th1n a s1m1lar t1me frame 

post-1nfus1on. 

Although hGRF produced elevat1ons 1n GH 1n all p1gs, 

concentrat1ons of GH were cons1derably lower 1n magn1 tude 

than results obta1ned 1n other s1m1lar exper1ments. In those 

exper1ments, however, the dose of GRF was h1gher (1-8 ug/kg 

BW) than that adm1n1stered 1n our study. In add1 t1on to a 

comparat1vely smaller response, the t1me of response was 

h1ghly var1able. Prev1ous stud1es exam1n1ng the 

adm1n1strat1on of human pancreat1c growth hormone releas1ng 

hormone (hpGRF) 1n p1gs have shown extremely var1able 

responses to a s1ngle 1 ug/kg hpGRF treatment that were not 

observed w1th sheep and cattle (Ba1le, Della-Fera & Buonomo, 

1983, Plouzek, Anderson, Hard, Mol1na & Trenkle, 1983, 

Moseley, Krab1ll, Fr1edman & Olsen, 1984; Pellel1er et al 
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198 6) The var1ab1l1ty 1n response 1n these stud1es together 

w1th those of th1s exper1ment suggest that an1mal to an1mal 

var1at1on 1n evok1ng a GH response may be affected by 

spec1e, phys1olog1cal state of the an1mal or d1fferences 1n 

the synchrony of the adm1n1strat1on of secretogogues such as 

hGRF and arg1n1ne w1th the temporal rhythm of secret1on 

(Elsasser & Rumsey, 1986). 

Due to the less extreme nature of the two select1on 

l1nes, 1f d1fferences 1n the secretory capac1ty of GH, 

1nsul1n and glucose ex1st, perhaps more concentrated, 

pharmacolog1cal doses of each 1nfus1on may be necessary to 

el1c1t s1gn1f1cantly d1fferent responses 1n these secretory 

parameters. F1nally, evaluat1on of other growth-related 

factors such as non-ester1f1ed free fatty ac1ds, IGF-1, T 3 

and T 4 and the glucocort1co1ds w1ll be requ1red to more 

adequately determ1ne the nature of the 1nteract1on of 

endocr1ne funct1on w1th selected performance parameters. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

The central role of the endocr1ne system 1n growth and 

development has been well recogn1zed. Based upon these 

observat1ons, growth phys1olog1sts and endocr1nolog1sts have 

exam1ned numerous methods, most 1nvolv1ng the exogenous 

adm1n1strat1on of growth-promot1ng substances, to ach1eve 

substant1al 

product1v1ty. 

and rap1d 1mprovements 1n l1vestock 

Although these stud1es have demonstrated that 

the adm1n1strat1on of growth-promot1ng agents such as GH, 

1nsul1n, anabol1c stero1ds, T3!T4 , or GRF, or the 

suppress1on of ant1-growth factors such as somatostat1n, can 

enhance an1mal growth, these 1nvest1gat1ons for the most 

part have not adequately accounted for or reflected the 

complex1t1es and 1nteract1ons assoc1ated w1th an1mal growth. 

Furthermore, many of the populat1ons selected for study have 

1ncluded one or more exot1c or novel genotypes and/or the 

exper1mentat1on conducted under unusual env1ronmental or 

nutr1t1onal cond1t1ons wh1ch d1ffer greatly from those 

encountered 1n the l1vestock 1ndustry. Hence, the relevancy 

of these results and the appl1cat1on of spec1f1c pract1ces 

stemm1ng from these exper1ments 1n the sw1ne 1ndustry 1s 

quest1onable 

160 
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To more accurately evaluate the role of the endocr1ne 

system 1n an1mals wh1ch more closely typ1fy those found 1n 

the 1ndustry, p1gs ra1sed 1n a convent1onal farrow to f1n1sh 

operat1on and selected on the bas1s of growth rate were used 

1n th1s study. The research ob]ect1ves of the exper1ments 

were to ( 1) exam1ne d1fferences 1n both the levels and 

secretory prof1les of growth hormone, 1nsul1n and glucose 

between two l1nes of p1gs selected on the bas1s of rap1d 

versus slow growth rate, (2) determ1ne correlat1ons w1th1n 

these select1on l1nes between plasma secretory parameters 1n 

order to assess d1fferences 1n the degree of synchrony of 

hormonal and metabol1c events, and ( 3) to compare 

d1fferences 1n the response of plasma growth hormone, 

1nsul1n and glucose to human growth hormone releas1ng 

hormone, arg1n1ne hydrochlor1de and glucose to evaluate the 

short term secretory capac1 ty and respons1veness to 

provocat1ve st1mul1 between the two select1on l1nes. 

The sampl1ng durat1on and frequency of the f1rst phase 

of the exper1ment allowed for the establ1shment of plasma 

prof1les The sampl1ng des1gn was necessary to accurately 

evaluate endocr1ne and metabol1c events as b1olog1cal 

systems are 1nherently var1able. Therefore, frequent and 

substant1al durat1ons of measure are necessary to account 

for the port1on of th1s var1ab1l1ty that 1s of s1gn1f1cant 

phys1olog1cal 1mportance. Th1s 1s espec1ally true when 

evaluat1ng GH s1nce 1 ts ep1sod1c pattern of secret1on 1s 

thought to be a maJor determ1nant of the growth response 
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The ut111zat1on of PULSAR to detect and def1ne plasma 

prof11e character1st1cs of 1nsul1n and glucose was based 

upon the rat1onale that although glucose and 1nsul1n are not 

thought of as be1ng 'released' per se, 1n the same fash1on 

as GH, each 1s respons1ve to numerous metabol1c and 

endocr1ne cues. Hence, both 1n th1s context are dr1ven or 

controlled. Therefore, a port1on of the var1ab1l1ty dur1ng 

the 12-h per1od, Just as 1n the case of GH, may be 

b1olog1cally 1mportant var1at1on that can and should be 

measured and evaluated. 

From the del1neat1on of a number of the character1st1cs 

assoc1ated Wl th modulat1on or control of GH, 1nsul1n and 

glucose secret1on, the organ1zat1on of these events was 

evaluated for the1r level of spat1al 1ntegrat1on and further 

related to d1fferences 1n growth performance. The necess1ty 

for th1s type of 1ntegrated analys1s was ev1dent from 

results of the f1rst phase of the exper1ment. The 

evaluat1on of each plasma parameter 1ndependent of the 

others (espec1ally 1n the case of GH) would have prov1ded 
( 

1ncons1stent and 1nconclus1ve results w1th respect to growth 

rate. 

It should be ment1oned that only three of many 

1mportant growth regulators were assessed 1n the present 

exper1ment. Therefore, the descr1pt1ve scope of the present 

model 1s st1ll somewhat l1m1 ted. Certa1nly other plasma 

factors should be exam1ned 1n future exper1ments to prov1de 

a more accurate descr1pt1on of the phys1ology of these two 
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llnes Several candldates for examlnatlon would lnclude 

somatomedln-C, a GH-dependent, llver syntheslzed and 

secreted peptlde, whlch has been found ln hlgher 

concentratlons ln lambs and plgs demonstratlng rapld growth 

and leaner carcasses. Thyrold hormone and thyrold releaslng 

hormone status should also be consldered as these are 

lnvolved ln the control of GH secretlon as well as 

assoclated Wl th both 

Glucocortlcold levels 

catabollc 

and patterns 

and anabollc events. 

should be deflned as 

stress responses have been observed to alter the eplsodlc 

release and sensltlvlty to many hormones lncludlng GH In 

addl tlon, the glucocortlCOlds appear to play a permlSSlVe 

role on the effects several other endocrlnes Slmllarly, 

llttle lnvestlgatlon has been focused on the role of 

extrahypothalamlc braln centers ln the control of endocrlne 

release and nutrlent utlllzatlon. 

Beyond the measure of hormone and nutrlent patterns and 

concentratlons, questlons of how growth processes are 

regulated at the cellular level, speclflcally at the level 

of the receptor are stlll largely unresolved and should be 

addressed. 

to respond 

A clearer knowledge of the anlmal's capablllty 

through an understandlng of llgand-receptor 

events lS requlslte to the appllcatlon of growth enhancement 

related technology ln the swlne lndustry 

Lastly, the second phase of the experlment ralses the 

lssue of the utlllty of the appllcatlon of pharmacologlcal 

challenge ln deflnlng dlfferences ln metabollc and endocrlne 
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events The applJ.catJ.on of these methods J.S useful as a 

clJ.nJ.cal tool J.dentJ.fJ.ng the presence or extent of metabolJ.c 

pathology or abnormalJ.ty, such as dJ.abetes or obesJ.ty. 

However, the usefulness of applyJ.ng these pharmacologJ.cal 

methods to answer questJ.ons concernJ.ng physJ.ologJ.cal 

mechanJ.sms assocJ.ated wJ.th relatJ.vely slJ.ght dJ.fferences J.n 

growth characterJ.stJ.cs WJ. thJ.n normal populatJ.ons such as 

those selected for thJ.s study J.S unclear. Perhaps when 

J.nJ.tJ.ally defJ.nJ.ng physJ.ologJ.cal mechanJ.sms, more meanJ.ngful 

conclusJ.ons can be drawn from J.ntegrated analysJ.s of data 

obtaJ.ned under temporal condJ.tJ.ons as J.n the fJ.rst phase of 

thJ.s experJ.ment. 

Only when the synergJ.sm of the growth-related factors 

J.s understood WJ.ll consJ.stent J.mprovements J.n growth 

effJ.cJ.ency be attaJ.ned. WJ.thout a broad base of knowledge, 

aJ.med at elucJ.datJ.ng the mechanJ.sm whereby physJ.oloJ.cal 

events govern growth and development, J.ndJ.scrJ.mJ.ate 

applJ.catJ.on of growth promotants WJ.ll provJ.de only partJ.al 

solutJ.ons to the questJ.on of how to most effJ.cently apply 

bJ.otechnologJ.cal technJ.ques J.n the lJ.vestock J.ndustry. We 

must therefore contJ.nue to compJ.le J.nformatJ.on regardJ.ng the 

J.nteractJ.ons among growth related events to subsequently 

J.nterface the use of growth promotants WJ.th commonly 

encountered productJ.on practJ.ces and envJ.ronments J.n the 

most economJ.cally and physJ.ologJ.cally advantageous fashJ.on. 
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APPENDIX 



I. Insul1n Rad1o1mmunoassay 

A. Assay Buffer 

Stock A 01 M Phosphate Buffered Sal1ne • 

• 16 g Sod1um Phosphate Monobas1c 

(NaH 2Po4). 

1.25 g Sod1um Phosphate D1bas1c 

Heptahydrate (Na 2HP0 4). 

9.00 g Sod1um Chlor1de (NaCl). 

1.00 g Sod1um Az1de (NaN 3). 

In a 1 l1ter volumetr1c flask d1ssolve all the 

reagents 1n 600 ml of d1st1lled de1on1zed water 
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(ddH 20), then qs w1th ddH 20. AdJUSt the pH to 7 5. 

Stock B .1 M EDTA Solut1on 

3.72 g D1sod1um Ethylene 

d1am1netetraacetate D1hydrate • 

• 40 g Sod1um Hydrox1de (NaOH). 

D1ssolve all reagents 1n a 100 ml volumetr1c flask 

w1th ddH 20, then qs W1th ddH20 

7.5. 

Assay Buffer (AB) 

89 ml Stock A 

10 ml stock B 

AdJUSt the pH to 

1 ml Normal Gu1nea P1g Serum1 

1 S1gma Chem1cal Co., St Lou1s, MO , Ctlg No S3634, Lot 
64F-9300 
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3 

B 2 
Porc1ne Insul1n Standard 

1. 50 mg * 25.2 U/mg = 1260 U 

2. Add to 25 ml volumetr1c flask, qs w1th assay 

buffer. Therefore, 1260 U/25 ml = 50.4 U/ml 

= STOCK A. 

3. Transfer 1000 ul of STOCK A to a 100 ml 

volumetr1c flask and qs w1th assay buffer 

Therefore 

50.4 U/ml/100 ml = .504 U/ml 

= 50,400 mU/100 ml 

= 504 mU/ml 

= 504,000 uU/ml = STOCK B. 

4. Transfer 500,000 uU 1nto a 50 ml volumetr1c 

flask. Therefore 

504,000 uU/500,000 uU = 1000 ul/X 

X= 992 ul 3 

Therefore 
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500,000 uU/50 ml = 10,000 uU/ml = STOCK C. 

5. Standard D1lut1ons 

STND (uU/ml) Amt of Stock C (25 ml) ul Stock C 

2.5 2.5 * 25 = 62 5 uU 6.25 

S1gma Chem1cal Co., St. Lou1s, MO., Ctlg. No I3505, 
from porc1ne pancreas, 25 2 U/mg, crystall1ne 
Conta1ns 499,686 uU. 
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5 0 5.0 * 25 = 125.0 uU 12.50 

STND (uU/ml) Amt of Stock c (25 ml) ul Stock c 

10.0 10 .o * 25 = 250.0 uU 25.00 

25 0 25.0 * 25 = 625.0 uU 62.50 

50.0 50.0 * 25 = 1250.0 uU 125.00 

100.0 100.0 * 25 = 2500.0 uU 250.00 

c. Pr1mary Ant1body D1lut1on and T1ter Determ1nat1on 

1. One ml of 1·50 gu1nea p1g ant1-pGH ant1serum 

was al1quoted 1nto 10, 100 ul quant1t1es 1n 1% 

gelat1n1zed v1als w1th teflon caps, and 

stored at -80oC. Th1s procedure was performed 

at 4 c. 

2. For t1ter1ng purposes, the rema1n1ng 200 ul of 

1 50 Gu1nea P1g ant1-pGH was d1luted w1th 39.8 

ml of cold assay buffer to y1eld 40 ml of a 

1 10,000 d1lut1on. 

3. Us1ng a autop1pette, 250 ul al1quots of the 

r1 10,000 d1lut10n Were del1vered 1nt0 160, 10 X 

75 mm polypropylene tubes, paraf1lmed and 

capped. Al1quots were frozen at -80 C unt1l 

used. Th1s step was also performed at 4 c. 

4. D1lut1ons made 1n1t1ally for determ1nat1on of 

ant1body t1ter were 1 100,000. 1 200,000, 

1 400,000, 1 600,000, 1 800,000, and 

1 1,000,000 

D Assay Protocol 



1. Assay was performed 1n glass 10 x 75 mm 

boros1l1cate glass tubes. 
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2. All reagents were brought to room temperature 

pr1or to use. 

3. Proper volume of buffer was p1petted 1nto all 

tubes (600 ul, TCT, 400 ul, NSB, 200 ul, TB, 100 

ul, standards and unknowns) 

4. A volume of 100 ul of 1nsul1n work1ng standard 

or sample was p1petted 1nto the appropr1ate 

tubes 1n tr1pl1cate and dupl1cate, respect1vely. 

5. A volume of 200 ul of the pr1mary Ab 

(1·200,000) was added to all tubes except the 

TCT and NSB tubes. 

6. A volume of 200 ul of 125I-p-1nsul1n (10,000 

CPM) was p1petted 1nto all tubes. Tubes were 

vortexed and 1ncubated at 4 C for lB h. 

7. Follow1ng 1ncubat1on, 200 ul of second Ab was 

added to the appropr1ate tubes. Tubes were 

vortexed and 1ncubated at room temperature for 2 

h. Total react1on volume was BOO ul/tube. 

B. Tubes were centr1fuged at 4 C for 30 m1n at 3000 x 

g. 

9. The supernatant was poured off from all tubes 

except the TCT and the pellet was counted for 1 

m1n/tube. 

E Tracer Chromatograph~ 
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Reagents 

1. Assay Buffer (less normal 

.01 M PBS/EDTA, pH 7.5. 

.01 M PBS/EDTA, pH 7.5 + 2. 

3. .01 M PBS (8 ml) , pH 7.5, 

mg BSA/10 ml (RIA Grade) • 

Column Preparat1on 
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gu1nea p1g serum) 

25 mg BSA/25 ml. 

2 ml acetone, 100 

1. Use a 5 cc d1sposable syr1nge for the column. 

2. Pack the syr1nge w1th 1-2 ml of dry CF-11 4 

celluose w1th a d1sc of Whatman 40 f1lter 

paper 1n the bottom of the syr1nge before 

pack1ng. 

3. R1nse the column w1th 4 ml of the Assay 

Buffer. Let buffer run to JUSt above the 

pack1ng mater1al and clamp. 

Elut1on Sequence 

1. Apply the 1sotope to be chromatographed on 

the column. 

2. Apply 3 volumes, 4 ml each of Assay 

Buffer to y1eld 12 ml 

as fract1on I. 

Pool eluent together 

3. Apply 6 volumes, 2 ml each of Assay 

Buffer and collect 2 ml fract1ons 1n tubes 

Whatman Inc., Cl1fton, NJ. 
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labelled 1-6. 

4. Apply 3 volumes, 4 ml each of assay buffer + 

.1% BSA to y1eld 12 ml. Pool eluent together 

as fract1on II. 

5 Apply 6 volumes, 2 ml each of the same buffer 

and collect 2 ml fract1ons 1n tubes labelled 

7-12. 

6. Apply 2 volumes, 2 ml each of assay buffer + 

20 % acetone + 1% BSA. 

7. Collect f1rst two ml as fract1on III. 

8. Collect second 2 ml as fract1on IV. 

9. Count 10 ul al1quots for 1 m1n and plot counts 

versus fract1on number to determ1ne 

rad1oact1ve peaks. 

II. Growth Hormone Rad1o1mmunoassay 

A. Buffers 

1. .01 M Phosphate Buffered Sal1ne (PBS) 

Stock A 69.01 g Sod1um Phosphate Monobas1c 

(Na 2H2P0 4*H20). 

D1lute to 1 1 w1th ddH 2o to y1eld a 

.5 M stock reagent 

Stock B 134.04 g Sod1um Phosphate D1bas1c 

Heptahydrate (Na 2HP0 4*7H 2o) 

D1lute to 1 1 w1th ddH 2o to y1eld a 

5 M stock reagent 



PBS 5.71 ml Stock A 

14.86 ml Stock B 

8.17 g Sod1um Chlor1de (NaCl) 

10.00 g Th1merasol (C 9H9HgNao 2s). 

Add all reagents to 1 1 volumetr1c flask, qs 

w1th ddH2o, adJust pH 7 and store at 4 c. 

2. Assay Buffer (.01 M PBS + 1 % BSA) 

Bov1ne Serum Album1n (BSA) 
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a. Add 15 g RIA grade BSA 1n 50 ml ddH2o to 

make a 30 % solut1on (takes approx1mately 

12 h). 

b. Add 33 ml of 30 % BSA to 1 1 of • 01 M 

PBS. 

c. AdJUSt pH to 7.4 and store at 4 c. 

3. Iod1nat1on Buffers 

.5 M PhospPate Buffer 80 ml Stock A 

20 m1 Stock B 

a. Add to a 1 1 vo1umetr1c flask and qs w1th 

AdJust to pH 7.5, f11ter through 

a .45 u m11l1pore f1lter. Store at 4 C 

05 M Phosphate Buffer 4 rol Stock A 

21 ml Stock B 
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a. Add to a 50 ml volumetr1c flask and qs 

w1th ddH20. AdJust to pH 7.5 and store 

a 4 c. 

B. Porc1ne Growth Hormone Standard 

1. We1gh out 125 ug pGH (USDA pGH-B-1). 

2. Transfer to a 50 ml volumetr1c flask and qs 

w1th assay buffer. 

3. Prepare standards as follows 

Stnd Cone Stock Buffer 
ng/ml Volume (ul) Volume (ml) 

1 20 49.98 

2 40 49.96 

4 80 49.92 

6 120 49.88 

8 160 49.84 

10 200 49.80 

15 300 49.70 

20 400 49.60 

c. pGH Iod1nat1on 

Reagents 

1. Chloram1ne-T 

a. We1gh and transfer .015 g chloram1ne-T to a 

25 ml volumetr1c flask and qs w1th 05 M 

phosphate buffer 
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2 Sod1um Metab1sulf1te (Na 2s 2o5) 

a. We1gh and transfer .025 g sod1um 

metab1sulf1te to a 25 ml volumetr1c and qs 

w1th .05 M phosphate buffer. 

3. Sod1um Hydrox1de (NaOH) 

a. Prepare w1th dd H20 to y1eld a solut1on of 

pH 9. 

4. pGH 

a. We1gh and transfer 50 ug pGH and d1lute w1th 

50 ul .5 M phosphate buffer to y1eld a 1 

ug/ul preparat1on. 

Column Preparat1on 

a. Use a 5 cc d1sposable syr1nge for the column 

b. Place a glass bead 1n the bottom of the 

syr1nge. 

c. L1ghtly pack column w1th BIO-RAD AG 1-X8 an1on 

exchange res1n to approx1mately the 2 cc mark. 

d Attach a 16 gu Clay Adams luer stub adapter to 

the end of the syr1nge over wh1ch attach sl1de 

a 2 em p1ece of teflon tub1ng. 

e. R1nse column w1th 1-2 ml of .5 M phosphate 

buffer followed by 1 ml of assay buffer and 

f1nally 2-3 ml of 05 M phosphate buffer 
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f. Let the last buffer run to JUSt above the res1n 

and clamp 

Procedure 

a. Add 5 ul of pGH to react1on v1al (5 ug). 

b. Add 16 ul NaOH (pH 9) to 125 r 5 v1al to y1eld a 

solut1on of 5 mC1/25 ul or 1 mC1/5 ul 

c. Add 25 ul of .5 M phosphate buffer to react1on 

v1al. 

d. Add 5 ul of 125r (1 mC1/ul). 

e. Add 5 ul of chloram1ne-T. M1x for 60 sec. 

f. Add 20 ul sod1um metab1sulf1te and m1x for 2-5 

sec. 

g. Add 200 ul .05 M phosphate buffer and layer on 

the column w1th a pasteur p1pette. 

h. R1nse the react1on v1al w1th 100 ul of .05 M 

phosphate buffer and apply to the column. 

1. Elute w1th 6 ml of .05 M phosphate buffer and 

collect 1 ml fract1ons 

D. Pr1mary Ant1body Preparat1on 

a. Gelat1n1ze 10 x 75 mm boros1l1cate glass tubes 

w1th .1 % (w/v) gelat1n solut1on. 

b. Ant1body, suppl1ed 1 400, lyoph1l1zed was 

reconst1tuted w1th 12.5 ml of assay buffer to 

Amersham, 350-600 mC1/ml, Ctlg No 
He1ghts, IL 

I~S 300, Arl1ngton 
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y1eld a 1 1000 d1lut1on. 

c. D1luted ant1body was stored 1n 200 ul al1quots 

at -80 C 1n gelat1n1zed tubes 

E. Assay Procedure 

a. Standard curve was prepared 1n tr1pl1cate us1ng 

300 ul of each standard and 200 ul of assay 

buffer. 

b. TCT, NSB and TB were prepared 1n tr1p1cate. 

c. For unknowns, 300 ul of the sample and 200 ul of 

assay buffer were assayed 1n dupl1cate. 

d. 200 ul of the pr1mary ant1body (1 40,000) was 

added to all tubes except the TCT and NSB tubes. 

5. 200 ul of assay buffer w1th 1% normal gu1nea p1g 

serum was p1petted 1nto the NSB tubes and 800 ul 

of the assay buffer was added to the TCT tubes. 

6. Tubes were vortexed and 1ncubated at 4 C for 24 

h. 

7. Follow1ng 1ncubat1on, 100 ul of 125 r-pGH was 

added to all tubes. Tubes were vortexed and 

1ncubated for 24 h at 4 c. 

8. Follow1ng 1ncubat1on 200 ul of the second 

ant1body (1·1 0) m1xed w1th 500 ml of 6 % (w/v) 

polyethylene glycol (PEG) 6 was added to all 

6 Should be prepared 24 h 1n advance of add1t1on and stored 
at 4 C 
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tubes except the TCT. Total react~on volume was 

1500 ul/tube. 

9. Cent~fuge tubes for 30 m~n at 3000 x g, pour off 

supernatant from all tubes except the TCT. 

Invert tubes and dry overn~ght, count for 1 

m~n/tube. 
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