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re 1 ease. 

Thesc r~sultc; demonstn:llp that intracel lular ~JI\lcopenia 
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INTRODUCTION • 

Growth hormone (GH) i'1 r' trorhlC hormone of the anterior 

pitult,êlry (lliln': wllh êl lar']f> molecular wel'lht WhlCh, as 

h a v p il <~ D " ~ ) f i ( C,rowth horrrolJc hélS a mo re 
,\ 

gener"lllZf" i)ct : ,n, 1" tllat 

hoth and 11.'1 (l,tlon on othese 

metahnllcnl1y (lC:t,lve t ,'1<)\1('<; 1'iay Vé1ry depenrling on the tissue 

(Chee v anrl fllll, 1974). 

the T""lptahrd lC c:Jntrol nf YhtermeCllary mptabolites such as 

carhonyd,rat."s, lipIde; And protpins (Relchlin, 1974) These 

ohservêltinns havp suqqestcrl tü many earlier InvestigêiLors 

that (;f! releilse may he regulaterl hy metêlh01ism anri that 

adequ a te ;:; la sma concQntration of this hormone was Important 
1 

for nnrmal metabolic functlons. Tt is therefore of interest 

to lI,nden:;tanrl the mechanisms wherehy this control is achieved 

and l t,s importance in day-to-day metabol ism. 

Metabolic Regulation of GH Secretion 

GH and carbo..,bydrate metabolism. The role and action of GR ln 
"1 

modu l at inq carbohydra te Ple tabollsm was ev i denced by the 

f ino i 'lq that <'loministration of CH tn an ima ls producerl 

alterations in carbohyrlrate metahol ism. l\ltszuler and his 

co-workers ln 1959 (Altszuler, SteeJe, WaJl, Dunn and De 
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Bodo, 1959) presented the first report showing that GH was 

capable of increasing hoth glucose production anrl utilization 

in normal as weIl as in hypophysectomized animaIs (dogs) • 

Thereafter, it waR found that the effect of GH was hiphafiic, 

with an early InRulin-like effect resulting in a fall in 

plasma glucose level, followed by an anti-insulin-like ilction 

(Altszuler, StE'elp, Rathgf>b and De Rodo, 1968; Alt_szuler, 

1974; Merimee, 1979). These earlier finrlingR raiseo the 

poss i hi 1 i ty that GH re lease m ight he regu lateci hy ca rhohy-

drate metaholism and perhaps be involverl in matntaining 

glucose homeostasls, as weIl as regulating the metabolic 

adjustments to fac;ting and other situations of suhstrate 

deficiency (Cahill, Herrera, Morgan, Soeldner, Steinke, Lev'y, 

Reichard and Kipnis, J96f?). 

Roth and hi s co-workers" in 1963, were the fi rst to 

report that hypoglycèmia induced by insulin was a potent 
v ' 

st imu la tor of GH secret ion (Roth, Gl ick, Va low and Berson, 

1963(a». They demonstrated that hypoglycemia stimulated GH 

release in fas ted subj ec ts and that th is o respons e was hlocked 

by simultaneous infusion of glucose and insulin. These 

findings were at that time interpreted ta indicate a direct 

relat ionship between plasma glucose and GH level. F'urther-

more, other stimuli such as moderate exercise, fasting 

and inhibition of intracellular glucose utilization were all 

found to cause a significant elevation of plasma GH level in 

q 
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normal human subjects, (Faiman, 1965; Marks, Howorth and 

Greenwood, 1965; Hunter, Rigal and Sukkar, 1968), while 

administration of glucose produced an abrupt fall in plasma 

'GH (Roth, Glick, Yalow and Berson, 1963(b), ami 1964). In 

the Ilght of these observat ions it was hypothes l zed that GH 

was direct Iy involved in glucose homeostasis (Luft and 

Ceras i, 1968 } • HoweverAlthe 

test used in these ~tudles oes 

insulln-induced hypoglycemia 

not Slmulate a normal physio-

log ical cond i t 10n and the GH response observed might there-

fore, not he part of dally glucoregulatory mechanisms. 

Several experiments questioned the role of GH in glucose 

homeostasis. l ndllc t ion of a sma Il decrease ln pl asma glucose 

level by administration of low doses of insulin did not 

result ln siqnificant r,H n>]ease (Koh, Kohn, Catt and Burger, 

1968) • In addItion, thlS study also demonstrated that 

spontaneous fluctuatIons ln plasma GH occurred with no appa-

rent reL1tion to the changes in plasma glucose levels. In 

1970, Glick (Gllck, 1970) presented a study in which he 

showed t/lat the thresholrl fall in blood glucose that was 

necessary to induce significant GH release was beyond that 

observed under normal circumstances. The use of sequential 

blood sampllng in normal aou 1 ts demons tra ted that changes in 

plasma concentration of GH were independent of plasma glucose 

during a 24-hour fast (Quabbe, Schilling and Helge, 1966) as 

weIl as independent of feeding regimens. Gllck and Goldsmith 
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'(Glick and Goldsmith, 1968) reported that rhythmic fluctua-

tions of plasma GH o,ccurred in bath fasting and feeding con-. 
ditions in normal male and female subJects. ThereaEter, it 

fi 

was shown that ne i ther glucose nor prote i ns a re li i rectly 

involved in modulatIon of GH secretion, and that the perlodic 

rhythm i c 'secret ion of GH was i ndepe ndent of norma l da i l Y 

metabolic processes (GoldsmIth and GIICk, 1970). ~10re recent 

investigations ln man were not able to estahl ish a d ïrect 
.; 

correlatIon between plas~a glucose level and GH release 

(Cryer, 1981; Tse, C1utter, Shah, MiLler and Cryer, 1983) 

ruling out the possibility of a specific raIe for GH ln glu-

cose homeostas i s u nder normal phys 1010g ica l cono i t ions in 

healthy adult human subjects. 

Similar findings were observed in other anImaIs species 

although there appeared to be a wide degree of species speci-

ficity (Machlin, Té\kahashi, Borino, Hertelendy, Gordon and 

Kipnis, 1968). Whi1e the monke~' was found to have d pattern 

of GH release that was similar to human (Meyer and Knobil, 

1967), the pig exhibited only a slight elevation in plasma GH-

in responSG to 'an hypog1ycemic challenge (Machlin, fJorino, 

Hertelendy and Kipnis, 1968). Moreover, the rabbit (Mclntyre 

and Ode11, 1974), the cat (Kokka, Garcia, Morgan and George, 

1971) and the mouse (Müller, Miedico, Giustina and Cocchi, 

1971) were unresponsive ta such a stimulus. Conf l icting data 

have been reported in the rat. Whi1e earlier investigators 

reported a decrease (Takahashi, Daughaday and Kipnis, 1971) 
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in plasma GH level ln response to cellular glucopenla, as 

weIl a~ clecn=>a~erl (;n content in the anterlor pitultar'l! qlanrl 

of stiirveo t-ots (Fr10dm,'1n and Hpichl1n, 19h5), more rt'c(>nt 

invec;tl(lator"~ have> dernonstratpd hoth ,1 deCr't'élSP ('TannenhaulTI, 

MartIn ?lnd Colle, 

1980) ln plilslTIZl CH ln rC'c,[l<ln';p t'() hyroqlyn,·mia. Thec;,' con-

f l i c tin <J r cs II 1 t c; fur t h l' t- co mIl lie il t (' d t h C' P t- Cl h 1 (' rn ,l n d th us 

thlS ic;c;up rernêllns uncl,,>ar dl1l1 warriint·:; flll-ther lr1Vestlqé'i-

tion. 
\-

GH and protein metaholism. Grnwth !1oy!l)OrH' stllTlulatec; prclt.ein 

synthe~ic; (Kosty() and Nutting, 1974; McrImce, 1979) thus 

creatIneJ a positIve nit.rogen' halancf~. In the llqht ()t thl!'> 

action of GH, the effects of protein ami various amino ncids 

on the secretIon of GH were investigated. f':ven though I nfu-

sion of arginine was followed hy signlficant release of CH in 

the plasma of normal malp ana fpmale suh]eets (Knopf, Conn, 

Fa]ans, Floyd, Guntsche and Rul1, 1965; Merimee, BlJrçless and 

Rahinowitz, 1966), Best and hic; collahorators (Best, Catt and 

Bu rger, 1968) presen ted da ta suggest i ng t hat the GH responsE' 

to \an arginine infusion test WëlS not a specific response 

si nce GH f lue tua t ions we re also ohse rvea in the plasma of 

control subjeets only recelving a saline inJectlon. There-

fore, it cannot be assumeo that in humans, am:ino acids, and 

consequently proteins, hélve a major role in GH\egUlation. 
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GH and fat metabolism. Growth hormone is al~o known to play 

an important ro1f' in the control of fat mE'tahollsm, sincp it 

shifts qt>ncri11 

adiposp ;,n<1 Enohl1, (;(Î( l' lrn ,111 dnd 

SchwarL7, 1974; H0Uhl, f111!C;tt'ln, SpPlllnq, (;n'qq, ')!lhhl.lh i1ncl 

Matthew'), 1981). 

1961). 

1973) ln which plasma free [atly ACIde; v/en' shown tn play ,ln 

G 
important roI!'! in CH hompostFlslS, it Wil<; nnt possihlt, tn 

ohtain ',uch pronE for otht>r c;peclf~s; nnly c;u[1rdphysl()ln(J1~:(d 

levels of fnt ln the plasma of rnonkcys were 21hle tn InchlCf> t1 

GH responsc (Blackard, Royh'n, BInson und Nelson, 1964). 

~1oreovpr, the time )aps(' hetwcen the adT'1inistratlon of the 

fat surplus and thp GH res[1onse was ofte>n too qreat to 

estahlish a direct correl,üir)r1 ((;lick" 19(9). Tl Wi'lS t hl" nce 

concllldpcj that free fRtty tlciels nnly play i1 rninor r-010 ln CH 

re g u lat ion und e r no r mal Cl r cu m st a n ces. 
,< \ 

Central Nervous System Regulation of GR Secretion 

Hypothaiamic control of GH secretlon. F:vldence for central 

nervous system (CNS) regulation of GH secretion arise'3 from 

several clinical and experimental observatlC"ll1s. From a 

clinlcal point of view, it was ohserved that patIents with 

pituitary stalk section for non-pituitary rlisorders bacl 
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of GH r(Hc;pnnsf> t-n ln<;ulln-induccd hypoqlycemia «(;lirl<, H()th, 

Yalnw ,1n<1 f\f>fSOn, 1965). 

-
refl,"'x CH f(·.,pnns(· tf) .. n hy!,oql'/cCnllL challi-"n(j('. 1)) rAct 

Lesion experimer:ts. Pf-'lchl1r1 (Hclchlln, 19r,O and 196J) was 

the firc;t to rlèfT10nstr;:ltc thal, ln réltc;" extf~nSlve leslons 

locatcd ilt tlH' hAse nf thp hypothalélmus, Includlnq thp ITledlan 

emlr1enCe, C<lIlSPrl cl clecrea sp in C;Onl?lt.1C qrnwth, 

pitultary GH content ilnd decreaserl [llasma GH levf~lc; as 

determlned hy the tihlal e[11physf'al assay. Mnrf'over, AhraT'ls 

and hif:; coworkerc; (Ahrarrs, Parker, Rlanco, Relchlin and 

DauqhacirtY, 1966) showerl, using radloimmuoassay (RIA), that in 

the squirre1 mnnkey hypothfllamic lesions restrlcterl to the 

mecilan emlnence resulted in failure of the (;H response tô 

insuli~-lnrluced hypoglycpmia. More speclflcally, it was 

nhserveci that lesions limlterl to the ventromerllal hypothala-

mie (VMH) area wh ich spared the rned L~n f>minence, hut 

infringed on the arcuate nllcleuc;, caused growth retardatlon 

assoc Iated wi th deplet Ion of pl tu l tary GH content and ciect-ea-

sec! plasma CH concentration ln ..... eanling rats (Frohman and 

Rernardis, 1968). It was al~o shown that the extent of the 
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def iC" 1 t was proport i ona l to the les ion si ze (Berna rd i sand 

Frohman, 1970). 

More recent. investiqatlons using thf' neurotoxlC agent 

mnnosndium qlutamate, wrllch c;e1ectively destroys the arcuace 

nllclpuc; (TGrry, Epelhaum dnd MartIn, 198]; t·111 lard, ""artln 

Jr., J\udet, Sagar and r-1nrtin, ]982), or e1ect rolytic lesion 

of the VMH-arcuate complex (Martin, Renaurl and J'\razei'lu, 197,1; 

r;ikelh()orn and Tannenbaum, 1983) demonstrated thal the meclIo-
, 

basal hypothalamus was stimulatory tn (~H secretion Slnce its 

destructlon was followed hy sllppresserl plasma GH concentra-

tlon. Furthermore, anlIl'als ln which il11 the neural connec-

tians hetween the anter 1 or and med io-basal hypotha lamus we re 

interruptecl were found to have normal and often Increased CH 

secretion (Collu, Jéquier, Letarte, Leboeuf and Ducharme, 

1973; 'Mitchell, Hutchlns, Schindler and Critchlow, 1973; 

willouqhby, Terry, Brazeau and MartIn, 1977; Critchlow, Rice, 

Ahe and Vale, 1978; Antoni, r>1akara and Rappay, 1981) and 
\, 

slmllarly, lesioning the medial preoptic anterlor hypothala-

mic area resu1ted in elevated plasma GH concentratIon 

(r~pelbaum, willoughby, Brazeau and ~1artin, 1977; vlilloughby 

and Hartin, 1978; Critchlow, Abe, Urman and Vale, 1981). 

Taken together, these data provided support for the view that 

the medin-basal hypothalamus, more specifically the VMH-

arcuate reg Ion, contained the putative GH-releasing factor 

(GRP) neurons, with the anterior-media1 preoptic hypothalamic 
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region as the GH-inhihitory regulatory center. 

Stimulation experiments. Data from experiments whereby 

selective brain regions were stimulated providerl addltional 

support to the idea that GH secretion was under hypothàlamic 

control. 8lectrical stimuldtlon of the VMH-arcuate complex 

was shown to b12 capable of inclucing a prompt rise in plasma 

CH concentration within five minutes after the terminallon of 

the stimulus wlth the peak GH 1evel reached by 10-15 minutes 

(Frohman, Bernardis and Kant, 1968~ Bernardis and Frohman, 

1971). Furtherwore, positive GH responses were also ohtained 

From regions located outsirle the hypothalamus (Martin, 1972)~ 

both dorsal and ventral hippocampus, and the basolateral 

amygdal a were st imula tory loc i to GH sec ret ion wh ile the 

corticomedial amygdala was inhihitory· to the secretion of .the 
4t 

hormone. In addition, electrical stimulation of the anterior 

hypotha lamus caused a dec rease in plasma GH levels fu rther 

implicating this region as an inhibitory locus for GH control 

(Martin, Tannenbaum, Willoughby, Renaud and Brazeau, 1975). 

Neurohormonal Control- of GH Secretion-
,~ 

In parallel to the early lesion and stimulation experi-

ments ment ioned above, a nd in v iew of the ex i s tence of a 

chemical connection between the hypothalamus and the pituita-

ry gland via the portal circul~tion, other investigators were 

interested in studying the effects of administration of hypo-
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thalamic extractc; nn (;H ndf'élsP to pnc,sitdy lr1pntify thf' 

hypnthalé'lmic CH-n"gu 1 nt ory factors. dnc! 

ex i c:; te nec n f il (; 11- r (> l e éI sin q f éI C t n r l n ,1 <'i cl .-. x t r ,1 ' : t c; () f r ,) t 

hypothalilP1us. 

cllltUrE)d rnt nnterior pltUltnrJC'c). 

tion of extrncts clerlVf'd From other tn-,:lln r"îJl(ln'> wprp 1n(·f--

fect.l ve ln inrlucing GH relf'ase. ~'Jlth thf' "rivent 

specifie RIA to measure GH ln the plasma, It rWCélme possihle;; 

to evaluate more precisely the cffects nf hypothalrlmic 

extracts on GH r€'lease from the anterlor 'pltultar'y'. r n t hF' 

rhesus monl<ey, in viyo administration nf c;hee>p hypothalamlc 

extraets caused a significant incre>ase' in plasma GH levpl 

with a tlme course reseP1bllng that ohserved followinq an 

hypoglycemic challenge (Garcia and Geschwind, 1<)66). Slmllar 

ohservations were made in other specle's as weIl. Int.ra--

carotid administration of extracts From bovine staIl< median 

eminence fragments induced an increase ln the basal plasma GH 

level of sheep (Machlin, Horino, Kipnis, Phillips and Cordon, 

1967) and intravenous administration of porcine hypothalamic 

extracts was very effective in indueing a GH response in r<lts 

(Malacara and Reichlin, 1971). Later, it was observed that 

other hrain peptides were also effective in spmulating GH 

re lease f rom the pi tu i tary gland al though none of them was 
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spt->clfl(' (Mi1rt ln, Tannenballm, v-il} louqhby, 

!!Xperlfl1 p nt s, 

cortrrd .,f V ru J 1 (~h and 

, 
tht, "np'H'ILy lr, Jnhl~lll t}'dt l synth''''il'o dl)!l r-.-'le(l"" "f (·11 ln 

tory fêlct(,r wa~; t>ltlClrliit(·rJ. 

Sornatostatln. SOfl1atostiltln (SRIF) 

HurrJuc-;, L1ng, Rutcher, PlvlPr r)nd (;ulliemin, 1973). l t was 

lsoli1ted charactprlzed fro]'T1 shf.~ep hypothali1mlC 

pxtract. Tht-> dlscovery uf thle:; pepti<ie stll'1ulated researclt 

ilnd il. soon became (>vldent that SPIF was a potent inhlhltor 

of GH release to virtually aIl known stimulI, both in vivo 

and in vitro, and in a wlde variety of species lncluriing man 

(Martin, Tannenbaum, Willoughby, Renaud and Rrazeau, 1<}75). 

Moreover, it was shown to have a wH1esprearl Inhibitory effect 

on hormone release in general. Immu nocytochem lca l stu ri ies 

have localized SRIF in various brain regions with the primary 
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somatostatinergie neurons in the anterior-preoptic hypotha-

1amus (Brownstein, Arirnura, Sato, Scha11y and Kizer, 1975~ 

A1pert, Brawer, Pate1 and Reich1in, 1976; Filhy and r,ross, 

1983) WhlCh ie; consistent wlth the earlier physiologie 

studiec;. In add1tFm, SRIF was found in several penpheral 

orÇJans sucb as thp pancr~atic is1t~ts (Luft, P.fenrlic, Hokfe1t, 

Johansson and AruTlurct,. 1474; Pellet1pr, Leclerc, Arimura and 

Scha1ly, 1975) c1nd the ()a<,trolntestlnrtJ tract (J\rllnul-a, Sato, 

Coy and Schally, 197'); Patel and Relch11n, 1978). Thec;e 

later flnrllngs fltterl wpll with the ohservations that SRTF 

was aisn effective in supprE'SSlng 1'15u11n (Alberti, 

Chrlc;tenspn, Christensen, Prange Hansen, Iversen, Lundhaek, 

Sever-Hansen anrl 0rskov, 1973; Koerker, Ruch, Chideckel, 

Palmer, Enc;lnck, (~oodner and Gale, 1974), g1ucaqon (Cerich, 

LorenZl, SchneIder, Kararn, RIvier, GUlllemin and Forsham, 

1974; Dnbhs, Sakural, Sasakl, Faloona, Va1venle, Raetens, 

Orcl ann IJnqer, 1975), ']astrin (B1oom, Mortimer-, Thnrner, 

1 
Russe Il, Coy, Kas tIn ann Besser, Hall, r,omez-Pan, Roy, 

Schally, 1974) 'rilnd secretln release (Boden, SivItz, Owen, 

Essa-Koumar anrl Landor, 1975)'. 

Finally, experlmentR uSlng a specifle ~ntiserum ta SRIF 

have shown that SRIf has a physloloaica1 role ln the regula-

tinn of (;H secretIon unrler both normal and pathologicai 

condItIons. Admlnistration of SRIP antiserum elevatf'(] hasal 

GH levaIs in normal animaIs (Ferland, Lahrle, Jobin, Arimura 
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and Scl'\ally, 1976 ; Steiner, Stewart, ,Barber, Koerker, 

Goodner, Brown, 111ner and Grt1e, 1978: Terry and Martin, 

198]; Eikel!Joom anrl Tannenbaurn, 1983), hlocked slreSS-lnducpo 

GH suppression (Arimura, SmIth and Schally, 1976: 

willoughby, Bra7eau, ~1artJn ëJnd Patel, lQ76), and rcslored 

high f1mplitude G11 levp 15 ln hoth s ta rved (TélnnE:>nbëlllm, 

EpelbauJl1, Colle, Brazeau and ~'artin, 1978) and strept "otocin 

diabetic rats (TannenballJl1, 1981) exhjbitlng suppresserl plasma 

GH concentration. Stud i es of an ima l mode 1 s of both di ahetes 

(Patel, Cameron, Rankier, Malaisse-Lagae, Ravazzola, Studer 

and Orc i, 1978; Tannenbaum, Colle, Wanamaker, Gurd, Goloman 

and Seemayer, 1981) anrl starvatlon (Tannenbaum, Rorstad and 

Brazeau, 1979) have confirmed marked alteratlons in tissue 

somatostatin content suggesting a role for SRJF in these 

conditions. 

Growth hormone-releasing factor (GRF). Desp l te compe} Il rH) 

evidence for C;RF actlvity thlS peptide has only recently been 

isol a teri and cha racte r i zed hy two qroups of inves t Igators 

(Gui1~emln, Brazeau, Bahlen t Esch, Ling and Wehrenberg, 1982; 

Rivier, Spiess, Thorner and Vale, 1982). Three peptides wlth 

37, 40 and 44 amino aClds, respectlvely, were lsolated from 

two carcinold pancreatlc tumnrs of patients exhihiting severe 

sympt0ms of acromegaly. AIl three peptIdes exhitnt": potent 

GH~~sing activity, bath in vitro (Brazeau, LIng, Bohlen, 

Esch, Ying and Guillemin, 1982: Vale, Vaughan, Yamamoto, 
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Spiess and Rivier, 1983) and in vivo in a variety of species 

(Wehrenberg, Ling, Rrazeau, Esch, Rohlen, Balrrl, Ylng and 

GuillemIn, 1982; r:hJhara, Mlnamlté'lnl, Kali, Kodama, Klta anrl 

Fjuita, 1983; P0SCO'J i t z, Cac;c;or}él, Lor l,Hl X and 

MerriaJT', 1981; C;zahn, fludlak, Tr,0J111nf>t an!: Fr'-lhman, 1983; 

Harvey, C;canps and ~1arsh, 1984; Scan0c;, "arsl.::t, Lélut0rlo, 

Huybrechtc; , P]VIer <:md V"l}p, 19fJ4; Thorne r , RIv1er, Sr iess , 

Borges, 'Jancé, Rloon'1, Roqn l, Cronin, Kalspr, F:vans, l'Je hs ter, 

MacLeod and Valf~, 1981 ; Trlnnenbaum and Ling, 1984). l'he 44 

amino acid f orm of the peptlrJe was later found to he 

identicAl in structurl'~ onrl hiologlca] potency to the> l.dtlve 

peptide isolated frnn1 hurnan hypnthalaP1us (Ling, Esch, Rohlen, 

Brazeau, Wehrenber~J and (;uillemln, 1984). In adrlition, this 

peptide has heen found to i nteract ln a non-competItive 

manner wi th SRIF' to control release hoth ln vItro 

(Brazeau, LIng, Bohlen, Esch, YincJ and GUIllemin, 1982) anrl 

in vivo (Tannenbaum élnd LinCl, 1984). More recently, Spiess 

and his collaborators (Spiess, Plvier anrl Vale, 1983) have 

reportecJ the isolat 10n a nn cha racter i Zélt ion of a 43 amino 

ac id pept i de wtll ch t hey p roposccl ta he the rat hypotha lam ic 

GRF. Immunocytochernical studif"s saon thereafter localized 

GRF priMa ri Iy w i th in the a rcua te nuc leus of the hypotha lamus 

(Bloch, Rrazeau, LIng, Bohlen, Esch, Wehrenherg, Benoit, 

Bloom and Guill~~in, 1983~ Lln, Bollinger, LJ.ng and Reichlin, 

1984) as well as within sorne cell bodies within the VMH 

nucleus (Merchenthaler, Vigh, Schally, and Pelrusz, 1984), 

l .. 
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confirming the stimulatory role of these brain regions in GH ., 
control. 

Grovth Hormone Secretory Pattern 

In aIl species investigated .experimentally thus far 

(Meyer and Knohil, 1967; Machlin, Horino, Hertelendy and 

Kipnis, 1968 i Takahash i, Daughaday anrl Kipnis, 1971; 

Tsushima, Irie and Sakuma, ]971), ineluding humans (O~abbe, 

Schilling and Helge, 1966; Golrlsmith and Glick, 1970), GH 

secretion is characterized by wlde variations. Although 

factors such as sleep, exercise and stress are ~mplicated in 

the phYSIologie vari2ltions observed in CH secretion, many of f 

the surges are spontaneous. Typically, in healthy adult men, 

plasmél GH levels may vary trom basal levels of less than 5 

ng/ml ta 1evels as high as 60 ng/ml (Martin, Tannenbaum, 

Willoughby, Henaurl and Brazeau, J975). The highest levels 

are often observed during nlght sJeep (Takahashi, Kipnis and 

Daughaday, 1968; Mendelson, ,Jacoh, Gi11in and Wyatt, 1979), 

and ' also du ring the stages of adoles cence (Miller, 

Tannenbaum, Colle and Guyda, 1982). In the rat, GH secretion 

is also characterized by spontaneous bursts of CH release. 

In particular, in this species, GH secretion i8 governed by a 

striking ultradian rhythm (Tannenbaum and Martin, 1976) with 

a periodicity of approximately 3-4 hours, which in the male 

ra t, is entrained to the light-dark cycle of the day 

• 
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(Tannenbaum and Martin, 1976)_ The GH rhythm cont inues to 

function independent of environmental lighting and feeding 

,/ . and is not correla ted to changes in plasma glu COSE' or insu-
• 

lin, indicating that it is a true endogenous hiological 

rhythm, like1y contro1led by CNS mechanisms (Tannenbaum, 

1976). 

in nature wi th two or even 
, 

three spikes of CH released within each large CH secretory 

episode. This pattern of GH secretion persists unchanged 

throughout t.he 2'4-hour day (Tannenbaum and Martin, 1976). 

Figure l shows two ind i v idua l, rep resent a t ive CH sec retory 

profi les of rats samp led for periods of 6 hou rs wh l ch the 

'. 

author has obtained in th i s la boratory. , / 

is now generally belJed that the regu-
.;----

l n su mm a r y , i t 

lation of GH release from the pituitary gland is mediated via 

the CNS hy at least two hypothalamic fr.tctors which are 

released into the hypothalamic hypophysea1 portal circula-

1 tian. These tac tors wh i ch are both inh i b i tory (SRI F) and 

st imu l a tory (GRF) have been demons t rated to i nteract in a 

non-competitive manner and 1ikely generate the episodic 

rhythmic secretory pattern which characteri~es GH rèlease in 

many species (for review, see Tannenbaum, 1985) • 

•• ...... ______ ...... ___ ~ __ ~ ... _________ u_-
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, ===,..-<.,--/ 
Individual rhythmic GH secret?ry patferns in 

two an imals samp1ed over a 6-h period. 

Pulsati1e GH secretion in the male rat moni

tored over th i s time interval (1000 - 1600 h) 

is characteri zed by two ma jor ep isodes of GH 

secretion occurring at approximate1y 3 h 

interva1s and separated by a trough period of 

mostly undetectable GH levels. A uniformity 

in the timing 'of the GH pu 1ses is evident. 
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Ai. of the Present Investigation 

As was poi nted jout in the above discussion, GH is 

actlvely Involverl in the regulation of various metabolic 

processes, and Its secretion is, ln turn, controlled by meta-

~lic as 

th\,t GH , 

we 11 

m Ight 

as neuroenclocrine factors. The [Jossibility 

play a role ln the regulat Ion .of glucose 

homeosta<>is after hy['oglycemic stimulation, or prolonged 

periocl~ of fi'\stlng, lias been considcrecl hy many investigntors 

in earller stur'lles. \'lhile therp is yeneral agreement that GH 

secretion ln man le; Increased in response to insufficient 

glucose metahollsm provoked hy either insulln (Roth, Click, 

Yalow and Berson, 1963(a)i Luft and Cerasi, 1968), or the 

non-metabollZable glucose analog, 2DG (Roth, GIICk, Yalow and 

Berson, 1963(b)i Wegienka, Grod sky, KaraPl , Grasso and 

Forsham, 19fi7; Brod0ws, Pi-Sunyer anrl Campbell, 1973; Woolf, 

Lee, Leebaw, Thompson, Lilavivathana, Brodows and Campbell, 

1977; Wakrtbayashi. Demura, r-1iki, Ohmura, Miyoshi and Shizume, 

1980), contlictlng results have been obtained in rats. Rat 

, 
GH secretIon has heen shown to he e i ther inhibited 

(Takahashi, Daughaday and Kipnis, 1971; Tannenbaum, Martin 

and Colle, 1976) or stimuJated (Bluet-PaJot and Schaub, 1978) 

in response to insulln-induced hypog l ycem ia , and both a 

decrease (Takahashi, Daughaday and Kipnis, 1971) and Increase 

(Oka] ima, M<;>tomatsu, Kato and Ibayashi, 1980) in plasma GH 

, 
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have been reported af ter 2DG trea trnent. Since spontaneous GH 

secretion If' the rat exhihits a strikin<] uitradlan rhythm 

(Tannenhaum and Martin, 1976) it le; posslhle that thlS 

disagreement stems trom elther the use of InilpprOprlé'lte hlood 
, 

sampling technIques, stressful anesthesla and/or differences 

in the route of administratlon of the glucopenic stirnulus. 

Thus, the firs t sf!ries of' exreriments j n th~ present 

investigation was undertaken tn clarify the CH response to 

intracellular glucoprlvatinn by examinlng the effects of hoth 

" systemic anrl centra] administratlon of lO(; on (;!J secretory 

rlynamicc; in conscious freely-behaving rats. The 2DG stImulus 

has the advantage of providing a more controlled stimulus and 

avoid ing the superimposed systemi c effec te:; of insu li n (See 

Appendix 1). 

The mechanism Jnediating the (~H response to insufficient 

glucose remains to be elucidated. Part1cipation of the CNS 

is indicated,by reports of the existence of glucose-sensitive 

cells with in the hypothalamus which morlulate the GH response 

to hypoglycemia (Blanco, Scha lc h and Reichlin, 19 66 ~ 

Hirnsworth, Carmel and F rantz, 1972). It i8 now , 

well-recognized that brain control of the rhythmic secretion 

of GH is achieved by way of the complex interaction of two 

hypothalam ic hormones, GRF and SR IF' (Ta nnenbaum and Ling, 
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1984) • Yet, to date, the ln vivo involvement of the two 

hypothalafTlic GH-regulatory 'peptides in glucose regulation of 

GH secret ion has 

charact!rization 

not heen assesserl. The recent Isolat ion anrl 

of GRF peptide,,> from both human pancreas 

turnors and hypothalamus, togethf'r with the availabillty of a 

speciflC antiserum to SRIF', now provide powerfvl toole; to 

address thlS questIon. In the ~econd serIee; of experIments 

reported here 1 jnvestigated the involvement of SRIF and GRF 

in mediating the GH response to 2DG-wrluced lntracellular 

gl ucop~n ia. 

, 
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MATERIAL AND METHons 

AnimaIs and Surgery 

Adult male Sprague Dawley rats welghing 780-310 grams at 

the stnrt of each experimpnt were ohtained from Charles RIver 

C'anada (St. Constant, OuRbec). AlI rats were:! implantecl with 

1 
chrnnlC Intracardiac v('nous cannulae under sodium pentol1ar-

hital ISO mg/kg, ip) anec;thesla uSlnq a method prevlously 

ri e seri b e ri ( Tan ne n bau man cl r.1 art 1 n, l 9 7 6 ) • The cannula which 

conslsted of sterile silac;tic tubing (ID 0.025 in., OD 0.047 

in.; 10 cm) was inserted into the right external Jugular 

ve in, 40 mm f rom the righ t atr i um of the hea rt. The free end 

was brought subcutaneously tn the skull surface, fastened tn 

hypoderrnlC tubing and afflxecl ta the skull with dental 

cement. In sorne instances, rt chronic intracerebroventricular 

(icv) cannula, constructed of aluminum, was simultaneously 

i nserted i nto the 1eft lateral ventricle of the brain 

(Tannenbaum, 1980). With the incisor bar at +5 mm, stereo-

taxic coordinates \Nere: l mm posterior to bregma, l mm 

la teral ta the mid-l ine and 4. 5 mm be low the sk u 11 su rface 

(coordinntes were taken from the Pellegrino and Cushman 

Atlas, 1967). After surgery, each rat was injected with 0.3 

cc penicillin G (300,000 Ill/ml). They were immediately 

'i 
placed in isolation test chambers (1 ights on between 0600-

1800 hours (h») in a temperature (22+2"C)- and humictity 
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con trolled room w i th Pur i na ra t chow and tap wate r ava llanie 

ad libitum, until borjy weight returner1 ta preoperative Ievels 

(usually 5-7 days). 
,\ 

During this periad, the rats were 

weighed aml handled daily tn, habituate them tn the experimen-

tai procepure ta be us~d on the test day, and thus minimize 

any stress associated with handling. The venous cannu la wa<; 

maintained patent by rinslng with a solutIon of 20% hepann 

(Heparin so(hum 10,000 IJ.S.P. (Tnlts/ml, lIepA.lean) every 4-5 

days. 

Experimental Procedures 

On t_he dctY prlor tn the test day, tne animais were 

prepared with polyethylene (PE 100: voici volume, 0.3 ml) 

tublnq filled with 20% heparinized saline which extended [rom 

the hypodermic tuhing on their head to the outside of the 

isolation cubicie via a staln]ess steel sprlng attached to a 

roller hearinCJ at the top of the cage. This assembly permit-

ted the animal to be freely-moving during a11 experimental 

manipulations. The tu bing was connected to a 1.0 cc sy r i nge 

and the animaIs wer,~ left sa prepared overnight. On the test 

day, in most e xperiments, food was remaved from the cage 

1.5- 2 h before the s tart of the expe riment, at 1000 h. and 

returned at the end at 1600 h. Blood samples (0.45 ml) were 

wi thdrawn every 15 minutes (min) for peiiods of 6 h (1000'-

1600 hl. Ail b lood samples were immed i ately cent ri fuged and 
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the plasma was separated in six aliquots ëlnd stored i':lt -20·C 

for subsequent assays of GH, insulin and (Jlucose. The rect 

hlood cells were then resuspended ln 0.2'1 ml normal salint~ 

(0.9'1; NaCl) and returned tn the anImal following removal of 

the next blood sample. This sampling technique .:1 11 owed 

lonq l tud Ina] SdJTlp l in<] w i thou t hernndynam l'_~ der l pt ion. At the 

termination of the 0Xrer l fT'cnts f-he .':C'curi1cy of lev 

cannllia placement was determlnf'rl hy IflJf:ctiofl "f 10 d1 methy-

lene blue dye v l a the cannu la and maer()SCOpl C 'lbs • .; rvanee nf 

the h dye ln the ventric les of the hrain. 

Study 1. In the flrst serIes nf experiments, 8 (JrlJups of 

flnlmals were used to Investtgatp the effeets of systemic anrl 

central administration of 2DG on CH, i n sul l n and (J Ille ose 

secretory dynamicc;. Three groups were adrnlnistered 2DG 

(SlgT'l"la Chemical Co., St. Louis, MO), iv, at three dlfferent 

doses, (400 mg/kq, 8 mg/kg and 4 mg/kg) whereas a fourth 

group received 2DG iv in a dose of 400 mg/kg and was allowed 

to feed ad libitum durlng the test. A known amou nt_ of rat 

chow pellets was given to these animaIs at 1000 h, at the 

start of the experiment. At the end of the test (1600 h), 

the rem a in ing food was we i ghed and the amoun t ea te n de ter-

mined. T'NO other groups r-eceived 2nG icv in doses of 4 mg/lO 

-).1J and 8 mg/lO }J 1. In aIl experiments the 2DG was di luted in 

normal saline just before use and was inJected after removal 

of the third blood sample (1030 hl. Two add i tiona 1 groups 
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serverl as controls and recelved normal saline iv (0.6 ml) or 

iev (10 }JI) at the same time point. 

Study 2. The second series of experiments was undertaken to 

assess the invo l vement of the two hypotha lam ie GII-regu la tory 
r 

pept Hies, SRI P a nrl GRP, in the 2 DG- i nduced GH supp ress lon 

response. To examine the role of endogenous SRIF, one group 

of 2DG-treated rat.s (400 mg/kg, iv) was administererl 1 ml of 

Cl specifie SRIP antiserum, iv, 15 min after administration of 

thE' /'f)G (Le. at 1045 h). ThlS antiserum which was raised ln 

sheep is specifie for SRIP anrl does not tnnd at.her brain or 

gut peptides (Tannenbaum, Epelhaum, Colle, Brazeau <lnd 

Martin, 1978). At a final rlilution of 1/20,000 this anti-

serum binds 35% of 10 

pg/assay tube of synthetic SRIP. A second 2DG-treaterl group 

(400 ~g/kg, iv) served as control and received l ml of normal 

sheep serum at the same t ime poi nt. 

To evaluate the possible involvement of GRF in mediating 

the GH response to the glucopenic stimulus, the ability of 

2DG-t reated an ima ls ta respond ta exogenous ly adm 1 n is tered 

GRP was assessed. Por these experiments, two other groups of 

rats, treate,d with the same dose of 2DG (400 mg/kg, iv), were 

given three iv bolus inJections, 90 min apart, (at 1130, 1300 

and 1430 h) of either the 44-amino acid peptide, human (h)GRF 

(kindly provided by Dr. N. Ling, Salk Institute, La ,Jalla, 

CA) or normal saline as a control. The GRF peptide', which 
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was a aynth~tlc replicate nf the original pept lrie, was 

synthesizerl by SOlicl phase t p chnlqups uSlnfj a Reckrnan 990 

peptlrle syr>theslzer (Llnrj, 

Bohlen, Rrazeau and r;u 111eml n, l 9 BO) • Th!' p(>ptl,k~ was 

dlluterl in narma l sa l 1 nI" ) Ll <; t h~ f ()r~ a 

concentri'ltlon of 10 ,JJ<J/O.3 r'll. T n orde:>t- t() rl')Cume nt the 

was ohtainüri ') min after each ] n)cr::t inn. 

F'lnally, ta pXJr1ip",~ the Interdct Ion of C;RP wlth enrlo-

genous circulatlng SRIF' ln <lluCofWnlC anil'1als, l arlmlnlstererl 

l ml SHIF anllserum, iv, at 1045 h followerl by t::hree IV holus 

inJections of hGRF' (10 pg/0.3 mll, as descrihed above, to 2DG 

(400 mg/kg, Iv)-treated animaIs. 

Hormone Assays 

Plasma GH concentratIons were determined in duplicate by 

a rlounle antihody RIA using f'laterials supp lied by the 

National Institute of Arthritis, Dlabetes and DIgestive and 

Kidney Diseases (NIADDK, Bethesda, MD). This assay allowed 

accura te es t imat io~ of pl asma GH in a 8ma Il samp le vol ume (25 

fll) • The a veraged plasma GH va lues are reported in terms of 

the rat GH reference preparat ion (rGH-RP-l) which was used in 

the standard curve of the assay. The rGH purified antigen 

(NIADDK-rGH-I-5) was iodinated with 12S I using a modlfica-

t ion of the chloramine T method (Greenwood, Hunte rand 
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Glover, 1963). Monkey antl-rat serum (antl-rGH-S-4) served 

as the flrst antlborly anr:l was uc;erl at a fInal -111utlon~'of 

Goat antl-monkey serum (jamma-q1nhulln, G-f)-}, P4. !\ntltionlPs 

Inc., CA.), At: r:t dJlutlon rancJln'l froT"" 1:<) rr, 1:7, W(l<) lls.=>d as 

tempe rat ure. Norrnr.! 1 mon v. '->y 5~' r Ul'1 (F ll)w La;-. Lt r;., (Jn .... ) was 

used as il carrier prote:.'! for the rjOë\t -'lnri-rn "'key <;·~rum. 

The minul1um ::lnd maXll'l1Urn 1ctectl(jn lunltc; <,f the ac;c;'li wore 

6.2 and BOO ,\n~)/ml, When 

plasma samples wlth conCf':ntrat_lons 'lf (;H qrpat·-r tna:1 ROO 

such values were eXDre'3Se~ ?ts ,)300 nq/ml anri conslrlered to he 

800 ng/m1 ln '3tati'3tlcal analyses. SlJ11ilarly, plasma samples 

with C0ncentratlons of (;H less than 0.7 ng/ml w~ expreserl 

as <"6.2 ng/ml and cnnsl<ierecl t0 he 6.2 n<J/ml ln statlstical 

a na lyses. The 1 n ter- and Intra-aC;Sdy' coeffIcients of 

variation were 12.6% anrl 11.8~, respectively, fr)r dupl icate 

samples From pooled plasma contalnlnq a mean GH c0ncentration 

of 28.1 ng/ml. 

Plasma Immunoreactlve insu lIn (IRI) was measurpr:l hy a 
, 

dextran-coated charcoal rrtethod (Herbert, Lau, r·,tt Ji eh an" 

Bleicher, 1965) using guinea plg antlporcine" insulin serum at 

a dilution of 1:60,000 to attain a binding of approximately 

60%. Purified crystalline rat lnsu1in (lot No. 615-244-260, 
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\ ' 

, 
courtesy of Dr. R. Chance, E. Lilly Co., 'Indianapolis, IN) 

served as a reference standard. Purified porcine insul:in was 

iodinaterj with 125 r uSlng the Chloramine T method anri was 

repunf led on the day of the assay. Separa t ion of free and 

bound hormone was accomp11shed hy addltion of a 2.5% charcoal 

solution aftet- 48 h of lncubatlon at 4·C. The Minimum and 

maximum rjetectlon limits of t.he assay were 0.32 anri 20 ngjml 

respectiv,"ly and al1 samp1es .(50 J-ll) were determined in 

dup l ica te. Plasma srnaplE's wi th l RI concent rations less than 

0,.32 ng/m1 were expressed as <0.32 and consldered ta be 0.32 

in statistical analyses. 

Plasma glucose, 10 ul allquots, was measured by an 

automat€'d glucose ox ldase method (Glucose- ana lyzer 2, ~eckman 

l n s t r um e n t s , Pal 0 AIt 0, C ltc ) • The app"aratu s dete rmines the 

ra te of oxygen consuMption, wh i ch is ri i rect ly propo rt i anal ta 

the concentrat ion of glucose ln the sample. 

SRIF Binding Capacity of Plasm~ of Rats after Administration 
of SRIP' Antiserum 

The SRIF bindl ng capacity of plasma samples of rats 

tre ateci W 1 th S RIF an t iserurn was assessed by determ ini ng the 

ability of aliquots of rat plasma (100}lU obtained 45 min 

before, and 15, 165 and 315 min after administration of SRIF 

an t iserurn to 

eac h ra t were 

bind ( ~25r-Tyq)-SRIF. Plasma samples from 
\ )) 

J 

diluted 1:100 in the SRIF assay buffer (0.5 M. 

phosphate buffer, pH 7.2) rand binding to labeled S'RIF was 

, " 
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determined under standard condi t ions used for RIA of SRI F in 
" e 

. th is laboratory (Tannenbaum, Rors tad and Braz eau, 1979) us i n9 

a dç:>uble antibody RIA. In arder to documeht" that tl1-e normal 

sheep serum administere'd to the control group did not possess 
' .. 

,any SRIF bind ing caP1ci ty, plasma samples 

animaIs were also testJd in the SRIF RIA. 

Stat istical Analyses 

from control 

r 

Ana1ysis of variance for r,epeated measures and Student 's 

t test were used for s tat is t ical compar isons between .. expèri-

mental groups (Winer, 1971). Student's paired t test was 

used ta eva1uate significant treatment effec"ts within groups." 
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Effects of Intravenous Administration of 2DG on GH, Glucose, 
and InsuI!n Secretoty Dynamics 

Saline-injected càntrol animaIs exhibited the typical 

pulsatile pattern of GH secretion previously documented in , 

normal freely-moving rats (Tannenbaum and Martin, 1976) with 

two major episodes of GH secretion evident during the 6-h 

samp 1 ing period (F ig. 2A). As was the case for normal 

animaIs (See Fig. 1), the GH surges had a rapid onset and 

were mostly multiphasic in na ture. The peak GH values often 

exceeded 50 a ng/ml and the mean peak GH 1evel in th is group 

was 703.6+58.2 ng/ml. In a Il ra ts the secre tory episodes 

were separated by' trough periods characterized by most1y 

undet ectable « 6. 2 ng/m1) plasma GH leve 15. In addition, 

there was a c;ynch rony in the timing of th e GH pu lses ind i ca-

ting entrainment to the light-dark cycle regimen. Typically, 

the first GH secretory episode occurred between 1100-1230 h 

with a second surge evident between 1400 and 1530 h. The. ~ 

duration of the episodes was somewhat variahle with the mean 

duration being 111.6+4.5 min. During trough perlods, the 

plasma GH levels remai ned low for 65.0+4.6 min and the mean 

plasma GA value for th is period was 8.0+0.9 • ng/ml (range 

6.2-14.2 ng/ml). 

o 

---

• J 

t 



, 
t 

t ! . ~ 

PIGURE 2 
t 

\ 1 
i 
1 

- 31 -

Individual, representative 6-h plasma GH and 

glucose profiles in a rat treated with normal 

saline (A) in comparison to those in the same 

rat after 20G treatment (B). The intravenous 

ihjection of 400 mg/kg 2DG caused a signifi

cant suppression in amplitude and duration of 

GH pulses. Plasma GH levels spontaneous 

rema'i ned low for the entire sampling period 

and this respon~e was 

pronounced hyperglycemia. 

time of injection. 

accompanied by a 

Arrows indicate 
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In striking contrast, , the 6-h plasma GH prof i les of rats 

administered 400 mg/kg 2DG exhibited a marked suppression in 
, 

both amp Il tude and du rat ion of GH sec retory ep i sodes wh ich 

was eV1dent 30 min after the 1nJection nf 2OG. Typ1cally, in 

these rats, the ultrad1ë1n CH rhythm was lost and GH secretory 

peaks were no longer rjiscernable (Fig. 2B); rlasma CH levels 

seldom exceeded 90 nC.:j/ml and a large proportlon of the GH 

values were near or bplow the detectahle li,mIt of the GH 

RIA. In all rats, thls suppreslnn in ampl1turle anrl rlurat10n 

of spontaneous GH was evirlent th roughou t the 6-h 

sampling period and mean 6-h plasma GH levels were slgnifi-

cantly (P<O.OOl) depresserl compar-ed to those of the normal 

saline-treated control group (mean 6-h plasma CH level: 

28 • 7 + 4 • 8 vs 146. 9 + l 2 • 2 ng / ml) ( FIg. 3 and Ta hIe 1). In some 

instances, recovery of GH secretion began ta occur at the end 

of the sampl1ng period. 

Concomitant with the striking CH suppresSIon, the iv 

administration of 20G caused a pronouncerl hyperglycemia 

(Fig. 2B) with a characteristic time cour,se. This hyper-

glycemia was evident within 15 min after inJection and the 

mean plasma glucose level at this time point, 256.0+9.5 mg/dl 

was significantly (P(O.OOl) higher than the preinJection 

value of 142.1+6.2 mg/dl. Plasma glucose levels reached a 

peak 97.5,!.9.2 min after administration of 2DG and gradually 

declined thereafter, although remaining signif icantly 
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Effect of iv administration of either normal 

saI ine (top graph) or 400 mg/kg 2DG in non

feeding (middle graph) and feeding (bottom 

graph) an imals on mea n 6-h plasma GH levels. 

Intravenous injection of a high dose of 2DG 

consistently caused a slgnificant suppression 

of GH secretory pulses and plasma GH levels 

rema i ned severe l y depressed for up to 5 h 

after the injection. Allowing the animals to 

eat did not prevent the suppression of GH and 

mean plasma GH leve Is in th is group were 

similar to those observed in non-feeding 2DG

treated rats. Arrows indicate time of 

i nJ ect ion. Vert ica l ba rs represent the 

standard error of the mean (SEM). The number 

of animaIs in each group is shown in palien

theses. 
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1 
Experimental groups 

Normal Saline iv 

2DG (400 mg/kg) IV 

2DG (400 mg/kg) iv 
& Feeding 

2DG (8 mg/kg) IV 

2DG (4mg/kg) lV 

TABLE 1 

Summary of the effects of intravenous administration 
of 2DG on mean plasma growth hormone, glucose and insulin levels 

No. f1ean 6-h plasma ~1ean 6-h p1asm!!! Mean 6-h plasma 
of animaIs GH levels glucose leve 1 s insulin levels 
per group (ng/J111) (mg/dl) 

10 14h.9 ± 12.2 14S.9 ± 2.8 

6 28.7 ± 4.8 a 307.1 ± 13.4 a 

6 29.8 ± s.n a 277.5 ± 10.6a 

6 113.3 ± 15.3 141.6 ± 1.3 

6 161.1 ± 24.4 141.2 ± 2.3 
- - - -~-~-_ .. _~--

Nurnbers represent mean ± standard error of the ~ean (S.E.M.) 
a P,O.OOI compared to normal saline-treated control group. 

(ng/ml) 

0.77 ± 0.15 

0.59 ± 0.08 

6.94 ± 1.12a 

0.70±.0.14 

0.88 ± 0.17 

W 
0'1 
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(P<O.OOl) elevateci unti1 the last sample at 1600 h (221.0± 

13.6 mg/dl) wh en compared ta normal saline controls whose 

plasma glucose levels fluctuated minimally throuqhout the 6-h 

sampling period (FiCJ. 2A). ME'an 6-h plasma glucose levels of 

2DG-treated rats were significantly greater than those of the 

normal snline-tn~'ated group (Table 1). 

Despite the marked hyperglycemia, there WllS no 8ign1fi

cant difference in mean 6-h plasma IRI levAIs of 2DG-treated 

animaIs compared ta saline controle; ('fable 1). 

When the animaIs were allowed to free feed during the 

sampli.ng perl.od, they ate 9.0+0.5 9 of the provided food. 

However, feeding did not modity the hormonal effects inducerl 

hy the iv administration of 2DG (400 mg/kg);. the mean 6-h 

plasma GH level in this group (2g.8~8.0 ng/mll was not signi

ficantly different from that of the non-feeding 2DG-treated 

group (28.7+4.8 ng/rill) (Fig. 3 and Table Il. Similarly, 

these ,ra ts exh ib i ted the typical hyperg lycem i c prof i le 

observed in a 11 animaIs receiving 400 mg/kg of 2DG iv (Table 

1) • Nevertheless, feed ing resul ted in the typ i cal marked 

fluctuations in plasma IRI levels usually observed in respon

se to food intake and therefore significantly (P<O.OOI) 

elevated mean 6-h plasma IRI levels in this group (6.94~1.12 

ng/ml) compared ta the normal saline treated group (0.77±0.15 

ng/ml) (Table 1). 
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Intravenous administration of fifty- to hundred-fold 

sma 11er doses of 2 DG fa i lerl ta indu ce any of the hormonal 

changes observed following the lV adminlstration of the 

larger dose. The 6-h plasma GH profiles of these anlmals 

exhihlterl the typlcal rhythmic GH secretory pattern with two 

major episodes of GH secretlon eVldent durlng the 6-h 

samplinq perlod and many peak values ~Jreater than 400 nq/ml 

(Fig. 4). Mean 6-h plasma (;H levels in the se two groups of 

animais were not slgnificantly rlifferenr from those nf the 

control group administered normal saline iv (Tahle 1). simi-

larly, plasma glucose and insulln levels fluctuaterl minimally 

and remained within their normal physiologic range throughout 

the 6-h sampling period (Table 1). 

Effects of Intracerebroventricular Administration 
of 2DG on GR, Glucose and Insulin Secretory Profiles 

Centrnl arlministration of la "pl normal saline did not 

alter the typical GH, glucose and insulin secretory patterns 

previously observed in the normal saline iv-in]ected control 

group. AlI animaIs in this control group exhibited two 

episodes of GH secretion (Fig. 5A) with peak GH values ';1 400 

ng/m1. Plasma glucose and insulin levels fluctuaterl minimal-

ly during the sampling period (Table 2). 

Intt-acerebroventricular administration of 2DG in doses 

of 4 mg and 8 mg/IO )JI resulted in a significant dose-

dependent suppresslon of pulsatile GH secretion. Administra-
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Individual representative 6-h pl:3sma GH 

profiles in t'NO rats administered ei ther 4 

mg/kg or B mg/kg 2DG iv. The iv injection of 

fifty- to hundred .... fold smaller doses of 20C 

did not alter the typical rhythmic GH secre

tory pattern evident in normal rats under 

standard unstressed conditions. Arrows indi

cate time of injection. 
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Effects of icv administration of either 

normal saline (A.) or 8 mg/IO fI 200 (B) on 

mean 6-h plasma GH levels. Central injection 

of the smal1 dose of 2DG caused a significant~ 

suppression of pulsatile GH secretion within 

30 minutes after injection. Plasma GH levels 

remained severely depressed for the entire 

duration of the sampling periode Arrows 

indicate the time of injection. Vertical 

lines represent SEM. The number of animals 

in each group is shown in parentheses. 
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Experimental groups 

, ____ • ..,......,,.....- "' ... ~ ... ~ .... ..,. ... J ....... -a __ ,.~ ~ .... r.- ..... ~\I" .. ~~-~ 

~ABLE 2 
~ 

Summary of the effects of intracerebroventricula~ 
adainistration of 2DG on meàn plasma grovth hormone, 

glucose and insulin levels. 

'" 
No. Mean 6:-h plasma t1ean 6-h plasma 

of animaIs GH levels glucose levels 
per group (ng/m,l ) (mg/dl) 

~ ~ .... ~.,. ...... ~_ ... ~~ .. ;" .. ..,_ ...... ~~~1O-.. ,~t~..,,':;".,-1 

,-
l' 

• 

~-

Mean 6-h plasma 
insulin levels 

(nÇ3/ml) 

Normal Saline icv ~ 5 170.3 ± 31. 7 129.6 ± 7.0 1.43 ± 0.75 ~ 
w 

1 
1 

j 

2DG (4 mg/ID }JI) icv 

2DG (8 mg/ID }lI) icv 
------ --_ ... -

.. 

--

a 
b 
c 

5 

5 

80.1 ± 8.4 a 176.6 ± 8.4b 

4'8 .. 6 ± 14. lb 217.1 ± 7.4 c 
\ -

_._--_._---~-~-- -_ .. _--- ------ ------ ----

P<O.05 
P<O.Ol 
P<O.OOl 

. } compa red to saline-treated control group. 
1. 

0.83* 
( n=l) 

0.98 ± 0.13 

* Because of a technical problem with the insulin RIA it i~ ~ 
not possib\e to present the rnean- data for this ~rQup. 
Only the samples from one animal'were assayed. 
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tion of- the smaller dose caused a partial but signif icant 
.. 

(P<O.05) decrease in mean 6-h plasma GH concent ration 

compared to normal saline icv-in]ected controls (Table 2). 

Aithough GH pulses were still evident in these animaIs, they 

were markedly attenuated. Concomitant with this GH \suppres

sion response there was a significant increase _-i~ plasma 

glucose level 45 min after the injectlOn of' 2DG and plasma 

glucose values remained slgnificantly elevated for 255 min 

after injection. The mean 6-h plasma glucose level in this 

group was significantly greater than that of the saline icv-

injected control group (Table 2) • 

Intracerebroventricular adrninistration of 8 mg/IO }lI 2DG 

caused a greater degree of GH suppress ion. Plasma GH levels 
u 

in these rats were severe ly reduced w i th no major GH secreto7"" 

ry episode evident during the 6 h of sampling (Fig. 5B). 

This suppression was similar in magnitude ta that previously 

observed following the iv administration of ~he larger dose 

of 2DG (400 mg/kg). The depression in GH.pulse amplitude was 

• evident within 30 min after injection of the 2DG (Fig. 5B) 

and plasma GH levels remained significantly reduced for the 

6-h period compared to normal saline contraIs (48.6+14.2 vs 

170.3.:t.3l.7 ng/ml; P<O.Ol). It is interesting to note that in 

sorne instances,' whether 2DG was administered iv or icv, sorne 

recp~ery of GH !:?ecretion was. observed duting the Iast 45 min 

of the sampling period (F ig. 5B). 
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This GH suppress ion response was accompanied by marked 
• 

. hyperglycemia (Table 2) w i th a t ime course s imi l ar to that 

observed followlng 1V adminlsèration of the large dose of 

2OG. In this group, slgniflcal}t elevation of plasma glucose 

levels occurred within 15 min and lasted untll the last 
1 

samp~e at 1600 h. 

Effects of Soaatostat in Ant isertJJB on GH Secretory 
Profiles in 2DG-Treated Aniaals 

Indlvidual GH secretory proflles of 2DG (400 mg/kg), 

iv-treated rats adminlstered normal sheep serum (NSS) were 

comparable to 
, , 

They con t 1 nued 

those of rats wh~h had recelved 2DG alone. 

to show a marked s&ppressiah ln bath GH pulse 

amplitude (Fig. 6, left panel) and mean 6-h plasma GH level 
~ 

(Fig. 7) assaciated with the hyperglycemia which usually 

accompanies iv adminlstration of 400 JTlg/kg 2DG (mean 6-h 

plasma glucose level: 291.1+14.3 mg/cil). Administration of 

SRI Fant i serum (AS) caused an in i t ial incJ;ease in plasma GH 

level in JTlost animaIs (Fig. 6, right panel) and mean plasma 

GH levels 15 min after injection were sigmficantly elevated 

compared to those observed ln 2DG-NSS t reated cont roIs 

(115.9.:42.2 vs 13.6,:5.7 ngjml: P<O.02). In additlon, pass ive 

immunizati'on with SRIF AS caused a significant elevation of 

subsequent GH trough levels (mean G'H,trough level: 17.0+3.2 

,vs 6.2+0 ng/ml; P<O.Ol)(Table 3). However, immunoneutrali-

zat ion of 2DG-treated rats with SRIF AS, al though signi f i-

.. 

, _ .. _---. , 
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Effect of passive inununization with somato

statin antiserum (SRIF AS) on individual, 

representat i ve 6-h plasma GH sCecretory prof i

les in rats administered 400 mg/kg 2DG, iv 

(right panel) compared ta 2IX;-treated rats 

given normal sheep serUJT1 (NSS) (left panel). 

Administration of SRIF AS caused an initial 

surge of GH secret Ion and significant eleva

tion of GH trough levels. Nevertheless, it 

failed ta restore the high amplitude of GH 

pulses. Arrows indicate the tirnes of in-

jection. 
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Mean 6-h plasma GH levels in the 4 groups of 

rats. Administration of SRIF AS to 2DG-

treated rats caused a significant elevation 

of mean 6-h plasma GH levels cornpared ta 2DG

NSS-treated controls, however it failed ta 

restore the mean 6-h GH level ta normal 

values. Each har represents the .. me an + SEM 

and the number of animals in each group is 

shown in parentheses. *P(O.Ol cornpared ta 

normal saline and 2DG + NSS groups. 

** P<O.OOI cornpared ta normal saline group. 
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cantly (P<0.02) elevating mean GH peak levels compared to 

2DG-NSS controJs, failed to restore the high amplitude of GH 

pulses previously observed in normal saline-t_reated control 

anima 15 (Table 3). The hiqhest GH peak leVAI obsE'rvE'rl in 

th j S iJ r () u pra n 9 e ri f r Oln 9 2 • 2 i: 0 2 8 4 • 5 n 9 / m l wh H; h wa s '3 i q nIf i -

cantIy (P' 0.0(1) lower than thélt observeri unrler control 

condltions (rLlnge: 172.0 tn 1049.9 n"j/ml). Neverthc lpss, 

the f'1ean 6-h p 1 asma CH 1 evel of the 2[)(;-SI<IF' 1.,:::, trAd ted q roup 

(77.7+10.7 nq/rnl) was slqrllf icantly (p 0.0 1) qreater than 

that of the 2DG--NSS C0ntrnl qroup (lfl.R..!:.).O ng/ml) althouqh, 

signl~icantly (P'O.Ql) less than that nf the normal sallne

treated control C]roup (Fig. 7), suqgpsting only a partial 

restoration of plasma GH concentration. Tre2' ~")nt with SRIF 

AS riid not alter the typical effect of 2nG on p\lilsma glucose 

and l RI levels; these pararneters were not slgniflcantly 

rhfferent From those observerl ln 2DG-NSS treated animale; 

(mean 6-h plasma qlucose level: 105.4+27.6 vs 291.1+14.3 

mg / dIa n d me a n 6 - h pla SM arR Ile ve 1 : O. 69 + [) • a 9 vs O. 59+ 0 • 08 

ng/mJ). 

Effects of hG RF on GH Release in 2DG-Treated AnimaIs 

l nt ra venous adm l n is t ra t lon of normal 'Sa l i ne to 2DG-

treaterl animaIs rlid not modify the depressed plasma GH 

prof lIes and mean 6-h plasma GH levels were Slmilar to those 

of rats treated with 2DG aione (Plg. 8). Administration of 3 

iv boluses of la )Jg hGRF, at 90 min intervals, ta 2DG-treateci 



TABLE 3 

Effects of passive immunization with SRIF AS 
on mean peak and trou~h GH levels 

in 2DG-treated/rats 

Experimental groups No. Mean 6-h plasma 1'1ean 6-h plasma 
of animaIs GH peak levels GH trough levels 
per qroup (n~1/ml) (nC]/mll 

-
c 

Normal Saline iV ln 703.6 ::: 58.2 8,0 :!: 0.9 
~---~--------- -

2DG (400 mg/kg) iV 6 101.6 ± 20. 7h 7.0 ± 0.7 

2DG + NSS 7 83.9 ± 15.1') 6.2 ± 0.0 

2 De; + SRIF AS 5 178. ± 34. 7t),~ 17.0 ± 3.2:3 

a p, ü. 0 l c,')mpa red to the normal sallne-, 
2DG- , 
and 2DG T NSS treatpd cJ r,'ups. 

h p, Il • [)(11 cnmpa rt~d h1 nDrmal sa 11 ne ('(mt roI group. 
e P<O.02 compared to 2DG + NSS control group. 

\ 

\.Tl 
1-' 

) 
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Comparison of the effects of iv administra

t ion of ei ther normal '3al ine or 10 }-lQ hGRF' on 

mean 6-h plasma GH levels in 2DG (400 mg/kg, 

i v) -treated rats. The GRF' pept ide caused a 

surge of GA release after each injection 

which was variable and time-dependent. 

Arrows indiCFlte tirnec; of injection. Vertical 

lines represent the SEM. The number of anI

maIs in each group 15 shown in parentheses. 

* P<0.05 compared to hGRF-induced GH release, 

at 1430 h. 

) 
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• 

animaIs eaused release of GH withln 5 min after injection. 

However, this release was highly variahle and dependent on 

the time of lnJectIon, the first response helng conslstently 

the weakest ln all the animaIs Investl<]ated (F.l(J~. 8 a'nct 9). 

Peak GH response.s in indlvidual anImaIs ranged fr-om nil ta 

values as 11lgh as 1246.9 ng/rnl (FuJ. 9) and the mean GH 

re l-\ease ObS8 rved after f 1 rst 'iGRF holus 

(161.2+106.6 nq/ml) was si<]nlflcantly (P 0.05) lower than 

that observeci aftpr the administratlon of the t.hlrd holus 

(382.8+131.0 ng/mll (PH]. 8). DeS[llte the fact that the 

second response had a hlqher méan plasma GH 'la lue, 

(446.9.:!:.198.4 ng/m1) thlS .-jlffrrence féliled to reach siqnifi

canee because of the wide ranCJe 'Jf varlatlon in response to 

hGRF at this particular tlme point (range: 22.5-1246.9 

ng/ml) • 

Effects of I_unoneutralization vith SRIF AS on hGRF
Induced GA Release in 2DG-Treated Aniaals 

Flgure 10 111ustrates the mean plasma GH response to 

hGRF in 2DG-treated rats aciminlstered SRIF l\S. "Jeutra 1 iza-

t10n of endogenous circulatlng SRIF sl<]nlflcantly enhanced 

the ~eak GH response to hGRF previous ly ohservprl at 1110 h 

and also augmented GH release ln response tc) exoyenous arlmi-

nistration of hGRF at 1300 h and 1430 h. Of intere"lt, lS the 

finding that pretreatment with SRIF l\S ellmlnated the tlme-

dependent difference in the magnitude of the hGRF-lnduced GH 



FIGURE 9 
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Individual, representative 6-h plasma GH 

profiles of 2DG-treated rats administered 

3 iv boluses of hGRF (10 )-Ig/0.3 ml). The 

GH responses ta the peptide were highly 

var iable wi th the fi rst response be i ng 

consistently the weakest. Arraws 

indicate the times of inJectIon. 

) 
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Effects of immunoneutralization with SRIF 

AS on hGRF- induced GH re1ease in 2DG

treated rats. Administration of SRIF AS 

e limina ted the t ime-dependent d ifference 

and significantly augroented the GH 

responses a.t 1130 h. (*P<O. 00 1 ) and 1430 

(**P<0.02) h"compared to those observed 

after hGRF a10ne (see Fig. 8). Arrows 

i ndica t.e times of in je ct ions. The number 

of an ima1s is shown in parentheses. 

Vertical bars represent the SEM. 
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release in
J 

2DG-treated animaIs. Thus, there was na 

longer a statistically significant difference between the 

fi rst and the th ird response ta the pept ide. Plasma GH 

'-·'~-~.vels in this group of animaIs reached values which were ~ , J 

comparable to those seen in normal animaIs during 

spontaneous GH •. ecretory episodes (range:, 506.0 - 1654.0 

ng/ml) • 

SRIP Binding of Rat' P1asaa after SRIF AS AdJlnistration. 

The mean binding of a 1: 100 dilution of plasma 45 

,min before and 15 rili n, 165 min and 315 min after SRIF AS 

treatment was found to be O.5±0.2%, 42.3±3.8%, 43.0±3.3% 

and 38.0±1.1% respectively. No significant binding was 

observed in the plasma of rats treated wi th NSS. 
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DISCUSSION 

Maintenance of adequate plasma glucose concentration and 

its metabolism are important in daily body function and 

critical for survival. Both human and animal species have 

-, 
evolved efficient mechanisms, either physiologlcal or beha-

v iora l, to preve nt e xcess i ve hypoglycemia or 9 l ucope n ia. 
'-\ If" 

Among the physiological responses involved in glucoregula-

tion, hormonal responses are of prImary Importance. Several 

hormones are known to' be involved ei ther dIrectly or indi-

rect1y in glucoregulat ion. Of importance are insulin, which 

is the primary g1ucoregulatory hormone, glucagon, adrenaline, 

cart isol and to a lesser degree GH and thy ro id stimula t ing 

hormone (Bolli, Gottesman, Cryer and Gerich, 
" 

1984). Each of 

these hormones has some spec i fic funct ion in carbohyd rate \. 

metabol ism, and understand i ng the ir mec han i sms of con t roI 

under both narma l and pa tho10g ica1 cand i t ions is important in 

assess i ng the ir raIe in day-ta-day metabol ism. The experi-

ments des cribed in th is thes is were undertak en ta prov ide 

sorne ins ight into the mechanism(s) controlling the GH 

response to insu f f ic ient glu case metabol ism as induced by the 

administration of 2DG in the rat. 

l 
'0 



• 

( 
- 61 -

The f ind ings of the present study conf i rm that bath 

systemic and central administratIon of 2DG cause a signifi

cant hyperg lycem la wi thout the expected rise ln plasma insu

lin levels. These observatIons have been reported by several 

investlgators in the past (Arown and Bachrach, 1959; Brown, 

1962; Frohrnan, Müller and Cocchi, 1973; Müller, Frohman and 

C oc chi , 19 7 3 ) . The hyperglycemia 15 known to result from 

CNS-mediated actIvation of ~echanisms involved ln the defense 

. of substrate avallahility. This response involves multi-

synaptic descending catecholamIne pathways of the sympathetic 

11mb of the autonomie nervous system, (Brown and Rachrach, 

1959) and th1s whole actlvation system can be 5hut off by 

simple adrenal demedullatlon and denervatlon (Frohman, Müller 

and Cocchi, 1973) or spinal cord transsectlon (Brodows, 

Pi-Sunyer and Ca~pbe11, 1973). These pathways ln turn stimu-

1ate the output of adrenaline (H6kfelt and Bydgeman, 1961) 

from the adrenal medu lIa wh ich fi nally resu 1 ts in re 1ease of 

glucose f rom the li ver v ia an 1 ncrease in 9 l uconeogenes is 

(Brown and Bachrach, 1959). The grea ter hyperg l ycem la we 

observed fo11owing systemic versus central administration of 

2DG i5 li kely due to the comb i na t ion of the CNS effects 

superimposed upon the peripheral competition of 2DG and 

glucose (see Appendix 1). The importance of the CNS in 

med ia ting 2DG- i nduced hyperglycem ia is further demonstra ted 

by the present finding that 10w doses of 2DG (4 mg and 8 mg), 

\ 
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which were capable of inducing marked hyperglycemia when 

given centrally, were ineffective when administe["ed via the 

peripheral route. 

The absence nt an increase in insulin release, despite 

the hyperglyceJ'll1a following central administration of 2OG, 

suggested to eF.\rlier 1nvestigators (Prohman, MUller and 

Cocchi, 1973) that the insulin response to cellular gluco-

peni a was med ia ted v ia the CNS, P rnbably via 9 l ucoreceptors 

located w1thin the V~1H area (Des1raJu, Baner]ee and Anand, 

1968: ~1ayer and Arees, 1968; Oomura, Ono, Ooyama and Wayner, 

1969) from wh 1ch or1ginate the sympathoadrenal f ibe rs 

controlling adrenaline release. Purthermore, the finding 

that th i"s Insu Il n response was blocked by adrena 1 demedu Il a-

t ion, suqges ted to these inves t iga tors thrt t 2DG- i nduced i nsu-

lin suppression was the result of adrenaline action on the 

B-ce ll·s of the pancreas (Brodows, Pi-Sunyer and Campbe Il, 

) 
1973; Frohnan, Müller and COCCh1, 1973; Müller, Frohman and 

COCChl, 1973). 

Deoxyg l ucose is a l sa a patent st imu lator of appet i te 

(Balagura and Kanner, 1971; MUller, Cocchi and Mantegazza, 

1972; Smith, Gibbs, Strohmayer and Stokes, 1972; Thompson and 

Campbell, 1977; Rltter, Slusser and Stone, 1981). However, 

allowing the anImaIs to eat after 2DG treatment ln the 

present study ctid not alter the hyperglycemla, although it 

d id cause slgnificant elevatlon of plasma 1nsulin levels • . 
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These data suggest that the feeding response to 2DG-induced 

cellular glucopenia may be involved in reestahlishing a 

normal level of glucose utilizat~on hy increaslng ~nsulln 

release dlrectIy via stlmuiation of the pancreas. 

The ultradian Gif rhythm was dramatically altpred follow-

ing 2DG-induced cellular gJucopenia. The plasma longitudinal 

GH profiles of rats administered a large rlose of 2m; lntra

venous ly ex hl hl ted a seve rp reduc t Ion in both amp 11 tude a"nd 

duration of spontaneous GH secretory epJ sodes and pl Flsrna (;H 

concentratIons remalned slgnlficantly suppressed for up to 5 

h after the injection. The minImal (;H release usua1l y 

observed during the last 45 minutes of the sampling period 

may reflect some recovery of GH secretIon which may~ be 

accounted for by the dissipation of 2DG from tlssue. Allow

ing the animaIs tn eat during the test dld not modify the GH 

response inducecl by the adminIstration of 2DG, and plasma GH 

levels were still markedly depressed suggesting that, feed

ing although stimulated by 20G, was not a counterregu1atüry 

response tü the depressect plasma GH levaIs. 

The 2DG- induced supprec;s ion response we observed ie; in 

agreement with an earlier report (Takahashi, Daugharlay and 

Kipnis, 1971) baserl on s1Og1e b100d sampling ln the rat, 

indicating that systemic administratIon of a 1anle dose of 

2 DG was capab le of supp ress i ng pl asma GH leve l s. However, 

our resu1ts are in rlic;agreement wlth a prevlous study 
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demonstrating that central administration of 2DG caused an 

increa~e in pldsma GH in urethane anesthetized rats (Okajima, 

Motomatsu, Kato and Ibayashi, 1980). However, urethane 

itself has been reported ta affect hnth plasma GI-I levels and 

blood glucose (Krzemien and Llpowska-Zdbawska, 1976; Salto, 

Ogawa, Ishirnaru, Oshima and Saito, 1979); and thus, the 

anesthesia, per se, may be <1 confoundinq variable ln that 

s tudy. 

The flndlng that smail doses of 2DG wcre ineffective in 

inducin<] GH suppression when Qiven systemlcally, yet were 

potent inhlbitors of GH reJease when admin1stered centrally, 

provides strnng support for the hypothesis of a central site 

of action for 2DC-lnrluced GH suppression. In 1966, Blanco 

and his collaborators (Bl,'lnco, Schalch and ReiehUn, 1966) 

reported that hyperqlycemia induced locally in the median 

erninence of squirre1 monkeys causecl a suppressi(Yn in plasma 

GH levels suggest Ing the existence of CNS glucoreceptors 

lnvolverl ln (;11 regu1ation. Other investir]aturs were able to 

localize ylucose-sensltlve celis tn the ventromedial and 

lateraJ hypothalamic areas of the brain. They showed that 

the actlvity of tnese neurons was selectlvely altered by 

varlat ions in thE' surrOunr11nq 

cellular IJ l Il copen ia ( De s 1 r- a J U , 

qlucose concentrat ion 

BanerJce and Anand, 

and by 

1968 ; 

Oomura, Ono, Ooyama and Wayner, 1969 ) • These earller 

flndlngs wcre saon confirmed by the work of Hlmsworth and his 
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co-workers which showed that direct administration of 20G to 

these brain regions (Le. the ventromedial and lateraJ hypo-

thalamic areas) of the rnonkey had markerl effects on CH 

secretion (Himsworth, Carmel and Frantz, 1972). Of interest, 

is the fa ct Lhat these glucose-sensitive tJrain sites encom-

pass the GII hypotha lamic regu latory centers. Thus we hypothe-

sized that 20G was having ItS effects on CH secretIon Vla an 

act ion on the hypot ha Iam ic pept lderg ic neu ronal sy stem, both 

inhibitory (SRIF) and stimulatory (GRF) , involved jn C~H 

regulatinn. 

One potential explanat ion for the changes ln the plasma 

GH leve)s observed after the administration of 20G may be 

related to a direct efEect of the compound on the brain 

,( . . . 
somatostatlnerglc system. That is, the 2DG-induced GH 

. " 

suppress ion could be due to increased release of SRIF into 

the hypophyseal portal circulation. Evidence for direct 

stimulation of hypothalamic SRIF in respanse ta insufficient 

glucose metabolism cornes from recent in vitro studies which 

demonstrated that SRIF release from incubated rat hypotha-

lamic fragments increased aEter ado ition of 20G to the 

cul ture medium (Berelowitz, Oudlak and Frohman, 1982; 

Lengye l, N ieuwenhuyz en-Kruseman, Grossman, Rees and Besser, 

1984). The specificity of this effect is indicated in that 

neither SRIF release from other brain regions such as the 

ce rebra l corte x (Bere low i t z, Oudlak and Frohman, 1982) nor 
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the release of other hypothalamlc releasing factors (Le. 

LHRH) (Lt~nCJye l, (;rossm an, N l p uwe n h\ly7 en- K rusern 01 n, and 

Rees, 1984) WélS altpr~cl lJy ChcHHJCS ln rIlIJ('()SC: metaf>Ollsm. TI) 

passlvely lmmUnlz,ed a(y'lin<:;t '';Rlf' .nth a "peclfle c.;PfF .-lntl-

serum. 

MartIn, 197t3) and dlahf-!tl( rdts 'rdnrH:nnaUIl1, 19Bi). ImrnUfl()--

GH rp1case r)nc1 sirJnif Icant plev,-ü jnn ()j hoth trouqh dnd rnt'an 

6-h plasma C;fJ levele; comparerl tn }DC;-t:reated rélts .Hlml nIS-

tered normal sheep serum. However, lhe anl J e;erllm fd lIeri tl) 

restore ei ther the a~pl itude of the (;11 [luIses nr th\-' mean 6--h 

plasma C;H leve 1 c; tn norma 1 va l ucc;. It le; unllkely that-

inadefJuate Immunoneutrallzat lon Céln ac(:ounr for th0 InCO!n-

piete restnratinn of the GH pulsee; SlnCt< sHjniflcant -;HU' 

antlDody rnn(ling was medsured ln the plasma of SH!F antl-

serum-treated anima1"> for the ünt 1 ra pc r l () ci • 

Thee;e data therefore c;uqgest that increase SRIF' release ie; 

sion rpspone;e and provide support for only a partl"l l-ole of 

endogenous SRIF in thlS respons(·. The re~u 1 t r:; d J <;() Sll<J<Jes t 

tha t add i t i ona l mechil n ism ( s ) may hp involved 111 'jlucoc;e 

modu lat ion of secretlon; one e;ucli ITlPChanl'-;fl\ rnrly be 

decreased releilse of the GH-stimulatory peptlde, GRF. 
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In several situations in which GH secretion is 

decrea~ed, in both animal species (Tannenbaum, Eikelboom and 

Ling, 1983; Ha rvey, Scanes and t1arsh, 1984) and in man 

(Takano, Hizuka, Shlzume, Asakawa, Mlyakawa, Hlrose, 

Shibasaki and LIng, 1984), It has been demonstrated that 
) 

/ 
exogenous admInistration of GRF successfully released GH from 

the pituitary, indicatin(J that the pitultary is still capahle 

of respond I ng to GRF'. To assess the capaclty of GRF to 

release GH From the pltultary of 2DG-treated rats we adminis-

tered hGRF at ct <lose WhlCh has previollsly been shawn to he a 

potent CH secretauouue in the rat in vivo (Tannenbaum, 

EikelhooPl and LIn!], 1983). In these experiments, exogenous 

administratIon of three intravenous baluses of hGRF caused a 

surge of GH releélse after E'ach injection. However, the 

amount Dt GH released was variable and time-dependent. Tn 

partirular, the hGRF-inducf'd C;l-l release observed 1 h after 

2DG treatment was cons i.;:;tent ly less than that observed at the 

other two lime pOInts. Posslble explanations for the weak GH 

response at thl';:; Ume point may be related ta the following. 

Firc;t, this 10w responslveness may result [,-Dm a depletion of 

pituitary CH contenl as a consequence of decreascd GH synthe-

sis seconrlat-y tn the hlockade of glucose metabolism in the 

somatotrophs. This 18 unllkely ta occur since lt was 

reported that, ln Vitro, a dpcr'(~ase in GH synthesis in the 

pituitary somat0trophs was only observed after 5 h of incuba-



• 

- 68 -

tion in the presence of 2DG (Betteridge and Wallis, 1974). 

Another possibi1ity i8 that it is due to interference or 

antagon i sm by endogenous SRI F at the 1eve l of the pl t U 1 tary 

as a resu1t of increased SRIF release. The flnnlng that 

immunoneutrallzation with SRIF 'lntiserum e1lminaterl the tlme-

dependent difference in hGRt'-lnduced CH rclcase at 1130 h 

provides support for the view that endogenous clrculating 

SRrF i5 interEering with the abi l ity of hGRF to re1case (;H at 

this time point (1130 h). The ,observatlon that passive immu-

ni zat i on wi th SRIF ant ise rum al so dugmented the C;H respons i-

veness at the other time points (a1though to a 1esser rlegreel 

is also consIstent with earlier reports demonstratlny antago-

nism between SRrp and CRF hoth in vitro (Brazeau, LIng, 

B5hlen, Esch, Ying and GuillemIn, 19B 2) and in vivo 

(Tannenbaum and LIng, 1984). While these resu l ts provide 

adclitional (in vivo) support Eor the view that SRIF re1ease 
\ 

is increased, in response to glucose cleprlvation, the data 
lr 

indicate that the time course of th is response 15 of 

duration. This in vivo finding concords we 11 wi th 

Iimited 

~ 
vitro observation of Dr. Michael Berelowitz (Univer'::;lty of 

Cincinnati, Cincinnati, Ohio) that 2DG inrlucecl a short-llved, 

delayed stimulation of hypothalamic SRIF release with the 

peak response accu rring at 20- 25 mIn and a du ra tion of 60 

min (Persona1 Communication). 
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In summary, 
[ 

these in vivo resu l ts demons trate that 

intracellular glucopenia is a potent inhibitor of pulsatile 

GH secretion ln the rat and that thlS response lS mediated, 

at least ln part, by lncreased SRIF release. While the 

present flndlngs are compatlhle wlth the hypothesis that 

glucoprivatlon induces an acute SRIF release in the rat, 

fu rther exper Imenta t ion i s necessa ry to dete rm ine whethe r GRF 

release 15 also sensltlve ta changes in glucose utilization. 

A longe rIas t l ng decreas e ln GRF re lease could poten t i ally 

account for the marked suppressIon ln GH secretroy pulses 

observed several hours after 2DG administratlon. The ability 

to directly measure GRF levels ln response to altered glucose 

metabolism may shed light on this question • 

... , 

- --- --------
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APPERDIX 1 

Actions of 2-deoxy-D-glucose 

Deoxy-:-D-glucose has been used extensiv,ely bath in vitro 

and in vivo in s tud ies on carbohydrate metabol ism and on the 

effects of intracellular glucopenia (See Table 4). Deoxy-D-

glucose is a non-metabolizable glucose analog which is trans-

ported into the cells under insulin stiIrulation via ~he same 

carrier as glucose and is phosphorylated to form 2DG-phos-

phate which acts as an inhibitor of the enzymes phosphoisome-

rase and glucose-6-phosphate dehydrogenase (Brown and 

Bachrach, 1959). Therefore, 2DG and gl ucose are mu tuaI 

competitive inhibitors. In the presence of 2DG, less glucose 

is metabol i zed and 2 DG accumula tes intracell u larly as 2DG-6-

phosphate which cannot be converted to fructose-6-phosphate 

and theref ore induces a sta te of gene raU zed intracell ular 

glucopenia. Administration of 2DG in both humans and rats 

will induce a host of metabolic, hormonal and behavioral 

modification which are summarized in the following Table. 

----

" -

----- r 
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TABLE ,.4 

su.aa~y of Metabo1ic, Horaon~l 
and 8ehaviora1 Effects induced 

by 200 in HUJDans and Rats 

HUIIlans 

intrace11ular· 
glucopenia (3,25,27) 
hyperglycemia (25,26) 

tfree fatty acids (13) 
t1actate (13) 
ts~pathetic activity 

( 3) 

tadrena1 ine (13) 
tcort i501 (q) 
tglucagon (3) 
1-growth hormone 

(26
0
,27) 

tpro1act in (27) 

tfeeding (23) 
warmth, sweating, 
f1ushing and 
drowsiness,~ora1 

.. temperature (25) 

Rats 

intrace11u1ar 
glucopenia (4,5) 
hyperg1ycemia 
(4,16,22) 

r 

t free fatty acids (6) 
ttrig1ycerides (10) 
tsympathetic activity 

( 8 ) 
tgastric acid 
secretion (7) 

'adrena1ine (11,12) 
tcorticosterone (23) 
.. i ns u 1 in (6, 9 , 1 7 ) 
-l-tgrowth hormone 

(19,24) 
tthyroid stimu1ating 
hormone (l5) 

tbrain sornatostatin 
(2,14) 

.J,prolactin (19) 

~feeding (1,18,20,22) 
tdrinking (21) 
stupor and ataxia 
( 21) 

4. rectal temperature 
(15 ) 

, { 

.----:-----~ 
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