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AIM ： To study lhe syl3ergistic effect of G 

(glucagon，0 02 mg。kg )，H (hydrooortiscne， 

20 mg‘kg一。)and E (phenylephrine+ isopro- 

terenol，both 1 mg’kg )during lnsulin-induced 

hypoglycemia (IIH) in rats with 6 h of foo d 

deprivation(F6 group) METHODS：l(insulin，1 

U·ka )was injected iP and 30 min later saline 

(F6+ I group)， H，G and E individually or 

combined(G+H，G+ E，H+E and G+H十E) 

were alljnjected；P and all experiments started 1 h 

after l injection． RESIⅡ ：n悖rise ln glycemia 
with H + G + E was greater than lhe sum of the  

responses to iP H． G and  E ind ividually or in 

dottble comloination  plus any single hormone． This 

effect was reprodu ced by G + H + Iso 

【isoprotetenel，1 mg‘kg一 )，G+H+}so+Met 

(metoprolol， 1 mg。kg ) and G + H + Sal 

(sall0~tamol，1 mg。kg )． A clea r relationship 

was shown between glycemia and free fatty acids  

bevels Liver g[ucaneogenesis from glycerol(2 

m OI．L )was higher jn the  group which received 

G+H+!i~-adranergic agonist vs control rats(F6 or 

F6+ l grctJps)． OONCLusl0N： (a) Acute 

hyperglycemia is Obtained from  a condition of IIH 

by combined ip of G +H+B-adrenergic 8,gonists； 

(b)This effecl cannot be  ascribed lo a single 

hormone．bul ls a corsequence of the  combined 

effects of these substances； (c) Blood jnsulin 

Ievels and Iiver glycogen have ne  partic[pation； 
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(d) Lipolysis mediated by a ~-adrenergic 

me cha nism an d gluconeogenesis from glycerol 

contribute to the  hyperglycemia． 

The anti-insulin hormones，gluc~gon (C)， 

hydrocurtisone(H)and epinephrine(Ep)interact 
synergisdcatly in nom~oglycemic rats( 

，

dogs[2]and 

humans【3] Except our papers【I， ]synergism of 

counterregulatory hormones from insulin-induced 

hypoglycemia(IIH)WaS never reported by others． 

Hypoglycerhia induces releaset of C，H
， and 

Ep，which increase the glueoneogenesis． C and Ep 

accelerate glyeogenolysis． Ep produces elevation in 

p[asnm free fatty adds(H、A)levels and decreases 

the glHoose clearance． In hyperinsulinemia the 

simultaneous increase of these hormones can DOt 

blunt insulin action and restore glyeomia【 ，6l 

The perspective of G administration has been 

the focus of interest(6．7]but little attent (1-4】has 

been giMen to the impact of adm inistration of G 

eombined with H and Ep during hypoglycemia． 

The purpose of this work was to determine the 

participation of lipolysis， liver glycogen， and 

glueone~genesis[8 to the hyperglyeemia promoted 

by combined injection of eounterregulatory hor- 

rr10力 during IIH． and to verify the mle of 

insulinemia and advance our understanding of the 

adranergie participa tion． 

MATER I AND Ⅳ叨 I()Ds 

Albino ： Wistar rats weighing 150 250 g ~ve2-e 

deprived offoodfrom 08：00to14：00 

At 14：00 insulin 1 U。kg0(I)waS i ected ip and 30 

min later saline(control grip)，G(0．02 IT．g‘kg0)，H(2O 

rag‘kg )and／c~E’ iniected either alone(G，H，E) 

or c~nbined(G+H．G+E．H+E，G+H+E) One hour 

afterlinjection．tatswere decepimted and b[mdwasmUmted 
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妇 ~erum determJnatior~ of glu。。s ． insulin(t ， and 

FFAt11 J． hver 哪 taken into 30 ％ KoH， and 

glycogen content of powdered liver w拈 measuredL‘ 

For rrlea5ur nent of glumneogenesis rats wc：re 

a }．et 甜 (with pentobarblraI sodlt~n) and Iiver~ wcR'e 

perfused in situ through portal vdn I1g eh ei} 

bicarbonate buffer，pH 7．4， ed with 95 ％ O2+5 ％ 

(X ，wi th~at recirculaficetof the perh ． Glycerol 2眦 啪I 

· L l"~rasinfused duringtheperiod between10 and 30mlnof 

0erfusi~ The gluconeogenic activityⅥ evaluated as the 

difference between s u∞se released during glycerol 

infusion andthe corresponding rates before glycerolinfasic~a 

Du 旭 the time between I injection and the 口中 Tn∞【s 

food 璁s not availabletothe rats． 

Ratswith 6 h offood deprivation(F6group)and rats F6 

whichm~ved l andw口ekilted1itlater(F6+l 0up)w 

used a8 contrds In some experiments．fed ad瞄 邮 (F副 

group)and 2 h fasting rats(Fz4鲫 p)we．re used as 

mntrds． The exp m即taI grtmps consisted of a F6+ 1 

which received single or caaablned iniection of 

cc~merregulatory holwflones 3O min after ip I 

(一)Isoprotmv~ol hydrochloride(Is。)and L—phenyl— 

ephfine hydrochloride(Phe)were purchased from Si rIa， 

USA． Crystaline bed glutton w from Ell Lilly d Brazil 

u 叭 (Sao Paulo，Brazil)and i~ al-insulin(Neosul[n)w∞ 

fromBiobras(MontesCIaros．MG，Brazil)． 

All drugs above describedw~l'einjected |p． 

Glucagonwas basedinthe dose used as atI~lraent of 

hypoglycemia( uca日_m from pancreatic extraction，1 rng， 

im)． Dihydro：ortlsone w鹅 based in the used in 

emergency situations 1000 rng，iv) 1 dose of ad咖 ergic 

agonistswas basedinthe dceewhich prorated synergic effect 

(combined wit}1 glucagon and dihydroco~isone) in 

n()】 y0 crats(Soaza et a／．ArqBidTecnfll 1994；37： 

737—44) 

Statistical analyses wc2"e done by ANaVA u ng  a 

ctmaputer program (Primer Biccstafistics：The 。gra1T1)． 

REslJl腮  

Because hypoglycemia v，as well established 30 

min after ip I L ． this time was selected for iP 

counterregulatory horfflones． The decision to wait 

30 rain after the ip of these ho1Ti1Ones to start the 

experiments was based on that these hormones 

caused hyperglycemia 30 min(not 90 min),after ip 
from nornaoglycemia or hypoglycemiat 

． Based on 

*To study the participation ofⅡand P耐re唧 c m0c is ， 

neohxiaewas replaced by：Phe+Iso(both 1 nag‘kg )；Phe{1 
· 

一

’)；Iso(1mg·kg一 )；Im+r~ oprolot(both1 · 一 )or 

salbuteam[(1 nag· ) 

this designL ， we found a synergistic effect of 

G+H +E． causing acute hyperglycemia from a 

rendition of IIH (Fig 1)． The hasa1 value for 
glumse ooncentmtion was 400 mg·L 0 resulted in 

an incro_~tse of 250 ％ in glycemia with iP 

G+H +E． The rise in pla~m glucose produced by 

G+H+E was greater(P<0．05)than the sunl of 

the effect of each hormone ip individuaUy or the su_rn 

nfthe responsestoeach mmbination of 2 eoun ter— 

regulatory ho1Ti1Ones and the respective rumple— 

meriting  sing le-ho rm one ip． 

啦 !． ( I曜芦 in yc自I-ia 曲“Ⅱed by isolated or 

n-b删 ip ofG(0．02 mg· )，It(20 mg·kg‘。)and 

E． 31'o珈Ⅱ the呻 ldpati蛐 of and p．鲥 m峨  

m m i s，印tn印晡 m Ⅷs r 删 by ep + 

I蛐 咄Ⅻ I(both 1 mg·kg。。)． 

A clear relationship was found bet'ween 

glycemia an d FFA levds． Hyperglycemia and 

increasedFFAwere obtained withG +H +Iso． In 

mntrast。ip Phe mmbined with G + H did not 

promote gluo recovery(Fig 2)． 

I ip resulted in a hyperinsulinemia． I levels 

increased about 6 folds in the groups which received 

I ip(120 mU-L )w F6 group(20 mU·L )． 

Hepatic glycogen was higher(P<0．05)in the 
Fed group． In addition．6 h of food deprivation 

( group)caused a decrease(P<0．05)in the 
hepatic glycogen，which was riot affected by ip I 

(F6+I group)oranti-insulin hollqtlones(F6+I+G 

+H+l舳 group)． Hepatic glycogenlevels during 

normoglycemia(F6 group)，hypoglycemia(F6+I 

g“)up)and hyperglycemia(F6+I+G+H+I9。 

group)were simliar(Tab 1)． 
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FreP[att~acids／mnlol L 

Fig 2． Relatiw ~hip between 哪 岫 aI-d FFA in rats 

i~ectedip ．n l U·kg。。舳ld 30 min Iate'：sali~ fI 

霉唧 )，G，H，E，G+H，G+E，H+E，G+1t+E，G+H 

+IsD盯 G+H+P1．eI‘haiectlm． G ( 畔哪 ，0．02 mg 
’kg。。)，H ( 血oo 凼0m，20 mg·kg。。)，E (p]le~ - 

叩 嘴+'嘲 曲m 0l，b0tlI 1盯喀‘kg )，Phe(pIIe l- 

ephrtm，1 rag’kg’。)，Is0(i∞ 呻目Ⅷ10l，1 mg‘kg。。)． 

Tab1． L时 glyeo~ aI-d glyc~ ia offM~fast r砒s( ) 

iIlj．姓edip：a)salve(R group)；b)insulin，1 U‘l【g (R 

+ I， gmep)； c)jl嘲 lin Imd 30 rain later a combined 

in~ection of hyl 0r值鲫Ile 20 mg’l【g一 (H) 叫a罾m O．02 

mg。l【g1(G)+_啪呻啦唧，0】l rag‘l【g (Is0)( )+I+H 

+G+lso group)． (蹦 group)Imd 24-h fast吣 ( 

唧 )哪  dⅡd。d as commls． j± ． 

>O．05， < O．05 僻 + I 

F6 rats submitted to IIH which received ip lso 

(combined with G+H)were Compared with 1so 

+metopmlol( 1od with G + H) or Sal 

(combined with G H)． 1The results showed 

similar increase of glucose and FFA f all groups 

(rrab 2) 

Glumse production from glycerol (2 mmol 
’L )in p~usea liver in sltu showed sinailar 

results in F6+I+G+H+Sal group and fasting rats 

(F24 group)(Rg 3)． The basal glucose production 
was lower in Fz4 group． This difference 

mrresponds to the glucose released from glycogen， 

whichwas 1()Ⅵw inFM rats(rI 1)． 

2． Ph伽 t ofi坤 黼 in free fatty aci凼 (FFA)丑nd 

from 6-h·fl艟t rats( )iq 州 ip in．aim (I)1 

u。l【g_。盯-d30 n血 Iaber s_】h．e( +I粤roup)盯 a哪 r r d 

．pof ca窜嘶 0．02 rag‘kg_。(G)-t-b0r 羽喵s日ne 20 rag 
。l【g1 (H) 蛔娜 l 1 mg’l【g_。(IsD)(F‘+I+G+H 

+ 鲫 p)，G+H+IsD+唯  1 mg。l【g-1(Met) 

( +I+G+H+IsD+Met 唧 )盯 G 4-H 轴lb一 ll哪I1 

mg’l【g (s矗1)( +I+G+H+Sad grouP)． m  results 

“pr目 神 as perc~t ofinc№ from + I rats． 

j± ． P >O．05 +I+G+H+lso 唧 ． 

P 日㈣ time／ in 

Fig3． Glucosepr~lucxicm from gJy~ m．Ⅱpe 侧 liverin 

situ． The em l蚰 l p盯f嘲 怔 F舔 翻脚 — in 2．m_m 

i 6—8 u ． 咖 ：24·~fasi，F‘ 

唧 ：6-~fasi， +I 唧 ： 吣 Ipi瑚nlinI h be 

perr~ ， +I+ (G+H +s矗1)卿 ： ip a 

硼哪 酬 叫 0f 耻椰 (G)+ 畸 0c幢 

(H)+~allmtamol(Sad)30 nfin 船 imulin and眦  

D硅 卫ON 

A role for insulinemia， glycogenolysis， 

glueoneogenesis， adrene曙ic mechanisms， and 
lipolysis to glucose recovery after IIH was well- 

known ’ 引
．  But these investigations dId not use 

l  l  l l  D  O  0  q  

一

1_ 一l  0 
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administration of anti．insulin hom~ones 

Experiments using pharmacological doses of 

anti-insulin hormones during  hytx~lycemia usually 

empbyed G[ ， 
．

This rat modd[ ， ]involveel riot 

only G but also H and adrenergie agonists during 

I【H． Our results demonstrated that G injected 

simultaneously wi出 H and Iso promoted hyper． 

glycemia from hypoglycemia． 

To tmderstand better how hyperglycemia can 

be。btainee1．a further study on the role of hepatic 

glycogen， insulin levels， adrenergic mechanisms， 

lipo lysis，and glueoneugenesis wBs made 

Acute hyperglycemia w&s obtaineel with 

simultaneous administration of H + G + E during  

IIH(Fig 1) The influence of intestinal absorption 

of glumse caIl not be eousidered because we 

employed 6-h-fast rats (F6 group)， in which 

glycegen w&smarkedly depleted(P<0．05)∞ R 

group (Tab 1)． But 6-h-fast (F6 group) 
represented a short fasting  because glueoneogenesis 

during this time was not significantly increased 

(Fig 3)． 

An unexpected observation was that liver 

glycogen was riot depleted in the group which 

received combined injection of G+H +Iso during 

【IH． Liver glycogen w&s basically the same(Tab 

1)in conditions of normoglycemia(F6 group)， 

hypoglycemia(F6+ I group)，and hyperglycemia 

( +I+G +H + ls0 group)． Because insulin 

promoted phusphorylase inactivation and activates 

glycogen synthetase，the hyperinsulinemia in these 

groups could provide a possible explan ation for this 

result． A1tematively．t}1e absence of a decrease in 

liver glycogen did not exclude increased 

glycegenolysis． 

Theincreased glycemia and FFA afterip ofG 

+ H + Iso．G + H + Iso+ Met or G + H +Sal 

suggested tha t glumse ceunterregulation during IIH 

depends orl lipolysis mediated by a adrenergie 

mechanism (probably )． This suggestion is 

ceusistent with the stude14)which showed that 
lipolysis and~-adrenergic mechanisms play a central 

role in defense against hypoglyce~nia． 

The concept of glueme／fatty acid cycle was 

introduced to explain t}1e reciprocal relationship 

betvccen the rates of oxidation of glucose and fatty 

acids[15j
． When fatty acids ale mobilized from 

adlpose tissue， their rate of oxidation by muscle 

increases，which， in turn， decrease~ the rate of 

glucose utilization． Based on this concept， we 

might speculate that raised FF|A levels(Fig 2)could 

produce a“IRandle effect”and prevent a decreasein 

glycemia． In addition． increased forrnalion of 

reducing equivalents by B-oxidation in liver can give 

favorable conditions to liver gluconeogenesis． 

Despite high insulin levels， glueonengenesis 

from glyceml was similar(Fig 3)in 24．h—fast rats 

( group) and the rats which received 

simultaneousinjection ofH +G+Sal during IIH 

Since glyeeml probably is enhanced in this group 

(Fig 2)， the possibility of an increased 

gluceneugenesis should be considered． It is 

interesting to eonsider that glycerol，(in contrast幻 

lactate， pyruvate and alanine) enters in the 

glueoneogenie pathway after the mitochondrial step 

and carl bypass the inhibition of PEPCK promoted 

by insulin． 

Finally， it must be stressed that our recent 

resultsl‘， J and the eonsidemtiom herein discussed 

support the suggestion tha t lipolysis mediated by a 

~adranergic mechaniam and gluconecgenesis 
contributed to the powerful glumse counter． 

regulation during IIH when G was injected 

simultaneously with H and tNadrenergic agonists 
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