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S('MMARY 

~. Alter the intravenous Injection of glucose into normal male rats, we have 
measured the plasma-insulin activity, tile glucose uptake of the diaphragm and ot 
cpididymal adipose tissue from 5-9 o min after the injection. We have observed an 
increased uptake of glucose by the diaphragm and a rise of insulin in the blood 
Io min after the injection. In the adipose tissue we have observed an inhibition of 
glucose uptake at all times up to 60 min. 

2. IO min after the injection of L-leucine the blood insulin rises and there is 
an increase in the uptake of glucose by the diaphragm and by the epididymal adipose 
tissue. 

3. The inhibition of uptake of glucose by adipose tissue, observed after intra- 
venous injection of glucose, is not produced in adrenalectomized rats. It is suggested 
that hyperglycemia produces secretion of glucocorticoids which are responsible for 
the inhibiton of the uptake of glucose in adipose tissue. 

INTRODUCTION 

In I952 PERLMUTTER, WEISENFELDT AND MUFSON 1 found no evidence of increased 
blood-insulin activity after the intravenous injection of glucose, CANDELA, ROVmA 
AXD CANDELAZ, 3, however, were able to demonstrate, in dogs, that the hyperglycemia 
produced by this means gives rise to a rapid increase of insulin in the blood, v-hich 
recedes shortly afterwards, to reappear some time later. WmTNEV AND YOUNG 4 
studied the plasma-insulin activity and the glucose uptake of rat diaphragm after 
the intravenous injection of glucose. They found an activity less than normal 30 rain 
after the injection, the glucose uptake first increasing and later falling below tale 

Bearing in mind the foregoing results, the question arises whether hyperglycemia 
results in the release of iusulin only, with muscle as one of its destinations, or whether 
it also produces secretion of other hormones whose target may be different tissues. 

" Part of Doctoral Thesis. 
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M.\TERIAI. AND METHGDS 

MMe kXA-~,~t;a~rr m.a~,~, from our c,~hmy, of 12o -I6o g weight, were kept 16-2o h in a dark 
room, ~dd~,;,,~ a&se, a , d  at  2 e ,  either with free access to food or fasting and with 
free :a, ooe~.a rt,0, ~-~tet. 

,laa ~ ,ca~e. o~ adrenalectomized rats the adrenalectomv and post-operative care 
was :a.,oo0~dl~g to, tb_e usual practice. When the wound was cicatrized and the animal 
com~gae~dl~- re,c~,~,vered, the effect . f  an injection of glucose was investigated in the 
same ~aum~e,¢ a~s with normal rats. 

Art ~ Itiimmes after injection of either glucose or L-leucine indicated in the section 
ItES-CLIrS ~ e '  r~ts were killed by  decapitation. The blood was heparinized for the 
d e * ~ 0 ~  ~,),[ p lasma insulin as described in another  paper s. Immediate ly  after 
col~ec~g'  rtltle ib,~oo~, the d iaphragm and the adipose tissue of the epididymis of each 
~ 1 ]  v~e~ne, removed. The hemidiaphragms (2oo :.: 5 mg) and the adip'~se tissue 
(200 ___ "3 m~,~)) were incubated in Warburg  vessels, charged with Krebs -Hense le i t  
bl~,er  :arid ~c,0~lI~mng 3 mg of glucose/ml at  37.5 °. The time for the determination 
of 9.~e ~2a/k~. o,tt g[Ixcose by the diaphragm was 1.5 h, for that  of the epididvmal adipose 
tis.~'tte, 5 lk. ~Lt~¢ose wa_s es t imated by the Somogyi -Nelson  method. 

RESULTS 

The ,e.-~e~'~e.~lI~ were -ar r ied  out in three groups. In the first group, the effect of 
intra~-~em~0~ ii~ectton of glucose on the glucose uptake of diaphragm and of epididymal 
adipc,~e tt~_~e.,, &r; 7.~o on the level of insulin in the plasma was assesseci over a time 
ccm:r.~e,0~ff ~9~o m~.~. ~n the second group, the effects were s tudied IO rain after the intra- 
ve~c,ms im}e~¢_~0,~ o,f Lqeucine. In the third, the effect of adrenalectomy was studied. 

ql~e mes.~tL~ o,~ the first group of experinaents are shown in Table I and represented 
gr.~ca~II~- ~ Ir~g. I. [ t  can be seen that  injection of glucose produces a significant 
inc~ezc~ae ii~ ~ ttptake ¢~f glucose by  the diaphragm, compared with non-injected 
ec.mtm0~s., ~0~ aim~ x.5 rain after the injection. In the adipose tissue, there is a significant 
decrea:~e fm tide gt~zcose uptake at  all times studied, except a t  6o rain. The level of 
iaa.,~qJi~ km ~ne p ~ s m a  is raised significantly only at  IO min, after which the values 
~ea~aa~m ~0mma~l ttla, to 90 min. From this we may  infer tha t  the injection of glucose 
prodmoes am ~mreased secretion of insulin, as observed previously 2, a, * 

[~a ~ I k -  fill are shown the results obtained IO min after  the injection of Lqeucim' 
f~oaaa m-hich ~l/ iis cMar that  this amino acid produces a significant increase both of 
p la_~a  i m ~ l ~  zmd of glucose uptake in d iaphragm and adipose tissue. Comparison 
off t~e  elff~c/t~ o~t~ gitzcose and of L-leucine adminis t ra t ion suggests that  when the se- 
c r c ~ =  .'0~ff ~ =  L~ not produced b~- hyperglycemia,  this hormone is bound both 
b y  ~a~clD ~ roy adipose tissue, thus facil i tat ing the ~assage of glucose into the 
i~ ,er ior  ~0)ff ~_1~ ,ce~ tn both tissues. 

/ ~ e  H I  _~ows the results obtained io  rain after injection of gluco.~e into 
ad~md~c~t~0~ed male rats. The glucose uptake of adipose tissue, and of diaphragm, 
is g ~ r ~ e r  ~ rdite ac~xenalectomized rats  than in *,_he normals and the plasma insulir, 
,is ~g~&~. ~,~e~-~,m of glucose does not result in a lowering of the uptake of glucose, 
as £~a ~ ~ t ~ o s e  tissue of normal animals,  but  in a significant increase in all three 
p a r a m m ~ .  
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A) D i ~ l ~ t ~  ~ ~ ¢ I m ~ - i n j e c t e d  rat, incubated in buffer 

2 . s F  I P ~  ~ l 2o1-~ I l l  i ! i 
" l l  I g l  l [ I [ i 

' " I l l  E l  ' i { ~ ! 
, , o r l  I ' i {  
o'b1"ICl , 

/ L m lJ ,s. } : . s  ~ /--OeS " ~  l . S  l " 

/ B) Aal l~-~ =i~--~. ~ ~ ¢ o s e - i n j e c t e d  r ~ t ,  incubated in buffer 

• / ' - ° r  i : "<1~'t : 
o-sl-  I : ~ s . '  ; I i i  ! i : 

- ; -  ° I - ~ "  =! ' l !  

o \ - , . ~ b ~  ,, : p<om! 

\ 
C ) T~i~s,"m~ ikn~alli~ eSf~zt 

\ 1 . 01 " -  iF~c®~1: ' . . . . , N c 

~0{ I f  • i i i : I 

E D) :Btc~mxd s ~ n "  ~ l t .~s  o~' ~ucose- in jected  rats 

~' "°l-~,,o~_i " i 

~ ,o T ~ I _ _  

i 0 5 ~ ~ --~'~ "~" ~ ~'~ ~ ~5 50 55 60 ~ 70 75 80 85 90 

~ -n~  ~¢ - t r  ~l~u~ose injection (m in )  

Fig. ] .  Effect of intraven(ms [ i ~e , c~o~  (0,~ ~lJacose on the glucose uptake of isolated diaphragm (AL 
and of adipose tissue (]3.! a~c] a~.s0) (0~ N~e. plasma-insulin effect (C). Blood-sugar levels at removal 

o~ ~sue, shown in D 

D~SC USSION 

These results confirm V3~att ~.-g~e~yeemia produces an increase in the secretion 
of insulin. The greater  u l~alke.,0,ff.gl~ose by  the isolated d iaphragm of the rat ,  removed 
after  injection, first d e m 0 m _ ~ f r ~  bN ~,VmTNEY AND YOUNG, may  be due to the binding 
of insulin, released ~xo~a ~ e  8~amnrea~, b y  muscle; the  insulin could then exercise 
a s t imulat ing effect .on ~ .e  ~ e  o,[ gk~cose in vitro. This effect is, however, not ob- 
served in the adipose ~iss~e,, , ~ . ~ e  the  greater  insulin sensi t iv i ty  of this tissue com- 
pared with tha t  of s t r ia ted  m~sde..~ks ca~. be seen in Table I, except a t  60 min after 
injection, the effect e b s e ~ , ~  is a~ ~ f f i o n  of the uptake  of glucose. This inhibit ion 
is not produced if the  s z ~ m ~ $  ff~: ~ t d i n  secretion is L-leucine, (assuming tha t  this 
amino acid elicits an . ' ,~a~-,e~ sev.~tion of this hormone) (Table II) ,  or if hyper-  
glycemia is produced i~ ~hem~r~tomized  animals (Table I I ! ) .  These facts lead us 
to conclude tha t  the  in}ecZema ~0,ff g ~ o s e  not only produces secretion of insulin, which 
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increases the uptake of glucose by the diaphragm and raises the level of insulin 
in the plasma, but also stimulates the adrenal gland. The iatter effect gives rise to 
a secretion of glucocorticoids which produce the inhibitory effect on the glucose 
uptake observed in the adipose tissue. 

The adipose tissue is considered to be the most probable site of action of the 
glucocorticoids. RIE'r-COR~EA, MAGALHAES AND ]{RAHL 6 have observed that the 
stimulation by insulin, in vitro, ¢;f glucose uptake in epididymal adipose ti,;sue of 
the rat is noticeably inhibited by a previous injection of cortisone acetate. MUNCK 7 
and Mt'.XCK AND KORITZ g have dem.nstrated, in vivo and in vitro, that cortisol, 
corticosterone and dcoxycorticosterone reduce the glucose uptake of epididymal 
adipose tissue. In the light of our experiments with adipone tissue from adrena!ect,~- 
mized rats, we consider this interpretation to be, quite likely, correct. 
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