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Insulin act ivated both the uptake of glucose-C 14 f rom the medium and its incorporat ion into 
glycogen by the incubated diaphragm: the percentage  of glucose-C 14 incorporated into glyco-  
gen increased  with an increase  in the dose of insulin. An inc rease  in the concentrat ion of glu- 
cose  in the medium also caused this more  rapid ass imi la t ion  by the musc le  t issue.  However,  
significant s t imulat ion of glycogen synthesis  was observed  only in the p resence  of a high (un- 
physiological)  glucose concentrat ion in the incubation fluid; the percentage  of glucose-C 14 in- 
corpora ted  into glycogen remained smal l  and constant.  It is postulated that the g lucose-C 14 
found in the case  of subs t ra te  control  is the resu l t  of exchange of the glucose res idues  of g ly-  
cogen with in t race l lu la r  glucose. 
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The effec't of insulin on ca rbohydra te  metabo l i sm in musc le  t issue is mani fes ted  p r i m a r i l y  as an in- 
c r e a s e  in the ass imi la t ion  of sugars  by the t issue and in the ra te  of glycogen format ion [9, 10]. An inc rease  
in the concentra t ion of exogenous glucose also leads to an increase  in its absorpt ion by musc le  t issue,  but 
the effect  of this factor  on glycogen format ion has not been adequately studied [4, 6]. 

The purpose of this investigation was to make a compara t ive  ana lys i s  of the effect  of insulin (hormonal  
control) and glucose (substra te  control)  on the ass imi la t ion  of glucose and glycogen synthes is  by the ra t  
d iaphragm.  

E X P E R I M E N T A L  M E T H O D  

Female  Wis ta r  ra t s  weighing 120-150 g were used. The ra t s  were  kept under o rd ina ry  conditions 
and depr ived of food for  18-24 h before sacr i f ice .  

P repa ra t ions  of the d iaphragm were  obtained by the method of Kipnis and Cori  [3]. K r e b s - R i n g e r -  
b icarbonate  buffer  solution, sa tura ted  with carbogen gas mixture  (4.2% CO 2 and 95.8% O2) at 37~ the pH 
of which was adjusted to 7.4 by means of 1.3 % NaHCO 3, was used to isolate and incubate the d iaphragms.  
The isolated d iaphragms  were  washed for 5-7 min in cold buffer ,  divided into ha l f -d iaphragms ,  each of 
which was placed in a s epa ra t e  50-ml f lask containing 2 ml  of incubation medium,  and incubated for  90 min 
at 37~ In the tes ts  with insulin the medium contained glucose in a concentrat ion of 250 mg% and uniformly 
labeled glucose-C 14 (0.2 gCi/ml) .  In the tes ts  with different  glucose concentra t ions  in the medium the quan- 
t i ty Of g lucose-C 14 was changed so that the specif ic radioact ivi ty  remained  constant  in all  the samples .  

Glycogen was isolated f rom the d iaphragm by alcoholic precipi ta t ion and hydrolyzed in 1 N H2SO 4 [11]. 
The total quantity of glucose in the glycogen digest  was de te rmined  by the glucose oxidase method [1]. The 
absorpt ion of glucose by the d iaphragm was de te rmined  f rom the difference between the concentra t ions  of 
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Fig. 1. Effect of insulin (A) and glucose 
(B) on uptake of glucose by the rat  dia-  
phragm. Mean values (M ~= m) of 6-8 
experiments .  Abscissa ,  A: insulin con-  
centrat ion (in mil l iuni ts /ml  on a logar i th-  
mic scale), in B: glucose concentrat ion 
in medium (in mg % on a logari thmic 
scale); ordinate for both graphs:  uptake 
of glucose (pu lses /min /mg wet weight of 
tissue). Broken line marks  basal level of 
glucose uptake (in samples  without h o r -  
mone). 

glucose-C 14 in the medium before and af ter  incubation. 
Radioactivity was measured  by means of a Packard liquid 
spec t romete r ,  using Bray ' s  scintillation fluid. The results  
were analyzed by Student's method with a level of signifi- 
cance P < 0.05, 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The absorption of glucose-C14 by the diaphragm mus-  
cle increased proport ional ly to the logari thm of the insulin 
concentrat ion in the incubation medium within the dose 
range of 0.1-10 mi l l iuni ts /ml  (Fig. 1A). The grea tes t  ab-  
sorption took place with insulin in a concentrat ion of 10 
mi l l iuni t s /ml  and remained virtually unchanged with a 
fur ther  increase  in its concentration. In the different ex- 
per iments  this maximal  absorption amounted to 160-200 % 
of the absorption in the control  samples (v#ithout insulin). 

With an increase  in the concentrat ion of exogenous 
glucose (from 100 to 500 mg%) its uptake by the diaphragm 
also increased (Fig. 1B). However, the magnitude and 
cha rac t e r  of the two controll ing factors  - hormonal and 
substrate  - differed, evidently reflecting differences in the 
mechanism of their  effect on glucose utilization by the mus-  
cle. 

TABLE 1. Effect of Various Concent ra-  
tions of Insulin and Glucose in the Medium 
on Glycogen Synthesis by the Rat Dia- 
phragm* 

Composi t ion 
of incubat ion 
reed ium 

[Quantity ofglu- t Quantit~ of glu- 
cose in 1 c ell 4 - �9 .g y o~ [ e o s e - C  m glv-  

tdlgest  0n vgz ] eogen ~tiges$(fn 
I00 mg wet wt. proses/rain/rag 
of tissue) wet wt. of 

t2ssue) 

Glucose 250 mg %1 
Insulin{in nYi 11"i - 

uni~s/ml) ] 

1 
10 

Glucose (in mg ~ 
i00 
200 
300 
400 
500 

179 --+ 17,6 
470-+ 38,2 ? 
618---+38,4 ? 

162~+21,0 
195• i5,2 
173--+22,4 
238+--25,2 
288• i8,5 ** 

116--+13,1 
328--+23,8 ~ 
466-+ 27,4 I" 

52m3,6 
66--+2,25 

115-----12: :~ 
134--_+11 ~: 
179-----2,14 $ 

Quantitative est imation of glucose in the glycogen 
digest  ca r r i ed  out on the same samples (Table 1) showed 
that insulin st imulates glycogen formation; both the total 
quantity of glucose (endogenous and exogenous) in the gly- 
cogen digest  and the quantity of glucose-C 14 incorporated 
into glycogen (exogenous glucose) were increased.  Insulin 
evidently does not change the relative proport ions of meta -  
bolites of endogenous and exogenous glucose incorporated 
into glycogen. This occurs  for two reasons:  f irst ,  with a 
high concentrat ion of exogenous glucose (250 mg %) the 
t ranspor t  p rocesses  do not limit the velocity of glycogen 
synthesis  from exogenous glucose; second, glycogen fo rma-  
tion from both endogenous and exogenous sources  under 
these conditions depends on glycogen synthesis activity. 
Insulin is known to stimulate the activity- of this enzyme, as 
was f i rs t  shown on homogenates of the diaphragm incubated 
with insulin [7, 8]. 

*Here and in Table 2, mean values (M =~ m) 
from 6-8 exper iments  are  given. 

P < 0.001 compared  with values in the 
absence of insulin. 
Sand ** denote P<  0.01 and P <  0.05, r e -  
spectively,  compared  with values for a 
glucose concentrat ion of 100 rag%. 

By cont ras t  with insulin, an increase in the glucose 
concentrat ion in the incubation medium did not give r ise to 
a proport ional  increase  in glycogen formation. The total 
quantity of glucose in the glycogen digest  was increased 
only in the presence of the highest glucose concentration 
(500 rag%) in the medium. The incorporation of glucose-  
Cl4 into glycogen, it is interesting to note, was proportional 
to and increased significantly with an increase  in the con-  
centrat ion of exogenous glucose. This fact can be explained 
on the assumption that the change in the quantity of glu- 

eose-C 14 in the glycogen digest  ref lects  an increase  not only in the rate of glycogen synthesis but also in 
the rate of the subsequent exchange of the glucose residues in the glycogen with the intraeel lular  glucose. 
It has been shown that amylo- l ,6 -g lucos idase ,  an enzyme catalyzing the hydrolysis  of glycogen at the branch-  
ing points of the polysaccharide chain, can increase  the incorporat ion of glueose-C 14 into glycogen either 
through the part ial  r eve r sa l  of hydrolys is  in the presence  of a high concentrat ion of glucose-C 14 or  through 
an exchange react ion taking place between glucose-C14 and the glucose in the subs t ra te -enzyme complex [2, 5]. 
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TABLE 2. Effect  of Various Concentrat ions of 
Insulin and Glucose on the Convers ion of A s s i m -  
ilated Glucose into Glycogen 

Quant. ofglu- Quant. of glu- 
cose- ~ 4 as- cc~e-C14in gly - 

Composition simi'lated (in cogendiggs ~ 
of incubation ] ~g/g wet wt. ] (in pmsesrmint 
medium ]of fiss:) ,m~ wet wt. [ oftissue) 

I It 

Glucose 
250 mg % 

Insulin(in milli- 
units/m1) 

0 
I 

1O 
Glucose 
(in l~0g %) 

200 
300 
400 
500 

9,1• 
12,2• 
14.3• 

6,1~0,13 
9,9-----0,18 

11,7-+'0,06 
14,5• 
21,4• 

0,79• 
2,42• 
3,8• 

0,42-----0,01 
0,56-+-0,012 
0,98• 
1,15+0,1 
1,53• 

Ratio II/I 
(in %) 

9 
20 
27 

6.7 
5.8 
8,4 
7,9 
7.1 

In the p resen t  expe r imen t s  increased  glucose concentra t ions  in the medium led to marked  st imulat ion 
of glucose utilization by the t issue,  with a consequent  inc rease  in the in t race l lu la r  content of g lucose-C 14 
and also,  as  a possible  r e su l t  of this, an increase  in the incorporat ion of glucose-C 14 into the glycogen f r a c -  
tion under the influence of amy lo - l , 6 -g lucos idase .  

Calculated values of the quantity of glucose-C 14 util ized under the influence of insulin and glucose and 
the re la t ive  proport ion of the a s s imi la t ed  glucose metabol ized into glycogen under these conditions a re  
given in Table 2. The inc rease  in the re la t ive  proport ion of a s s imi la t ed  glucose incorpora ted  into glycogen 
takes place only under  the influence of specif ic  hormonal  control ,  but in the case  of subs t ra te  control ,  de s -  
pite marked  st imulat ion of the ass imi la t ion  of exogenous glucose by the t issue,  the re la t ive  propor t ion  of 
this glucose incorpora ted  into glycogen r ema ins  smal l  and vir tual ly  unchanged whatever  the glucose concen-  
t ra t ion used. 
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