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The Roles of Initial Level of Glycogen Content in Muscle and of Available
Substrate on Muscle Glycogen Repletion in Rats

Joo Chul Ihn, M.D,, Sae Dong Kim, M.D. and Dong Chul Lee, M.D.
Department of Orthopedic Surgery, College of Medicine, Yeungnam University, Daegu, Korea
Suck Kang Lee, M.D,, Young Man Lee, M.D. and Jong Youn Kim, M.D.

Department of Physiology, College of Medicine, Yeungnam University, Daegu, Korea

This study examined the roles of the initial level of muscle glycogen content and available substrate
on glycogen repletion in muscle.

The rats were randomly assigned to normal, starvation and exercise groups. The glycogen content
of muscle was lowered by starvation and exercise for the purpose of this experiment.

The normal rats remained sedentary in their cage without any restriction of food and water. The
exercise and starvation groups were divided each group into two subgroups depending on the degree
of stress, i.e. 16 and 64 hours starvation, and 30 minutes and 2 hours exercise loading. All experimen-
tal aninals sacrificed 9~10 O’clock in the morning.

The glycogen content of gastrocnemius and liver were 0.416+0.0433 and 1.70+0.410gm/100gm wet
tissue in normal rats, respectively.

The glycogen content of gastrocnemius in stravaton groups was reduced to 83.5 and 75.5% of the
values of normal groups by starvation for 16 and 64 hours, respectively. In exercise group, the content
of glycogen was reduced to 63.7 and 49.8% of the normal group by 30 minutes and 2 hours exercise
loading, respectively, After above exercise loading and forced starvation, glucose, 2.0gm/100gm body
weight was ingested, and 2 hours later the glycogen content was determined to evaluate the role of
initial level of muscle glycogen content on the repletion in gastrocnemius, and the different amount of
glucose, 1.0, 1.5 and 2.0mg/100gm body weight, was given orally, and 2 hours later the glycogen con-
tent of gastrocnemius was determined to evaluate the role of available substrate on the glycogen reple-
ted in muscle of the lowest initial glycogen content, and the larger the amount of glucose ingestion,
the larger amount of glycogen repletion in muscle.

The experiment demonstrates that the reducing level of muscle glycogen and increased amount of
available substrate are the important factors for the acceleration of muscle glycogen repletion, and in
the aspect of repletion of glycogen, the repletion rate of liver glycogen is 2~5 times faster than that
of muscle, whereas there is no difference of repletion rate of liver glycogen between starvation and
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exercise groups.
Key Words : Skeletal muscle, Glycogen, Rat.
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Table 1. Repletion of muscle(gastrocnemius) glycogen after glucose(2.0gm/100gm BW) ingestion in starving

rats
Glycogen® Percentile  Glycogen* content Net amount Repletion rate gm/gm
content value after glucose ingest repleted wet tissue/min. X10~*
Normal (8) 0.41610.0433 100.0
Starvation(6)  0.355%0.0386 85.3 0.601+0.0458 0.246 2.05
16hours
Starvation 0.31440.0160 75.5 0.588+ 0.0968 0.274 2.28
64hours

Units of *marked column are gm/100gm wet tissue; values are mean+tS.D; values in parenthesis are
number of subjects.

Table 2. Repletion of muscle(gastrocnemius) glycogen after glucose(2.0gm/100gm BW) ingestion in exerci-
se loaded rats

Glycogen®* Percentile  Glycogen® content Net amount Repletion rate gm/gm

content value after glucose ingest repleted wet tissue/min. X 107*
Normal (8) 0.41610.0433 100.0
Exercise (6) 0.265%0.0288 63.7 0.595+ 0.0248 0.330 2.75
0.5hour
Exercise (6) 0.207+0.0331 49.8 0.697+ 0.0407 0.490 4.08
2.0hours

Units of *marked column are gm/100gm wet tissue; values are means+S.D; values in parenthesis are
number of subjects.

Table 3. Effect of initial level of muscle glycogen depleted by exercise and starvation on glycogen reple-
tion after glucose ingestion(2.0gm/100gm BW) in rats

Initial level of muscle Net amount repleted Percentile increase n

glycogen(%) gm/100gm wet tissue compare with control value
100.0(0.416) 8
85.3 0.246 144.5 6
75.5 0.274 141.3 6
63.7 0.330 143.0 6
49.8 0.490 167.3 6

Value in parenthesis is average glycogen content in normal rats; all values were calculated from
average values of each group.

Table 4. Repletion of liver glycogen after glucose ingestion(2.0gm/100gm BW) in starving and exercise
loaded rats

Glycogen® content  CVeo8eR” comient e o 185
Normal 1.70+0.410
Starvation 16hour 0.131+0.002 1.30+0.241 9.75
64 hour 0.16+0.018 1.4230.236 10.50
Exercise 0.5hour 0.11£0.017 1.27+£0.187 9.67
2.0hour 0.13+0.003 1.2840.134 9.58

Units and values of *marked columns are gm/100gm wet tissue and means+ S.D., respectively.

ma QA Fol4 vl B2 glycogen§ L 164 2 75.5%% zt4Fgeh. okFe BF ] AlF 100
ZF 4 64417 BA A 2+t 0.3554+0.0386 % 0.314 gmt} 2.0gm2] glucose & Foigt 247+F zZHF 9
+0.0160 ¢ 24 HAF2] A wsiA 77 85.3 u) B glycogen g2k 0.6011+0.0548 I 0.588+
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Table 5. Effect of the different amount of glucose intgestion on glycogen repletion in glycogen depleted
muscle, and blood glucose and plasma free fatty acid(FFA) concentrations in rats

Glucose, ingested gm/100gm BW .
0 1.0 1.5 2.0
Normal, 100.0(0.416g/100gm wet tissue)
glycogen, % 112.6
glucose, mg%/(range) 112.6(80—142)
FFA, uEq/1+S.D. 323+ 102.6
Starvation, 16h
glycogen, % 85.3 108.9 140. 144.5
glucose, mg%(range) 106.5(80—123)  144.6(104—179) 165.7(130—184) 170.7(158—191)
FFA, uEq/11:S.D. 7024 79.5 4161+ 75.8 303+ 115.4 2244-47.7
Exercise, 2h
glycogen, % 49.8 140.9 130.3 167.5
glucose, mg%(range) 78.2(46—131) 152.0(95—-223)  166.3(144—208)  188.5(164—206)
FFA, uEq/1+S.D. 1,189420.4 696+ 40.7 518+ 67.7 3441+ 39.5
All of the values was produced from 6~8 subjects.
o .
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Fig. 1. The initial level of muscle glycogen and %
repleted amount of muscle glycogen after glucose .
ingestion in starvation and exercise group of rats. 0§ 150t
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Fig. 2. The simultaneous observation of level
of muscle glycogen content. blood glucose and pl-
ama free fatty acid after different amount of glu-
cose ingestion in 2 houre exercise loaded rats.
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