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The Changes of Electrolytes Composition in Skeletal Muscles
by Food Restriction and Rehabilitation

Lee, Jae-Hoon, Kim, Sook-He

Department of Food & Nutrition, Ewha Womans University
=ABSTRACT=

Fiftysix male weanling rats of the Sprague-Dawley strain weighing 52, 6+0.9g were fed with
77% starch-15% casein diet by ad libitum for four days to get them adapted and divided into
eight groups. For three weeks, the body weight gain of rats was controlled -in three different
ranges. After the period of food restriction, the rats were recovered by being fed by ad libitum
for seventeen days. .

During the experimental period, the amount of food intake and body weight were measured.
And the experimental groups were compared when they reached at the same age and at the same
body weight.

Anterior Tibialis, Extensor Digitorum Longus, Soleus, Plantaris, Gastrocnemius were used as
analytic items of skeletal muscle. Wet weight of muscle, muscle protein, water content were
measured from each of five skeletal muscles. Sodium, potassium, magnesium content were mea-
sured from Anterior Tibialis, Extensor Digitorum Longus, Soleus and Plantaris. Phosphorus was
measured only from Gastrocnemius. The whole carcass protein except the skeletal -muscles was
also measured.

During the period of food restriction, food intake was 311,7+19.5g for the control group,
130. 2+ 1. 5¢ for the second group and 161.7-+2.1g for the third group. During the period of food
restriction, body weight gain was 106. 8+12.7g for the control group, 3,6+2, 1g for the second
group and 18,973, 3g for the third group. Comparing the body weight when they reached at the
age 66 days, the control group showed higher value than the other groups.
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In the concentration of electrolytes of skeletal muscles sodium and magnesium tend to increase
and potassium and phosphorus tend to decrease by food restriction. But after their recovery,
there was no significant difference between the groups. By the degree of food restriction, there
was time difference in reaching at the same body weight. But when they reached at the same
body weight, there was no significant difference in the value of electrolytes concentration.

Regarding all the results of this study, the ages of rats which reached the same body weight
were different by food restriction level during weanling. Once food-restricted rats reached the

same body weight by recovery, the concentration of electrolytes and protein tend to become al-
most the same.
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Table 1. Classification of Experimental Groups

Adaption Period (4 days) Weight Control Period (3wks) Recovery Period (17 days)

*Control—49 days— A  ad lib. feeding of 77%  ad lib. feeding of same diet —
starch +15% casein diet

Control—6edays 7

" ad lib. feeding of same diet
till 66 days old

Wt. Increase 30% — " Purposely Restriction of —
49days—B amount of same diet
Wt. Increase 30% — " " ad lib. feeding of same diet:
61days— A till 61 days old
Wt. Increase 30% — " /” ad lib. feeding of same diet:
66days till 66 days old
Wt. Increase 0% — " " —
49days
Wt. Increase 0% — " 7 ad lib. feeding of same diet
54days—B till 54days old
Wt. Increase 0% — " 7 ad lib. feeding of same diet
66days— A till 66 days old

* Weight Increase 30% : The groups restricted body wt. to 30% by diet amount restriction.
Weight Increase 0% : 1" " 7] "o 0% 7
49 days, 54 days, 61 days, 66 days. : The age of animals killed.

A : Body Wt. 174, 53~176.57g at the day of being killed.
B : Boedy wt. 81.66~84. 48¢g at the day of being killed.
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Table 2. Composition of Experimental diet
/kg diet

77% starch\ diet
15/: casem/

Corn-starch 7708
Casein 150g
Cotton seed oil 40g .
@ Salt Mixture 40g
® Vitamin A.D. Mixture 1ml
® Fat Soluble Vitaming 1ml
@ Water Soluble Vitamins 2. 86g
® Vitamin B, 1ml
Sum 1kg

@ g/kg salt mixture: CaCO; 300; K,HPO, 322.5;
Mg S0,+7H,0 102; Ca (H,PO,),-2H,0 75; Nacl
167.5; FeC.H;0,-6H,0 27.5; KI 0.8; ZnClL
0.25; CuS0,-5H,0 ¢0.3; Mn SO,-H,0 5

® mg/ml corn oil: Vitamin A 0. 1; Vitamin D 0, 01

® g/200ml corn oil: Vitamin E 5; Menadion (Vit-
aminK) 0,2

@ mg/kg diet: Choline Chloride 2,000; Thiamin
hydrochloride 10; Riboflavin 20; Nicotinic acid
120; Pyrdoxine 10; Calcium Pantothenate 100;
Biotin 0. 05; Folic acid 4; Inositol 500; Para-
amino benzoic acid

® Vitamin B,, 5mg/500ml &%
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Table 3. Food Intake

w\ Adaptation Weight Control Period
Age
1st wks. ond wks. 3rd wks. 4th wks.
groups | 24~28 29~35 36~42 43~49
Control—49 days— A 35,142, 4*NS 88,94, 7a** 119.7+7.2a 107. 26, 7ab
Control—66 days 37.5+2.1 82.2+4.9ab 11.56%7. 8ab 109.5+7.7a
Wt. Increase 30%-49days-B 31.4+2.8 56.6+1.7 ¢ 64.5+0.4 ¢ 41.3+0.2 ¢
Wt. Increase 30%-61days-A 36.2%3.5 54.4+2.1 ¢ 64.2+0.6 ¢ 41,3%0.1 ¢
Wt. Increase 3% —66days 36.9+3.1 57.610.4 ¢ 64.0+0.6 ¢ 41.4+0.2 ¢
Wt. Increase 0% —49days 36.9+2.1 43.6+1.3 ¢ 51.8+0.3 ¢ 34.4%0.2 ¢
Wt. Inerease 0%-54 days-B  84.0+1.9 44.6+0.9 ¢ 50.2+1.0 ¢ 34.4+0.2 ¢
Wt. Inercase 0%-66 days-A  37.1+2.8 45.0+0.3 ¢ 51.1+0.3 ¢ 34.5+0.1 ¢
Period Recovery Period
A
(dg:ys) 5th wks. 6th wks. 7th wks.
groups 50~54 55~56 57~61 62~63 64~64

Control—49 days—A
Control—66 days

Wt.
Wt.
Wt.
Wt.
Wt.
Wt.

Increase 30%-49 days-B
Increase 30%-61 days-A
Increase 30%-66 days
—49 days
Increase 0%-54 days-B
Increase 0%-66 days-A

Increase 0%

115,246, 4a -39.8%2. IN.S.

81.7+4.8b 31.0%2.3 82.6+8.1

82.9%5.1b 33.3%2.1b 79.9+8.3 35.4+3.1
56.0%3.4b

57.61+1.8b 31.4+0.7 74.243.1 33.61-1.3

97.844,0 N.S. 41,231, 7N.S. 62.1£3.3N.S,

55.61+3.6

52.4%2.5

* Mean + S.E.M.

** Means not followed by same symbol are significantly

different (P<0.05) by Scheffe’s test
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Tahle 4. Body Weight Increase

\\\bw- Adaptation Weight Control Period
’ ﬁigairs) : 1st. wks. 2nd wks. srd wks. 4th wks.
groups 24~28 29~35 36~42 43~49
Control—49 days—A 14.13+1.08*N.S 28.67+3.88ab**  45.8613.45a 33,66+ 3, 28ab
Control—66 days 14.10+1.22 29,90+5, 06a 39,40+3.59ab  36.08%5.88a
Wt. Increase 30%-49 days-B 9.79+3.14 8.87+2, 92abc 12.56+3.72 ¢ —4.16+2.01 ¢
Wt. Increase 30%-61 days-A 12.33+1.68 7.74+2, 89abe 16.82+1,50 ¢ —5.75+0.84 ¢
Wt. Increase 30%—66 days 10.76+2.27 10. 48+ 2, 90abc 15.02%+2.06 ¢ —4.58%3.18 ¢
Wt. Increase 0% —49 days  13.54+1.84 —-1.81+2.23 ¢ 7.832+1.61 ¢ —2.9210.98 ¢
Wt. Increase (%-54 days-B 12.20+1.37 —1.53+2.40 ¢ 8.82+1.61 ¢ —0.78+0,52 ¢
Wt. Increase 0%-66 days-A 12.89+1.25 —2.21F+1.74 ¢ 7.87+1.83 ¢ —2.03+1.18 ¢
Period Recovery Period

A

(days) 5th wks. 6th wks. 7th wks
Groups 50~54 55~56 57~61 62~63 64~66

Control—49 days—A

Control—66days- 40,28+2, 13abc 9,061, 45N.S

Wt. Increase 30%—
49days—B

Wt. Increase 30% — 45,65+3. 332 10.9313.32 34,781+3.72

6ldays— A

Wt. Increase 30%— 43.90+4.80ab 14,28+0.76 31.3416.15

66days

Wt. Increase 0% —
49days

Wt. Increase 0% — 16.12+2,57
54days—B

Wt. Increase 0% — 18.10+1.10 21.87+3.73  87.50+5.31

todays—A

14.06+2.75

14.031+1,52

26,34+4.18N.S 12.68%2 8IN.S 11,02%6.9IN.S

14.72+1.41

15,303 2. 34

* Mean+S.E.M.

** Mean not followed by same symbol are s1gn1f1cant1y different (P<0, 05) by scheffe’s test
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Table 5. Water concentration of each muscle at the same age (%)

muscle Age level of body wt. restriction before recovery
days) P o - ——
(day no restricttion 30% increase 0% increase
A.T. 49 77.45+2,11* N.S 78,59+1.89 80.14+0.71
66 77.76+1,84 75.98+1.56 75.3210.74
E.D.L. 49 72.711+8.18 N.S 89.89%£17.78 74.77+3.96
66 77.77+1.53 72.28+2.13 75.89%2,37
Sol. 49 54,08+13.14 N.S 66, 19+8. 06 77.89+3.09
66 76.00%0. 37 70.87+2.61 75.17+4.59
Pla. 49 74.46+3.75 N.S 78.8511.82 76.20+2.73
66 75.701+0. 44 74.83+1.20 74,7912, 47
Gas 49 77.75+0.50 N.S 77.3020.48 76.9130. 39
66 77.25+1.42 74.71+2,23 75.12+1,04
* Mean-+S.E.M.

Table 6, Protein content of each muscle at the

same age (g protein/g organ powder)

level of body wt. restriction

Muscle ./(ngaey s) before recovery
no restriction 30% 0%

Increase Increase

A.T. 49 0. 859* 0.718 0.784
66 0. 847 0. 697 0.708

E.D.L. 49 0.770 0.925 0.926
66 0.781 0. 810 0.706

Sol. 49 0.737 0.707 0. 699
66 0.813 0.831 0. 850

Pla. 49 0.711 0.709 0. 668
66 0. 841 0. 819 0,794

Gas. 49 0.834 0.787 0.761
66 0. 906 0.814 0.780

* Protein content of each muscle was analyzed by
pooled sample.
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Table 7, Water concentration and protein content of each muscle at the same body wt.

level of body wt.

Muscle restriction before Age body wt. water concentration g potein/
recovery (days) ® (%) g organ powder
A.T. 30% Increase 49 81. 66 78.59+1. 89*N.S. 0.718
0% Incresae 54 84. 48 67.581+10.88 0.784
no restriction 49 174,74 72.45+2.11 0. 859
30% Increase 61 176.57 75.7210. 47 0. 800
0% Increase 66 174.53 75.82+0.74 0.708
E.D.L. 30% Increase 49 81. 66 89,89+17.78 N.S 0.775
0% Increase 54 84,48 81.61%5.78 0.719
no restriction 49 174.74 72.71%8.18 0.781
30% Increase 61 176. 57 70.68+2,39 0. 810
0% Increase 66 174.53 75.98+2,37 0.926
Soleus 30% Increase 49 81.66 66.19+8.06 N.S 0. 707
0% Increase 54 84. 48 78.02+7.13 0. 689
no restriction 49 174.74 54,03+13.14 7.737
30% Increase 61 176. 57 66.44+3. 06 0.910
0% Increase 66 174. 33 75.17+4.59 0. 850
Plantaris 30% Increase 49 81. 66 78.85+1.82 N.S 0.709
0% Increase 54 84,48 79.56+3.07 0.738
no restriction 49 174.74 74.46%3.75 0.711
30% Increase 61 176. 57 74.62%0.95 0. 670
0% Increase 66 174.353 74.7912. 47 0.794
Gastrocnimius  30% Increase 49 81.66 77.30+0. 48 N.S. 0.787
0% Increase 54 84.48 77.281+0.51 0. 662
no restriction 49 174,74 77.751+0.50 0. 834
30% Increase 61 176. 57 76.90+0. 15 0.814
0% Increase 66 174.33 75.12+1. 04 ©0.780

* Mean+S.E.M.
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Table 8. Na concentration of each muscle at the same age (ppm)

level of body wt. restriction before recovery

Muscle Age (days) no restriction 30% lIncrease 0% Increase
A.T. 49 178.4+11.1* N.S. 203.0146. 4 231.0£26.7
66 114.0+7.2 158.0%10.5 173.4+17.5
E.D.L. 49 210.7+31.2 N.S. 248.7119.7 187.01+34.9
66 241.6+21.6 268.3*17.1 285.0+29.1
Sol. 49 211.6+28.4 N.S. 267.4110.2 355.91+62. 4
66 252.8+22.3 521.1+170.1 233.7+£39.3
Pla. 49 202.2+15.4 N.S. 338.5+60.5 209.6+3.88
66 177.6%9. 2 251,7+25.3 186, 81+26.9
* Mean+S.E.M.

Table 9, X concentration of each muscle at the same age (ppm)

level of body wt. rectriction before recovery

Muscle Age (days) no restriction "~ 30% Increase 0% increase
A.T. 49 147. 2+ 23, 0*abcdef** 61.7+12.3 f 149. 9+ 22. 4 abcdef
66 252,1+11.0 a 217.6+36.5 abed 213.3+26. 2 abcde
E.D.L. 49 161.4+25.8 N.S. 141, 4+58.2 219,5+38.2
66 245.2+28. 6 205.7+28.8 269.6+28.7
Soleus 49 188.0+36.6 N,S. 272.97+80.2 249,.6150.8
66 232.7%15.3 270.4%63.0 206,94+24.0
Plantarig 49 203.8+20.8 N.S. 139, 8+38.2 214.6+7.9
66 289.6+13.6 244,7+21.5 245,224, 7
* Mean+S.E.M.

** Among six groups of same kind of muscle, mean not followed by same symbol are significantly dif-
ferent (P<0.05) by Scheffe’s test.
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Table 10. Mg concentration of each muscle at the same age (ppm)

level of body wt. restriction before recovery

Muscle Age (days) no restriction 30% Increase 0% Increase
A.T. 49 25.3F1.7*% c** 31.1x4.4 ¢ 28.7+5.5 ¢
66 43.0+2.2 abc 41.0+1.7 abc 57.6+2.3 ab
E.D.L. 49 35.5+4.3 b 50.9+3.4 ab 196.1+£72.1 a
66 55.4+5.1 ab 50.8+4.4 ab 76.1+6.5 ab
Soleus 49 56.6+11.7 N.S. 115.1+37.6 78.71+20.4
66 59.6+2.7 78.5+15.3 64.715.7
Plantaris 49 49.3+4.1 N.S. 33.146.1 44.3+9.8
66 53.3+2.3 55.41+0.4 65.2+9.5
* Mean+S.E.M.

** Among six groups of same kind of muscle, mean not followed by same symbol are significantly
different (P <0.05) by Scheffe’s Test.

Table 11, Electrolytes concentration of each muscle at the same body wt.

(ppm)
level of body wt. Electrolytes
Muscle restriction before ﬁl%.e s) 1()0;1}’ wt. Na K Mg
recovery th £
A.T. 30% Inerease 49 81. 66 203.0+46.4 *N.S. 61.7+12, 3 f** 3l.1+4. 4 ¢
0% Increase 54 84, 48 204.1£17.1 226.8+36,8 abc  62.216.5 a
no restriction 49 174.74 178.4+11.1 147. 2+ 25.3+1.7
23.0 abcdef
30% Increase 61 176.57 136.7%12.0 251.0+13.8 a 30.0+1.6
0% Increase 66 174,53 173.4+17.5 213.3+26.2 abcde 57.6+2.3
E.D.L. 30% Increase 49 81.66 248.7%+19.7 N.S. 141,4+58.2 N.S. 50,9+3. 4N.S.
% Increase 54 84.48 318.81+19.7 238.5+45. 6 75.5+9.3
no restriction 49 174.74  210,7%31.2 161.4125.8 35.5+4.3
30% Increase 61 176.57 215.6+13.0 176.4+15.5 46.2%+6.9
0% Increase 66 174.53 285.0%29.1 269.6+28.7 76.1%x6.5
Soleus 30% Increase 49 81.66 267.4%+10.2 N.S. 272.9+80.2 N.S. 115.1+ NS
37.6 N.>.
0% Increase 54 84.48 567.41+98.0 441.41+146. 8 137.4+29.9
no restriction 49 174.74 211.6%28.4 188.0%36.6 56.6x11.7
30% Increase 61 176.57 235.6%34.4 239.1+24.1 72.1%7.2
0% Increase 66 174.53 233.7%39.3 206.9+24.0 64.7+5.7
Plantaris 30% Increase 49 81.66 338.5+60.5 -N.S. 139.8+38.2 N.S. 33.1+6.1N.S.
0% Increase 54 84.48 265.21+22.6 242.71+46.6 79.61+10.6
no restriction 49 174.74 202.2*15.4 203.8+20. 8 49.3+4.1
30% Increase 61 176.57 251.7+25.3 291.9:+27.3 62.1£7.2
0% Increase 66 174.53 186.8%26.9 245,2+24.7 65.2+9.5
* Mean+S.E.M.
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‘Table 12— I Phosphorus concentration of Gastroc-

nemius at the same age

(ppm)

Electrolyte Age

(days) ~no

level of body wt. restriction
before recovery

30% 0%

restriction Increase Increase

P 49  20.3+1,2*N.S. 16.0+1.2 17.5
+1.6
66 18.8+0.6 20.8%+1.2 20.9
+0.8
* Mean+S.E.M.

Table—1 Phosphorus concentration of Gastrocemius

at the same body wt.

(ppm)
level of body. wt.
Testriction before élie s bo%y) wt. P
TECOvery ¥ g
30% Increase 49 81.66 16.0+1.2 N.S.
0% Increase 54 84,48 20.6+2.3
no restriction 49  174.74 20.3*1.2
30% Increase 61 176.57 206. 0.8
0% Increase 66 174.53 20.9-+0.8

* Mean+S.E.M
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