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= Abstract=

Glycogen Metabolism and Glucose Uptake Rate of the Skeletal Muscle after
Hind-limb Immobilization in Rats,

Joo Chul Thn, M.D., Jong Chul Ahn, M.D., Myun Whan Ahn M.D., Chun Bae Jeon, M.D.,
Suck Kang Lee*, M.D., Jong Yeon Kim*, M.D., Yong Woo Kim*, M.D.
and Hee Young Chung**, M.D,

Department of Orthopedic Surgery, School of Medicine, Yeungnam Uviversity
*Departmet of Physiology, School of Medicine, Yeougnam University
**Deaprtemt of Orthopedic Surgery, Huundai Haesung Hospital Ulsan University

The effects of hind-limb immobilization by skeletal fixation of bilateral ankle and knee joints. for
sither one or five weeks on glycogen concentrations, glycogen resynthetic activities and insulin
responses to glucose uptake of hind-limb muscles were studied on male Splague-Dawley rats.

There were significant drops in muscle wet weight to body weight ratio of immobilized soleus
and plataris. In the group immobilized for one week, the ratios of sleous and plantaris were de-
creased by 11% and 38% respectively; and in the group immobilized for five weeks, the ratios were
decreased by 42% in both muscles equally.

The glycogen concentration and glycogen resynthetic activities of soleus and plantaris muscles in
immobilized rats were decreased significantly in the one week group. However, in the five week
group, these values were increased significantly compared to the values of those muscles of the one
week group. The increased values of the five week group did not exceed those of the control group.

The glucose uptake rate of the soleus muscle of the hind-limbs immobilized for one week and for
five weeks were studied in vitro. The basal glucose uptake rate of the muscle of the control group
was 8.4+0.77 Mol/gm/20min. The values of basal rate and insulin responses to the glucose uptake
rates in the doses of physiological and supramaximal on the soleus muscles immobilized for one
week was significantly decreased, but after immobilization for five weeks, these values were not
sig-nificantly different statistically those from of the control group statistically.

Key Words: Immobilization, Muscle, Experiment, Glycogen, Metabolism.
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Ha Ak a2y 529 AE-43%H g
$L f= W) wEA gzt Rolrt 1A
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2 A4 AHE3 AHEFEZ+ Sprague-
Dawley & #37 F3olen, 52 300gm
Wedch dA A4FEES d2ITH BH0A
o2 Urded, ¥ AT 94 1FZ
I 5FFo g A

Hd 1AL 4ZF IAE FAA 1AHINI e
o, UYL JYYd A Algse F7F 0.
035inch #7]9] K-ZFHezx & ARE A
=9 AE g nAs, WEE dJuny
AE 4ds FE29 HRE S84 ZHE A
Ydated, TATFoRA Ad YBAAE FAI
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A& AFate] oF 24417 A A A B AFP
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23 HHFE A E B3l

= glycogene] AHFE M APYEFEEL
thiopenthal sodium (40mg/kg, ip) &2 wu}3 A
Aoew, B dsHE A 4y A7 £
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AE A3 FHZ3t Mettler PC 220 & 9] top
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2 #3lo Lo 59 Wy o2 glycogens HF
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Eoslm 2417 Fol oAl T2 WHoR
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H soleus & A 2 UFEE FA S FHol
XA B oaAela 1293 two leg pin & Al&3tY



Az2 24284 23§ F soleus 2 HAAE
2239t Twolegpin o2 TAHE soleu 2
ol E shitel THE twoleg ping B WO
2 s 4P WELS Agad, e
W 24 A28 FAsd 43 SRz REH
2709 soleus T FEE FHAs ujFd
A5+ fg7x LasE A o 18U

AEe ARl T AA%F 24 AA Krebs-
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100ml) & 7}sld A= 7.49 wigd g WESN
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AE AsA HFsdoh. HFo] €Y X
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Iml & 7bate] 7bE Ego FHEAM 244 W
MA@k BAs 2R Aot 24N PA @
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(Rackbet, LKB) 2 Als & & &4 &%
ol & Hz el A4k Okitag'™o] A1&%
double isotope § . & 3} t}.

&de ¥ BHIHAME wiFded A
&9 (Nordick, Denmark) € #7l¥lod, wlY
o mig 423 Fo fFEHE 2000 U 23
ol &9 20,000u U2F o &2 3kl
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2 od 1A 13 5F o 4] soleus &
7} plantaris29 AFHEE ZFA-AFY
vl 2 #7354 th. Soleus29 WhEie 23|
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% R 42%FTA7 #AEQ FAHLE {9
dgen, 1 AAEE uEd . Plantaris
9 RFAA  9.61+0.936(x107Y) o2 A
soleusBt} FA7} o 3v] o] FAY o, ¥
IA 1% Q@ 53 FoA z+z 599+0.449 L
556+0.11824 A 135 Q4 FA7 <F 38%
U 2o 9% Z4E B udE, 53 9
ZAE 1329 FAC visA @A 4% B
#aste 13 Fo| 2R vmstd FAHY
frold & g} H(Table 1).

TR FA A& glycogenF Lo Bl
A=, soleusZoll A &) 0.17+0.052 (mgm
/10mgm wet tissue, ©] 3} @) d His|
A 1% R 532Fd4 zZ4 0.13+0.054 2 0.
25+0.0700.24 13 FoAXE Zisdte B¥
S Bl WA 5F T 238 dERTEY
=9t} Plantaris 2o A% @4 1A 7|4 o
2 glycogen ¥+ soleus 29 A &3

=

Table 1. Effect of hindlimb immobilization on
muscle weight to body weight 1ratio in rats.

Immobilization

Control 0 E wooks

Soleus 3.94+ 3.49*+  2.28**

wet wt/ 0.474 0.379 +0.650
BWx10~* (12) (9) (14)
% changes 100.0 88.6 57.9
Plantaris 9.61+ 5.99+ 5.56 +
wet wt/ 0.936 0.449 0.118
BwWx10~* (12) 9 (14)
% changes 100.0 62.3 57.9

Values are means=+SD; Values in paren-the-
ses arenumber of cases; *P<0.01 *P<0.0001
vs control; **P<0.0 vs 1 week.

Table 2. Glycogen concentration of the soleus
and plantaris muscles after 1 and 5 weeks
hindlimb immobilization in rats

mg/100mg wet tissue

Immobilization

Control

1 5 weeks
Soleus 0.17 + 0.13+ 0.25+
0.052 0.054 0.070*, &
(6) (9) (6)
Plantaris 044+ 0.13+ 0.33+
0.054@ 0.071**  0.144* #
(6) (9) (6)

Values are means+SD; Values in paren-the-
ses are number of cases; *P <0.05, **P <0.0001
vs control; #P<0.005 vs 1 week; @P <0.0001
vs soleus.



Table 3. Glycogen concentration of the soleus and plantaris muscle after glucose ingestion (0.2g/100g

BW) in hindlimb immobilized rats

mg/100mg wet tissue

Soleus Plantaris
Fasting After glucose ingestion Fating After glucose ingestion

Control 0.17£0.052(6) 0.068+0.117*(6) 0.44+0.053( 7) 0.66 +0.107*( 6)

% change 100 381 100 150
1 Week 0.13+0.054(9) 0.23 +£0.115**(7) 0.13+0.071# #(10) 0.018+0.089( 8)

% change 100 125 100 138
5 Week 0.25+0.070# (6) 0.58 +0.144*(8) 0.34+0.135#(10) 0.55 +0.178*(10)

% change 100 231 100 163

Values are means+SD; Values in parentheses are number of cases; *P<0.0001, **P<0.05 vs

sedentry; # P<0.0001 vs control.

Table 4. In vitro glucose uptake of soleus mus-
cle in 1 and 5 weeks immobilizaing rats

uMol/gm/20min
Basal rate Insulin
200 20000uU/ml
Control 8.4+ 105+ 114+
0.77 0.87# 1314 #
(6) (8) (7
Immobilized
1 week 6.1+ 6.6+ 7.3+
0.67* 0.52* 0.83*%, #
(5) (5) (5)
5 weeks 8.1+ 9.8+ 11.0+
1.07 1.734# 1.774# #
(6) (6) (6)

Values are means +SD; values in parentheses
are number of cases; *P<0.001 vs control; #P
<0.05, # #P<0.001 vs basal rate.

UNE B ETAA 0.44+0.05420H ¥
A 153 2 55 oA Ztzl 0.13+£0.071 ¥
0.33+0.1440 24 tzFrRY Fo3tA =%k
ow, 5379 gL 1F F9 azEYd %
th. M2 2 &£ZdA o] 5F o] 1F F
B 2 gez Ygie AL e 2
I E A8 ®c}(Table 2).

73T glucose F£F glycogen 22 A FA 5
v #e 23T doe dRF9 soleus 2o A
E 4% 0.17+£0.0529 4 7AF glucose T
Fo) 0.68+0.1172 <o 4uj8 FUlslH o,
3 Y 1FFNMH= F 1749, 5FFAME
29 Hx Fvhsle #H AT glycogen A
%o Uz 2R vt AA AH3Hd
A< vely At plantaris 2o e 2T
A FAF 0.439+0.0539 4 A+ glucose ¥
o ¥ 0.66+0.107 2 Z7tslgont, A 1329

uMOL/
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gm/20min

101

1 ‘/‘/O‘——O Control
A—a 1 week jrmopil,

@—® 5 weeks

Glucose uptake(Soleus M:)

20,000 2U/ml

Insulin Concentration

) Fig. 1, Decreased glucose uptake rate of
immobilized soleus muscle in rats.
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Me glucose T EA Foz FAZFHSE 9
3l Z718 BolA gdod, ASFE FMe F
7hel Axr) dzxde] 2RB dekAg
3 F718 2 thH(Table 3).

Plantaris Bt} ¢1&de 3t A9 er}
soleus g WAoo 2 st Alg @A F 43
Fo 2% Au, NRTAA 712 F HHP
(basal glucose uptake rate) & 8.41+0.77u mol/
gm/20min (o] 3} FLd2HY) ol Feow, oA
2 g AFAEY S v £ FgolAr}
(Table 4, 5).
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8724 71z AHF vsA FosA FI
g e, Y FE & Fd= 2000u UdA
11413124 A8 Fxo Frise W
€ BYY. #ERY 15004 72 FHAF

6.1+0.6724 dZFo] A uHsH* §

A
-
[e]
<
K=}
LY T



A Fton, A&d HNFAHE ARE
9 3R gt gHIY 537 FME
glycogen = =1} glycogen A Aol 13 Fo
A % & AL B & Ao, 537
9o 3 HdIFx 81+1.072A oz IA
T FAHA olE HAY 5 UoH, A&
el gt vkgo F=x 200 Y 2000u UF )
A ool F713le iz Fe ARET Alold)
BoE Aol il

o @

B d7dMe #2 1AWHEOE /=@ 4
% A2 glycogen A FF 2 AP FE
Z1sl9 e, 9229 glycogenthAl7E G A
¥ gdsn 2 Wste] i JAde IS
2257 g8 AEE A¥E T 2 AX
9 3 HIAsH A& W FFIE
T3t ot

A2 #E 2H 9@ A% A=
7} 27)dle £29 plantaris 9 9130l A
29 soleusZRTH FAFHoH, A 5FX
E A9FAET & 2o #Zokoh

o] Ax tt& AFAENHD AT A
vjestgon, AN 548 S A7 2
Tots AF7he Aolzl ATk A o B
d 2R ZE Foje dFd ddAe A
HQl %9 487 teskAR #Ed A
t 3R &F°l ¢d3d EBriesimag &9
A e Ry Aozt Jon, o2d¥ &
89 whgo] & Aoz AgdET.

TAZ AR BA w7 diAbd 3o
7} AkE AL BL AFALI0BW 4 9
M FEEHI Jdeod, Jedd HE HEx
Aol7b Agol FHHT AP 173 A
SEAT oA £2 L AHZ9 glycogen
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g3 1A 13 FoA glycogen F=1 gly-
cogen A §A Fo] tEF9 IAERT A3
ZAAdgen, olAL 72 B HdHFo Uz
79 IRAEY {osiA LRl o YWele
AE7L ofdrl AlREHT, FAF HHZo
200u Ug] JA&d Hrldl M= 712 433
Y FF MEL Jde A ZAE EHY
Q14 receptor o] 7]Fo] W3s} Ao] ofyd
7} Al gt ol Ak d&Pd 9
AN @R F7te] F7l AL Holxn A&
A& T AXY g2A9 71% Z postreceptor
eventel & ¥ Fo] & AN glycogen =9 7
A 9 glycogen A g 7ol AAEHE Hol of
Uyl #Agc 53% #d AL T LA
Z 929 AxE 1F FE Zd HEHA
glycogen @] B = glycogen A A 52 23]
B Folzlon, & AT Ao = A=E9
3 AFAFot A& N ¥Hgo] Y=
A ¥ oyl e AL oAd4dute #AZo
24 Hddgo] oj¥d &Ad O @3 1A
z7)d €5 A FEALHI SAN 2 FFRA
o] ¥{e F2% #H4E xdstn 19 gL
AeA H3g of7|dAHZ glycogen thALS]
Alg L 2T A 5F0e vay A7
el AL EF 1 A9 7FHA A
$o] glycogen thAle] 3Bg &AE €<l
oldrst #FH7IE 3 E AF dATeR
@Ay @ ey, = 3 FHs7] AR
Ae 5%7te] WE 23 Z2Hdd 1Yol AE
A 2 B #d PR & &
o 457 3B Ao gdeos FHELH A
o] oldy} AzZtE. &y 5F FolAM HF
o g 2 FAY vz 1F 2o 2RARYG B
o] A% Aor Hel ESH nAToE 4
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