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Comparison of Hypertrophic Effects of Low-Intensity Exercise on Rat Hindlimb Muscles
between Every Other Day Exercise and Everyday Exercise
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Purpose: The purpose of this study was to compare the hypertrophic effects of low-intensity exercise on weight, myofibrillar protein
content and Type |, Il fiber cross-sectional area of hindlimb muscles of rats between every other day exercise and every day exercise.
Methods: Adult male Sprague-Dawley rats were assigned to 1 of 3 groups: control group (C, n=6), experimental group 1 (E1,n=7)
and experimental group 2 (E2, n=7). Rats in E1 group had 7 sessions (every other day) and those in E2 group had 14 sessions (every
day) of exercise in which they ran on a treadmill for 30 min/day at 10 m/min. Results: Muscle weight, cross-sectional area of type | fi-
ber and myofibrillar protein content of soleus and myofibrillar protein content of plantaris in E1 group, and myofibrillar protein con-
tent of soleus and cross-sectional area of type | fiber of plantaris in E2 group were greater than those in C group. Cross-sectional area of
type I fiber of soleus of E1 group was higher than E2 group while cross-sectional area of type | fiber of plantaris of E2 group was higher
than E1 group. Conclusion: Hypertrophy of hindlimb muscles occurs from every other day exercise similar to every day exercise.

Key Words: Exercise; Muscular weight; Muscle fiber cross-sectional area; Myofibrillar protein
IZFQ0 28, 25, 2HF YTHA, 2HYR HH

Nz 1] WAlell 18 15:2) 4714 2] ek 1270 7
PRI 24 271} ZolEA ik ot 2914 ¢ 22
1. g@el e Type I A2 /0% 8141 35 Lol LrEbdth(Choe, 1998).
0 B RO R A A A AR Y 59 284 T G 2 A e 25
UlgLE, A5 U O] Fhesl] BAHOE A9kR0]  §o| WF 2SR Typel 241%0] Hol -8 vEaErlo}
2k Fsofl ofet ZFo = o] mfd oF 5%M AshEIL A0 Tt BAS ASIAA L5 AleksEE A ARG
284 gl Az LE o] 7k 7} SukE oh(Kasper, 2003). E31 2HE%] (Jakobsson, Borg, Edstrom, & Grimby, 1988).
P g
ShAFEIZ} S 24 0) Tk A vk el] Alatstel 2 welel Qele Be] 39 HEAleks Wklsin, o] k2
Z91ze] W SfRIAo] Ak 3 4 9lck et olelet 29I S
Corresponding author:
Gyeong Ju An, Assistant Professor, Department of Nursing, Cheongju University, A GAB| O M = AHou; B2 v 2, 58 et 78 ZAoL
586 Daeseong-ro, Sangdang-gu, Cheongju 360-764, Korea - . - -
Tel: +82-43-229-8992 Fax:+82-43-229-7988 E-mail: antheresa@cju.ac.kr Slo] oJaf} F-5-o] Aotz 7ol e A 715/ = THChoe,
£10: 201119 29 199 AIARIZ(Q: 20119 294 219) ARHEPEY: 2011 39 202 1995).



2 d 5
T S B P
o]thH(Kasper, 2003). &% A Auke 19 thild L St
oA 27} A o 24 el (hypertrophy) 7k
fort et al, 2002) SLu]elek 28 A E] 21717} Zeflo] 2% %)
o] Z7}E]= AL whsle, UElA o 2 1940 thala) skako] =
7F=| L Type I 1T A 32 A Ao] Ao 25 FA = F7HT
(Carpenter & Karpati, 2001). =243 TH 2191 W El(actin) 2} 1] 2. A1
(myosin) T7FF 5 1 em? %JEPLQOI 2o) 3-4 kgo) Hot2 ¢g§
Z7FetcH(Prior, Yang, & Terjung, 2004). Fo) 8= %%%XH% |
o £5 Bafsiol Hrieiae] 28 Ao il Heke 571
ANATE AEIHES B g 8f QlTH(Choe, 1995; Choe, 1998;
Choe, 2002)

et JAA 52 A Aol vl A=t e
58 el ofel 112 39152 el sistel ofgol 4
= A AT A ] 5olofof SHrHAlley &
Thompson, 1997). T8F A7 0] 502} slefehe 7S A= 3k}
A &&= Y s sfjoF DA, AUR i df-sljof &
ong_}:g‘gg_% @E —]H]—'S]—]IH OEHE
=35 o|4Fo. = Aol glow] A4 el iche e &
Fot= A% vEERlslokal A|AJskal Qlth(Korean Institute of Sports
Science, 1999). 0]£‘1§j— eN-2 517] YA Tekael A7 H e
St o] ofof] gt At H Az} A9 gl Argolr) 1 e R A
e 25 ﬂﬂﬂ%lm bR £ ol A A
1= 2000 Hol7} )

%%IAﬂJWWEﬁﬂ“ 4
o] 2ult) AHE vlashn

A gk

2,97 2%

A7 BAL AT AU SFhvje SFo] ) ke
o] Type I 7251 7P} Type I £2:50) % 2to] 2u]) At
27 QA8 B15t AU G 7} A 2 o] e} &
32 HmsHe Aol AR A7 BA e gt gk

) 47 AR S50 2 AN E 3T} I E e 28

=
ypeL I 2435 SR vl G 496 5 S
Fo) A ]

1.7 24
A Stieha Al s E SE91eeY s
of whet Pk AT ATE =N o AdE
2192 Al tof| a7ttt o2t (Control: C): 14971
S5t ?-O]U% AU-L-5H(Exercise 1: E1)2 1447} &=
a1, i Y-8t (Exercise 2: F2)-2 14U7F Y 852 AA|5H
otk Al w W A AR A 2R 15U of| 7Rt £ 2

Al ick

4

¢
offft 4z o

\I
i

i
Mo

i

[o
e
>

F#l

mlo F ﬂll

2. 8710
A% 220-240 g©] male Sprague-Dawley rat (Koatech, Pyeongtaek,
2005 HEHO), AL 5 HED, WL FH(E)0l 2
267,79k} S9] wpgalsick Al 72 SUst #0] 48t
PR 22+2°C, 5T 45-55%) 124172 Bl 12A]7+L o 54|

st 52 AR (Cargill Agri Purina. Inc., Korea)2} &2 o}

Korea)

ZHVO,max)2] 45-60%= Z Q.
= A7) 1 A oISk (Gute, Laughlin, &

Amann, 1994). = A& o] A= Gute 5-(1994)2] AL Ax}of wha} F
of AEEh= AT 52 AbAFRFo] Hof Aa TR 58%
7}FEEE 10 m/ming] £E 2 FE SEA)7] AL 2Ju]gtt) Choe
S 00m)9] AT AT o = 8 gl 25 4w AN
7} 244 4= )= rodent animal treadmilloﬂfﬂ 10° A= 10 m/min
o] & 2 2 %9 AJaYElgIT) o]|gt &= Gute 5(1994)2] AT
Ao whe} HejAba = 75"**0}04 HH 58%VO0;max0| 22
7= S-Folm AgdeL(Choe, 1995; Choe, 1998; An, Lee, Lim,
Choi, & Choe, 2000)E £3j 9= 27 2171 =5 ol
whebA] 2 Aol A Q) A 52 18] -5 Al 304 19 23](2
% 9A], 2% 64]) AAJsto] EFof F 6022 AlsESIT: o2gt



[ =i/ I}

2 HE L ARYFE 2
T AT A Ak AR Y FLRE AR 2% 540 elec-
trobalance (A&D HF-2000, Japan)&- ©]-8-5}0] 4515100 Al 4]
FEF2 i 2447 Hof| AlFeE AR 9] FAA] E-2 AbR ] -
A% A A1} 21k
3) A Y EASY
& vpR|u} Hof| pentobarbital sodium-2- 50-70 mg/kg®] -85S
B AL Rofsho] nkx g ko 2 B FALR Eoldtol
oFEIA17] 5, SckelolA] Zhabu] 23k £ 473 M5k microbal
%

wor
juis) j%

JE

ance (A&D FX-300, Japan)ol| A £A1 & &A1tk
5 2YNge| T B 5

Choe S(0042] @04 AL el npe} e gepe 2
3% A (spectrophotometer, UV1601, SHIMADZU, Japan) - ©]-8-3}
] Serva Blue G dye”} &% Bio-Rad (Bio-Rad Laboratories, USA)
1 mLE Bradford assay {0 2 EA5F¢ic) 4 % dE)(bovine
28000 2 0| §}o] LT AN Lyehd
e L8-0] thanz]

serum albumin)-2-
B3 = (absorbance, Asos) 2] (ug/mL) S ¢

gyl A=Atk

5) Typel, | 28 &

Choe, Kim, An, Lee2} Choi (2008)2] &1+
2} A7 FEE Type [ Type 12 -
(adenosinotriphophatase) 22|55 -2-
F3FAn]Z(CX-31, Olympus, Japan) 2.2 Ho} o} FA| Hol= 145
+ Type I, ¥17| Hol= A= Type 12 EHF3F3ick 2412 &
H2]-2 microscopic image analyzer (Leit, ASM 68k, NetzIn) & ©]-8-3]
o] 1008} 2] -85} image photoshop 2+ BMI plus SEE- ©]-8-3]
o AW HollA] Type I, 11 241-6-0] ¢-3H kA2 S AL&3}

o| gctota 2

ol A AAE B o o

-“?:6‘]-7] 18l myosin-ATPase
stk o] % BEE

- -

3
5. A 24w
SPSS WIN 11.0 Z 2 J1H-Z- o]-8-5}o] Z} 7-0] AY AJZ} A9}
S22 Al Al AR STl A e Bk
Al FEHA S Bt e EARE UERASIAL, Al 7 7He) At
o]= ANOVAE E-AJ519.00] AL A4S Tukey test 0] 8514
. AY AJRF A9} 18R] A19) A5 H] 2= paired ttestE ©]-8-5F
of EAEIGlom H= AR 19 S p< 05004 ST

A+ 2

22, TS BT(E) ] AF A2 A
LEAA| 2] A (postweight)2 Table 1014 Hi=
oo}tk A5 A1) A A 22090 15 Ao gl
(F=0.161, p=853). T-%-2A] 212 H52] Postweight®] 7%, C2]

TEAA A A 523255041170 g O 2 E15-9] 313.87+3.15 g
e -olal 7] EokeHp—046). E2e] 24 AA] 4 A%
314194758 g© & UrERL} Gtk -5-0]3F 2po) 7} 191a1(p=.052), E
ik E2720] 5 A8A] A Aol oI5t Aol S HolA] 9k
tH(p=997).

(preweight)2

2 Table 19 AJA1) B}9} 2k )z
;_L(Ez )o] & AFRAIHES Z17F 32331+
0994 +839 g, 31952 +36.24 g© & A| - 7ol 3]} 2po|7}
F=0.550, p= 587).

1701 g,

_~ W

3. Typel, I 25 24|

Al 78] & FAIE vl agt A2} Table 200 A|A & e} 7k
f FAE Al 7 7hol] 213t Zfol 7} QUL em(F=1.642, p=.223),
S FAE A - bl folgh ao|7t Gl A0 & YEpstehE=
1028, p=.379).

Table 1. Body Weight and Total Dietary Intake

Preweight (g) Postweight (g)  Total dietary intake
Group
M+SD
Control (n=6) 237.88+3.13 32550+11.70 32331£17.01
E1(h=7) 237.09+2.84 313.87+3.15" 309.94+8.39
E2(n=7) 23784282 314.19+7.58 319.52+36.24
F(p) 0.161(:853) 0301 (625) 0.550 (.587)

“Significant difference between Control and E1 groups (p <.05).
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SheF 5394+ 3.35 mg/g2 C0] S2 < YA Tl sk 44.97 04 pm*2 C2] 640.58 +154.82 um?of| H|3f| -F-2lsHA] Zl o (p=
+5.76 mg/goll B8} F-2J81A] ZIL(p=.004), E27-0] AL LD 041) E2722] 960.23 % 141.86 pm*S C2] 640,58+ 154.82 pm?0]| 1|3
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Table 2. Hindlimb Muscles Weight Table 3. Myofibrillar Protein Content of the Hindlimb Muscles
Soleus (mg) Plantaris (mg) Soleus (mg/qg) Plantaris (mg/q)
Group Group
M+SD M=SD
Control (1=6) 123738 34352271 Control (1=6) 67331231 44.9788:£5.7635
E2(h=7) 1339+£88 3583+259 E2(n=7) 12327 +821° 50.2943£3.3470
F(p) 1.642 (223) 1.028 (379) F(p) 30.569 (.000)* 7.373 (005)*
“Significant difference between Control and E1 groups (p < .05). *Significant difference among 3 groups (p <.05); 'Significant difference be-
tween Control and E1 groups (p < .05); *Significant difference between Control
and E2 groups (p < .05).
Table 4. Fiber Cross-Sectional Area of the Hindlimb Muscles
Soleus Plantaris
Group typel T type I typel T type I
M=+SD M+SD M=+SD M=+SD
Control (n=6) 1,223.74+87.85 1,563.09£501.65 640.58 + 154.82 1,103.59£142.90
E1(h=7) 1,525.13+229.78 1,150.10£166.12 726.55+160.04 1,190.81£325.71
E2(n=7) 1,25553+£86.12 1,446.34+311.44 960.23 +141.86™ 1,05544+£101.68
F(p) 5.886 (024)* 1.534 (274) 3.665 (039)* 0.758 (.798)

*Significant difference among 3 groups (p <.05); Significant difference between Control and E1 groups (p < .05); *Significant difference between Control and E2

groups (p <.05); *Significant difference between E1 and E2 groups (p < .05).
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Figure 1. Cross-sections of soleus and plantaris muscles in rats in the C (first line), E1 (second line), and E2 (third line) groups. The left column is so-
leus, and the right column is plantaris muscles. C: control, E1: exercise every other day, E2: exercise every day, dark: Type I muscle fiber, light:
Type I muscle fiber (myosin ATPase staining, x 100).
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