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Effects of tail suspension upon the morphology and myosin ATPase
activities of the soleus muscle of the Dauria ground squirrel
Spermophilus dauricus
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Abstract The wet weight and the cross-section area ( CSA) of the Dauria ground squirrel” s soleus muscle were measured after 14
days’ tail suspension, and compared with those of tail-suspended rat. Meanwhile; myosin adenosine triphosphatase ( mATPase)
activities of intrafusal and extrafusal fibers in soleus were also detected and then compared with its corresponding control. These
aimed to explore effects of tail suspension on morphology, microstructure; mATPase activities of intrafusal and extrafusal fibers in
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the soleus muscle of ground squirrels under conditions of muscle disuse. In rats; compared with the control group, the 14 d tail
suspension group showed a significant difference in the ratios of wet muscle weight to body weight, decreasing 35.52% (P <
0.001); the CSA of type 1 and type I fibers decreased 18.91% and 20.68% (P < 0.05) respectively; the average CSA
decreased 20.45% . The constituent ratio of type | fibers decreased from 80.61% to 66.83% , while that of type I[ fibers rose
from 19.39% 10 33.17% (P <0.001). The activities of mATPase of intrafusal fibers exhibited higher histochemical activities
after 14 days of tail suspension. Bag 1 intrafusal fibers of the rat showed strong activity ( +++ ) as compared with the control
groups Bag 2 intrafusal fibers and chain fibers showed strong activity ( +++ ) instead of intermediate activity ( ++ ). In tail-
suspended ground squirrels, the ratio of wet muscle weight to body weight only decreased 0.05%, while CSA of type 1, I,
fibers and average CSA decreased 0.84%, 0.63% and 0.37% » respectively. There were no significant differences, compared
with controls. The ratio of type | fiber decreased to 77.30% as compared with the control (82.55% ), while that of type I
fiber increased from 17.45% to 22.70% (P < 0.05). mATPase activities of intrafusal fibres in tail-suspended ground squirrel
also changed. Bag 1 intrafusal fibers showed strong activity ( +++ ) compared with negative ( — ) of the controls, Bag 2
intrafusal fibers retained intermediate activity ( ++ ). Chain fibers retained intermediate activity ( ++ ) or showed weak activity
(+ ) compared with controls. We can conclude that, tail suspension might lead to significant muscle atrophy only in the rat; after
14 days of tail suspension, the mATPase activities of intrafusal and extrafusal fibers in the soleus musle all increased both in the rat
and in the ground squirrel [ Acta Zoologica Sinica 53 (1J: 116 -122, 2007].
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6 MMAMR,, HA s LG T R AVIRES,
(B H BRI B4 JF R B A2 W) S i B B LR 4 5,
VU ks e s AT e W, HERARITES. B
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Table 1

ground squirrel soleus (x + s, n=6)

Effects of tail suspension on the weight of rat and

#15 e H L E/AATE (¢/100 g
Group Soleus weight g/100 g body weight
RC 0.041 +0.002
RTS 0.027 £0.002"
GC 0.039 + 0.006
GTS 0.037+0.012

a5 & BB X4 L, P o< 0.001.

corresponding control, P <0.001.

* Compared with

2.2 JULLF 4R AR T A

B 14 d J5, KR H AN T BV 4
CSA FiIT ZY L 4F 4t CSA 43 il Lo B4l ~ % 7
18.91% 1 20.68% (P <0.05); WLZF4E~F3) CSA
W T 20.45% (P<0.01). RMAIES/RFERLL
H AL T ZBUNLEF4E CSA S50 IRAH LE kb 0.84%
T RALEF4E CSA 5134 CSA Lo I 2l 43 sl ek 2> 1
0.63% M 0.37%, it R L &% (P>
0.05), W% 2.
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2 RO BURE B RS B AR LET4E CSA FOSEM (x £50 n=6)
Table 2 Effects of tail suspension on the CSA of rat and Dauria ground squirrel soleus fibers (x + s, n=6)

AT | 1 VLA 4P 3 R A T AR I B ILEF 2 ~F- S ek T A1 SRR AR TR
Group CSA of type | fibers (pm?®) CSA of type II fibers Cpm?®) Average CSA Cpm?)
RC 1 960.83 + 325.62 1836.51 +334.34 1904.32 +336.34
RTS 1590.01 + 183.01 " 1 456.79 + 156.02" 1524.91 + 184.97"
GC 1.837.82 + 158.68 1 880.06.78 = 161.91 1852.11 + 154.43
CTS 1 822.34 +308.19 1 868.21 + 282.25 1 845.27 + 282.77

* 435 % B AL LE . Compared with corresponding control. * P <0.05, ™ P <0.01.

2.3 HAPURSMILE 4E 9 Lt

75 pH 9.4 HI4ME T, WAL T B WLET 4
mATPase G0 S BHPE, T LT 4 ) S om B vk, 4t
AR, xR AL, M4 KR H AL
T BYUET 4 LA B (2 A, 1T ZELET 4 1 L ] B
Thar (P<0.0D) CERRT: 1. 2): RMmdlik 5K
2 b H A UUUET 4 A8 R b 5 0 R AR P R B K
T BUVLEF4E Lo oA SRR AG, T BLET 4 Lo ) B 2
i (P<0.05) (KR : 3. 4), W33

*3 REEmNREAMEL/REREEANT T TN
FAELBIIEN (x50 n=6)

Table 3 Effects of tail suspension on the ratio of type | and
T fibers in rat and Dauria ground squirrel soleus muscle (x +
sy n=6)

i T BUULET i i Ll I BLULET i A B bE
ZH 7]

Percentage of type Percentage of type
Group -

1 fibers (%) Il fibers (%)

RC 80.61 +4.36 19.39+4.36
RTS 66.83+3.03™ 33.17+3.03
GC 82.55+3.15 17.45£3.15
GTS 77.30+2.76" 22.70+2.76"

7395 % H RO LA EE . Compared with corresponding control .
" P<0.05, *P<0.0l
2.4 LHANUR AL mATPase 7 1

JULAR b 25 205 20 23 38 G0, B 050 0 9 VLT 40 e
UL EANIVR AR S & FOR G5 0 B B 8ok
FEW) S LEAR AR JULET e 4 i) WLET 4 (AR W ULET 4D .
Horp 2 SRONAZARET Y, ORI &A% 48 2 27 4k, R
PRtzie 1 4. gz h2-3 4%, HER
/N T AR AS 1 4

X HEATK BUUR B2 48 1 24T 4E mATPase S (05
BIPE =), %A% 2 21 4k A% B 21 4 W) 5 B0
C++), B 14d 5, BRAVE4E mATPase 7513
W, %81 LT YE mATPase Jeta tHIIME (- ) #AN
SRFIPE ot D, K% A8 2 2F o FOAZ B 21 4 th PH P

Cat ) FAR N BRBHME 4+ ) (ERR T : 5+ 6D

MHA R IR 4 ar 2% 4 - 5 R
WL £F 4 1Mo . B A% e F 1N B 48 2 4F 4,
mATPase R0 BHTE (44, BEARTIAHI LS 1
ZFYE, mATPase Jet EBME (-, ZHELA4E2-3
%, HEWE/NTERAYE, mATPase 44t 5 HPE
(). B 14dNGE, BE1AHERPIE () %
A SRBHTE Cat D, B 2 YR EBHTE C s )
LT AEN G A Bt B PE C e ) B A 55 11
PG+ (BT : 7. 8), WK 4.

F4 RHEGE X KRS S R B E AR A ILET 4
mATPase 7% P 1] 5% 1
Table 4 Effects of tail suspension up on mATPase activity in

intrafusal fibers of rat and Dauria ground squirrel soleus

415 A% 1 A4 A% 2 A4t KR 4
Group  Nuclear bag 1fibers  Nuclear bag 2 fibers  Nuclear chain fibers

RC - ++ ++
RTS +++ +++ +++
GC - ++ ++
GTS +++ ++ +

e QAR CRPE D 4+ Jefarp s (BHMED: + Jefadk (55K
s - REEQ (B,

+++ strong activity; ++ intermediate activity; + weak activity; — negative.
YN
3 1w

FH R 8 V2 5K WS JRL A I P P 28
g, — AT W S I () AT B AR A, SR
I [ SE K, DU 25 18 A A S5 PR 22 0 UL TR 25 46 (1) 5% T
CRIREESE, 1992). L, SEHG A 2K FH R
14 d &R VLA 4080 .

MR FAFAE . AR 2R B UL R B & Lk
FIERANTR], BB LEF4Enr 2y T AT P K
2, T BUULEF e P VLEL B AN i 65 35 5 i
%, el XD A A . T B4R
UM EOMMaRES B, il
DIBERERE A o 1T mATPase (pH 9.4) J& Wi BEf#
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(bRl I XERLAE, 76 pH 9.4 M MET,
1 BUVLEF 4 mATPase 440 S BIPE, [T ZLILEF 4 )
ERBH T .

KEFFTRIRY, ERARET, BIL (F
PR T BWLETSEAL O bRVl (=2 1 B LET 4
YIp) 4™ E, HANURRAEIL, LT A
WLEF 4k 40 % 85% 7247 (Luginbuhl et al., 1984;
Thomason and Booth, 1990; Zy7k Zi. #MI &, 1997;
Ganong, 2001: 2K, 771, 2003: Alkner and
Tesch, 2004), P, —MahPysein i LLE H # )l
ARG T PRIV 46 1) R AR R e
3.1 EEma KRS Bk E R H allEs
Al pA|

KREM 14 d J5, LWHANARDG, 2K
AR, S, srdRiE, EEWE, WHMA
LY 34030 T /4 EE 0 AL S 2 sk b, T T 2L
2F4E CSA BT CSA B RAR T AL . $EoR K R
Lo H A URAE T IR 245, X5 AR LA
R R e 8 (RraJ75%, 2005a).

R RmEREM 14 d 5, HEEHANTG®RA
PEL PR TRARER AL TR =R, tLE A
WU F R CSA S5 XA 2 A B E . Uik
B R RAE R TR S N %A R A R ILIA 2 45
WOid K, R RE AL 5 6 MHMAIR)G
HAR I B IVERERER, AR RS
IRE AR R 14 d J5 W38 BOR RUIRFE 3
MR ZES, X—2REREK, B, AZRHIR
MR F P LZE 4 R B 5 A IR R A A4 TG
WMARIEFR, TR — i H JUL PR 2 FH T s i (ST AL
il AU E AR X — AT IR
3.2 BB K RURNE 2R B R LG H VAR A
L mATPase 7 M 15210

SIS R AT T ALK BB H L 80.619% 1Y
JLEF 4 mATPase B0 S BIPE, RHIH L H AJLE B
1 BUWLETF 4 E L. X5 DU 09T &5 51 K i%
JULPAL (1) By e 1 58 42— 30

M 14 dJE, KB HAUE mATPase W5 PE
B Ty, Lo H AL T 2 LER 4 Lo ie 2 7t
T BT 4 Lo B 2 A, BT T BUWLEF 4 1T
R R . FRUGIESE TAERFPRES T, KRE
HEIIL IR JUL 2 4 AR 28 20 25 Ok AR A 8 1 AH G IR 18
(Hagbarth and Macefield, 1995; & 7REE5E, 2001:
=775, 2005a)

K2R R 3 BB H AL 82.55% I HILET

4 mATPase Gt S B, R ZY)M LG H Il
WAL T BLET 4N E R INL, 6 T WL 4E R B
1l 1 T K

R 14 d Ja, &SR H Al T 201
LTYEIR I EL D, T BT e e b e, 5
AL, ZRE#E (P<0.05), RUIRIMNI
AR A R A T AR R — S ke ds, B
BT 2w [ A X — 45 R G RULEF 4y
LG I AR KA i AR AR 4518 AR ANTA] (Nagano et
al., 2003). $ES 5 R FR AN 7] 2 W 3h 490 1) 5 i)
] BEAFAEZE T o
3.3 JRIRE O R RURNA R B R EE B A R
VL mATPase ¥ 1 ¥ 5% 1

AR 2 B B ILA 0 — Fh 2L 2RI 4%, e
TESE K L S RANVIEIE, (EDhRE LJs T W — A i
IHI L REHS 73, AEEIAEE T, UR AN W ki & i
G N, AP AE YRRV SR, X B RIZ 3
BEATRG A 3 5 o WUAR Eh A% A% 2 Yl TN A% B 2T 4
Heo AR YERRI LA LU ISR AUy
PERIANE], XATIX 23 A48 1 21 4E (B MR AR 4T
Ye) AR 2 20 4E (i I PERZAR AT 4D AR 1 &
Yt mATPase 51 (pH 9.4) 1RMK, #24% 2 A4 H0iE
YRR, BRI RS PR R R mATPase TiF 1 (1 75
IS T4 N IVLET Al AR i, 2R 1 2R 2R
ML CRALAD, A% 4R 2 21 2 FAZ B 21 4 ) S8 A
PRI (R A . e 14 d 5, KERNILS
YN mATPase W5 s, SR AMIUIL A 4E
AL ZRL TR 12 240 UL 1) 1% i 25 1 R 44 JUL 6% A TR o 3 —
o A HRALA R R H AR MBS S
mATPase I P2 50 ALK Rl R EE I 14 d
Jii, L H AR WL 4E 1) mATPase 15 IR & A4
T H R ARL .

FATRIWETEE REW], FERARE T, KK
TR L H AR A A BN E S (H2, R
W AMVLEF4E 1) mATPase 5 V£ B B39 5w, LT
YER AL AL T ALK B 1 UL 28 4 IR T 1 e
A, B p AR R F 0 UL 1 7% A 2R ) R i L A

A SIZHR A EUAST R S 11 R T o ) 7 i
JULPA R AR i, e 5 R 3 8 V2 v IR D ST 1
15 IR B U R A s 3X — AR BIE UL PR
R IA B 7R o BB B UL S M 343t 1087k 3o
KFIEG /R HANAR N #MIL mATPase 3
PR R ek 1 (R e 80 8 B RO . IX—BIFSE R
MRS UL P A B RIS S A4 TR IR S TR
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Explanation of Plates

. Activity of mATPase of extrafusal fibers in the control group of rats
. Activity of mATPase of extrafusal fibers in the tail suspended group of rats

. Activity of mATPase of intrafusal fibers in the control group of rats
. Activity of mATPase of intrafusal fibers in the tail suspended group of rats

00NN N R WN =

L: type I fibers. II:

% 200.

. Activity of mATPase of extrafusal fibers in the control group of ground squirrels
. Activity of mATPase of extrafusal fibers in the tail suspended group of ground squirrels % 200.
x 400.

. Activity of mATPase of intrafusal fibers in the control group of ground squirrels
. Activity of mATPase of intrafusal fibers in the tail suspended group of ground squirrels
type Il fibers. bl: nuclear bag 1 fibers. h2: nuclear bag 2 fibers. c: nuclear chain fibers.

x 200.

% 200.

x 400.

x 400.
% 400.



EFEE AR A R R H A IUE S A mATP BT R 1 520 FR 1
Wang Qi et al.: Effects of tail suspension upon the morphology and myosin ATPase activities of the soleus

muscle of the Dauria ground squirrel Spermophilus dauricus Plate [

Pl Rt 15 W WLSCJS - (Explanation at the end of the text)





