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®’OE: Qi R B S B s R TR O L Y LR A T4 (myosin heavy chain ,MHC) 54 (A 2H 1
A k. Jitk  Wisatar JRBENLIF A 4 241 W B0t AR Bl S 20 O iz sh 2 Fiie S & is ahdl . Sl B 38 sl 20 K U2
TRFE TRULIEEA 5 000 m &S Ji , A K [H % 4 000 m @& Bt Tiipikizsh 1 h(6 &/ J&)) 18 S8 4Us FHZE 5 000 m fREEZH K
(L [0 7 M 0 A 1 3 ) 3 , AELAS B il ik a2 8l 1 iz s 2 A S itk B 2L e ) g ) 3 , b o iz sh 20 g
HEATURIKIZE) 1 h(6 d/ &) o FERIKGEZNE NG 24 h AFE KRB, 43 B A A0 B A A B EREEE. HE 10%
il SDS-PAGE HLJk 43 822 A7 05 MHC Stifd gL 53 UL MHC iRl i fb . g5 BRE3S d KR4 D dht

BRI, BV BB SRR A RS SR B A MHC R A 2R R G 905 S D %ok B 2 A bR S R
b, Wiz sh 4 4% o - MHC S 4 L) 25 w17 Josd B, el B A s a4 A % o-MHC Sy {4 L £ 538 8 11 Je o] it
FIEREEH Tz ahél . A% MHC S (R 4Ung e B b B3 S 0 S AR 858 B E G ah F4F, L ILEF4E
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Hypoxia and combined exercise alter the myosin heavy chain isoform composition in

rat heart

CAI Ming-chun, HUANG Qing-yuan, GAO Yu-qi, GAO Wen-xiang, LIU Fu-yu ( Department of Pathophysiology, College of
High Altitude Military Medicine, Third Military Medical University, Chongqing 400038, China)

Abstract: Objective To investigate the effects of chronic hypobaric hypoxia only or combined with exer-
cise on myosin heavy chain (MHC) profile in the ventricles. Methods Wistar rats were randomized into 4
groups; control (C), hypoxic group (H) , exercise group (E) and hypoxia-exercise group (HE). Rats of H
and HE groups were subjected to simulated 5 000 m hypobaric hypoxia for 5 weeks, except descending to 4 000
m for I h/d six times a week and there HE group was forced to swim ceaselessly. C group and E group were
kept under normobaric conditions. The swimming program of E group was the same as HE group. In twenty -four
hours after the last bout of exercise training, all animals were sacrificed at 4 000 m (H and HE groups) or at
sea level ( C and E groups) , the ventricles were collected and MHC were determined with sodium dodecyl -poly-
acrylamide gel electrophoresis followed by densitometry analysis. Results The weights of right ventricle (RV)
were significantly higher in H and HE as compared with C, and the left ventricle (LV) was significantly heavier
in HE than C, indicating RV hypertrophy in chronical hypoxia and hypertrophy of both ventricles in hypoxia-ex-
ercise condition. The composition of a -MHC and B -MHC in C were 56. 98% and 43. 02% in RV, and
70.78% and 29.22% in LV, respectively. The percentage of a-MHC isoform in RV was significantly higher in
E (90.93% ) and HE (82.95% ) than C. The alterations of MHC isoform composition in LV were similar to
RV. No significant difference of MHC isoform composition in both ventricles was found between H and C. Con-
clusion  Moderate exercise under hypoxic environment can induce alterations of the expression of MHC iso-
forms. This could provide a biochemical basis for the exercise promoting acclimation to high altitude.
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i) F A AT R o O WUUR AR 1 AR O LA TR 22 11
LR IR A B ), T ELE BT ATP B .
2 B B AR A AR . ARIR R UL 2 M
JULEREE 11 547 ( myosin heavy chain, MHC) 3& 4, 4351 4
a-MHC ( o -myosin heavy chain) fl g -MHC ( g -myosin
heavy chain) , HR o-Fll B-MHC FEZ5H) I B A7 5 [
e B ENFESIRE EEFR K. LY o-MHC FI
B-MHC. 1 Ho A5 Jik tRe 5 o JUE WA 40 32 12 RSO ) g K
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W o ASBIFTE LB T AL D R ik S A 0B
ZRAF T R BRG L MHC S5 b4 A 2R 1) A2 4k, A TR A 38
NSRS B Sl AR T TR A AL B S AR A
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1.1 s

JUAEHEPE(RRE Wistar KR 24 H (TR (217 £23) g (3 =
EBEAELI Y PR L) BERL Y A 4 4L, B4l 6 H. DA
TR AT HREH ( control, ©) , @) 84l Gl % 41 ( hypoxic group, H) JBF
Jiiz d ] (exercise group, E) @& iz 241 ( hypoxia -exer-
cise group, HE) . H 411 HE 41 K R A% HE SN P4 3% 28 G 5 5
JH(35 d) . HE 241K U225 8% T 445 000 mig S J4),
5 6 d fEZE 4 000 m & FUELEIFKZ 30 1 h(6 d/J) , ik b
Fo/ANH 100 em x 80 em x 70 em, K3 50 em, KR 33 ~35 C iz
ENEE ARG [ THEE 5 000 mg HOL K R[] B 640 T B PN A () v 4
o BERRL AR ARASUET Pl bk AZ 3l 5 K 4R C AR RG AR IR 37, H
POE B 6 K TSR kiZE SN 1 b, 355 T8, HE 41k Bl
ARG A 24 h J5 5 H 24K R — R AR 4 000 m 1)
LA AT . E KRR KIFIRES M 24 h 55 € 4]
KR 7E R A T
1.2 wEEFHHONE

K EFRTE 0. 03% ) 1 EL L 22 4 FF 18 (3 mg/100 g KL ,
T 43 B Lol , 37 20 B8 T UK o% A B K o, e B i
DEWEE(RY ) AL E (FEE AR, LV)  FRE, 75 A
f0 % FRHEEOH Hermann-Willson $58, A= E R = 4
CEFER/EE (LV/BW) 10 F ERAEE = 405 TR/
H(RV/BW) ;Hermann-Willson $5 8¢ [ .0 FEE/ A L% + 5
] BE ] (RV/LY)
1.3 @ik & MHC M4k

ZOCHR[ 4 ] ik alE AT . A& 10% H il fYy SDS-PAGE i,
VKB4 A0 % MHC SR 1. R A DYY - 28A #Y e 3k (X
(JEFAS—AL88 ) fE5E 14 V/em Hi 3k 40 h(0 ~4°C ,pH8.5) ,
& LS R250 Byt A Yy h bk BSR40 T R 45 (H H FR980)
8 A, Fil SMART VIEW ANALYSIS PROGRAM 43 #7 4 {4 4b 1 43
B, 15 o MHC Fl 3-MHC B &5 1 43 L

1.4 it
PHGAEILL & £ 5 s, JH SPSS10. 0 Gt R pF b4 T B %
I &4 H e

2 #R
2.1 HEFHRISEHTARL ECETFHH
AL

I B AL FE e H O 4LR1 HE 41K B D458 (RV/
BW) ,Hermann-Willson 5% ( RV/LV) 5344 i (P <0.05, P <
0.01), HE ZA A O3 38 80 LV/BW ) & 3 5 T 1 JrUat B4
(P<0.05), LA 35 d n] B AT LS AE K ; ik S 5
BB FHOE AT LERER, WL,

F1 BEMREESEDRAMRE HOZEREY
HIRENE (n =6, X x5)
Tabh 1 Effects of hypoxia or combined with exercise on ventricle
weights (n =6, x xs)
Groups  LV/BW (mg/g) RV/BW {mg/g) RV/LV Hermann-Willson index

C 2.27 0. 14 0.72 +0.08 0.32 +0.027

H 2,29 £0.20 1.30 £0.30* 0.56 +0.080 **
E 2.3520.17 0.80 £0. 11 0.33 £0.037

HE 2,50 £0.12* 1.40 £0, 17 ** (.56 +0. 057 **A8

BW . body weight, LV left ventricle, RV . right ventricle; C: control;
H: hypoxic group; E; exercise group; HE: hypoxia-exercise group;
w3 P<0.05, %% ; P<0.01, us C; AA: P<0.01, vs E

2.2 £ A FE MHC FAHa i T 4L

SEtis s AT % o-MHC SEAa (L ) d 3 3 17 I iR 2]
(P<0.01) G A4 MHC 544 A 21 R He 95 3 D0 B HE 40
BEAAL, A ESIESH A F o -MHC SEHE L F) 5 W F
S JFOG AR A S (P < 0.01) o A% MHC S (A 4H A 191
H AR S A A, O I I L, B S A B -
MHC 0 A0 G 3% 40 2 25 s il B s 3 4L o -MHC 532
P 5 S A e RN (P < 0. 05) B I 251K 1 It iz =)
H(P<0.05), MF2.H 1,

#2 A HOE «MHC F B-MHC (M (n =6, x x5)
Tab 2 Relative composition of «-MHC and 3-MHC in right
and left ventricles (n=6, x +5)

RV LV
Groups :
a-MHC( % ) B-MHC( % ) a-MHC( % ) B-MHC(% )
G 56.98 £12.26 43.02+12.26 70.78 £11.54 29.22+11.54
H 57.62+7.49 42,38 £7.49 57.93 +21.62  42.07 £21.62

E 90.93 £18.15* 9.07 +18.15** 96.92+7.55*" 3.08+7.55*
HE 82,05 £3.71 *** 17,05 £3.71 **¥ 75.75 £5. 80" 24.25 +5.80%

C: control; H; hypoxic group; E: exercise group; HE: hypoxia-exer-
cise group; #* ; P<0.01, vs C; #; P<0.05, #,; P<0.01, vs H;
Ay P<0.05, s E

1; Control; 2; Hypoxic group; 3: Exercise group; 4 Hypoxia-exercise group
1 SDS-PAGE & B A0 E MHC Rk
Fig 1 SDS-PAGE separation of MHC isoform in right ventricles
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H T OF AT IR (57% ) 5 F2 0 E o -MHC E 6]
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