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RIS SEEMEERBTEMHEERI AT HALABKE B EHERIER
KO, R x| R (400038 FHK , 2 = % & K24V 7 [ Be e R

[(FE] HM WIS E G A BT RS M i il et IR B 4 S 2905 WUVUER 2 1 FE45% ( myosin heavy chain, MHC) Wi
BIFRNEW . Jiik BUE A AR AR 24 H AR AR FTE (2.3 £0. 1) ke, 3BENLEL PR E TN 4 H(n=6), A:IE
WNTHRZH B 18 AR G4 41, €. 10 Hz B B34, D10 +40 Hz B84 . B.C.D 44 & F8 ML RS R B b 3525
34T C RIS USSR (10 Hz) HUR, D 4 S 28055 AU 2 & A SR (10 +40 Hz) HLRIN, B 20 S A 7 HL I
S FH SDS -2 T s ot e B MG Pl ik B a8 i I I s 3R 5 Wl U S 02 ( RT-PCR) ¥, 43T 4 2005 UL MHC 25 W T SRR 78 Ak, 8%
B OHIE# X B L, Mt A% B4 20 2055 WL MHC 1 S8 8 B 4598 20 [ (0. 69 + 0. 07)% wvs (17.48 £4.00)% ,
P <0.05] ,MHC Il a W% 5380 [ (79.89 £5.09)% vs(73.33 £4.17)% , P <0.05]; MHC [ W % mRNA ik T &
[(0.69£0.07) vs( 1.05+0.06) ,P <0.05] , @51 MAL B HHE, 10 Hz BRI L MHC T A o[ (18.78 =
3.49)% vs(11.37 £4.27)% , P <0.05] f% 10 +40 Hz fg J0) F0 40 2575 L MHC [ WP BY L 5[ (23.40 +4.65)% vs(11.37 =
4.27)% , P <0.05] X534, i 10 +40 Hz 5 3 8041 205 L MHC 11 a 37 28 [ 46 [ (67.90 £5.66) % vs(79.89 £5.09)% ,
P <0.05 1 3li/b s 598 PR R SR 44 LA, 10 Hz Bl 40 205 )L MHC [ W27 mRNA A5 [ (0.79 £0.07) »s (0.69 =
0.07), P<0.05] K% 10 +40 Hz B34 %05 L MHC 1 W7 ) mRNA 35 5[ (0.97 £0.08) »s (0.69 +0.07), P <0.05]%
B, 1M MHC T a P mRNA RIABEZEFARE, 858 BMEENE IUESARBHF N MHC 23 Ta ) T 854 1)
“ RS AR . IR A AR BT H S A AR A A A I

[EEiA] M2k R 205 UL, MHC W2 %Y

[HEESES] R322.41; R363.124;R394.2 [ arbrEmE] A

Effect of electrical stimulus at a low physiological frequency on expression of myosin

heavy chain in genioglossus of rabbits with chronic hypoxia
Zhang Ni, Liu Xi, Liu Gang ( Department of Respiratory Diseases, Southwest Hospital, Third Military Medical University, Chongging,
400038 , China )

[ Abstract ] Objective To study the effect of chronic electrical stimulus at a low physiological frequency
on the expression of myosin heavy chain ( MHC) in genioglossus of rabbits with chronic hypoxia. Methods
Twenty-four adult rabbits, weighing 2.3 +0. 1kg, were randomized into control group ( A ), chronic hypoxia
group (B),10 Hz electrical stimulus group (C), and 10 +40 Hz electrical stimulus group (D). Rabbits in
groups C and D received electrical stimulus of genioglossus at a frequency of 10 Hz and 10 +40 Hz, respectively,
while those in group B received no electrical stimulus, after they were placed in a hypobaric hypoxia cabin, 8 h
a day for 5 weeks, with free access to food and water. Expression of MHC in genioglossus of rabbits in the 4
groups was detected by SDS-PAGE and semi-quantitative inverse transcription RT-PCR, respectively. Results
The expression level of MHCland MHCImRNA was significantly lower while that of MHC Il a was significantly
higher in group B than in group A [ (0.69 £0.07)% wvs (17.48 £4.00)% ,(0.69 +£0.07)% wvs (1.05 =
0.06)% , and (79.89 £5.09)% wvs (73.33 £4.17)% , P <0.05]. The expression level of MHC | was
significantly higher in groups C and D than in group B [ (18.78 £3.49)% wvs (11.37 £4.27)% , and (79.89 =
5.09)% vs (73.33 +4.17)% , P <0.05], while that of MHC [ a was significantly lower in groups C and D
than in group B [ (67.90 £5.66)% vs (79.89 £5.09)% , (79.89 £5.09)% vs (73.33 +4.17)% , P <
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0.05]. The expression level of MHC I mRNA was significantly higher in groups C and D than in group B
[(0.79£0.07)% wvs (0.69 £0.07)% ,(0.97 £0.08)% wvs (0.69 £0.07)% ,P <0.05]. No significant
difference was found in expression of MHC Il a mRNA between groups C, D and B. Conclusion MHC I[ a in

genioglossus of rabbits with chronic hypoxia is transformed to MHC I, namely from rapid to slow transformation

after chronic electrical stimulus,especially at a low physiological frequency.
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[H € 7Y [ BR P W 27 155 2% 45 {iE. ( obstructive sleep
apnea syndrome , OSAHS ) J2 45 75 B I 19 18] )2 &2 & 2 |
SPHIEIF G R R IR B 45 A P . OSAHS JB 4 AR
IR G RE 5 55 LA Bz PR e HIR R B P T 5 830 ) e I J
% EAENVE R B TR R SR M 7™ R 5 B A f
R AR B o TARAR S T R B AR AL R S 2GR S
EAZ G OSAHS fH Wi IN Z — . ZH ik %
1y AGED SR, AR T ARTES , T LARH 1k A
AR /N RSP B BT, 435 B TT . 2005 WL
REMIEIIE 1B K 22 % OSAHS 3 M ZE I Y
FENEZ 1, U, W07 el 205 LA T g
N HEIRTT OSAHS BBFFE R R o AR SEEGHR I OSAHS
S0 ) AT A S0 e 1 A T e A S
B AU OSAHS BORpIRAS o ARTE B UGS H A i
JL PRSI R, FATTR TS PR AR (10 Hz) S ARH &2
LRI (10 +40 Haz ) F ) i 1 A1 Hs e 4 e ) 250
Tl WA A & A5 PR 8 M v (Tow and
physiological frequency chronic electrical stimulation,
LPCES ) % %55 WLALER 2 1 %% ( myosin heavy chain,
MHC) 3.7 (8 3k B2 AR 1 B0 , o LPCES A e A9
BRI OSAHS SRk .

1 #R5FE

1.1 shihfetttt

L1 SEmshbad SRk mylsE H AR A%
24 F MEREANH AR BTt (2.3 0. 1) ke, 155 =4 K2 5000
S REE, YL T RBEL N 4 4l (n =6) A, IEH X}
RAZH ;B M2 AR R B 4840 5 C, 10 Hz L2 ; D, 10 +40 Hz H
TS, A YA S AL B, B.C. D HAEE BT E
TR GRABH 4 S, A 22245 2005 WL U1 il . 10 Hz
JFLH K 10 +40 Hz B 3038 20 20 531 25T AH o7 B 220 75 L 2H 2
MM 14 d 08 MR B AN T A R S
J&i , — I FEAA B, 0 WL BOR T R RAT

11,2 sLgessdt shiRRARER (o B ST R E %
W), AR AR 485 R S A, A R A U L
(#45 :5810R eppendorf f8[H) , Z ) REMIHR X (£S5 : SYEMLGY

HT BIO-TEK & [H) , FL K § 84 ( #15 ; GeneAmp PCR System
9700 ) , KA (IS DYY-8C Jb A —10Ee) ),

1.2 Fi&

1.2.1 BRI s SEOCGR3 ] ik K
P2 MR R B4R 4H  10Hz B 338 2H &% 10 +40 Hz e 332 R S li)
WT ARG HE AR AEUAE P A 35 . A RS HDLE 4 5 5 000 m (g
54.047 kPa, K E 10% ~ 11% ), T} [E 2 15 min, B4
10 h J& , AU R 7] A 8 B R0 - T v . 3 e TR) AR
FEARSEIAEE T RS SR 4 Tl FRENEY KK I 3 Bl S5 6k
SR o IE X BEZH S At e AR 55

1.2.2 Gadiid VIS e o

1.2.2.1  GZBUE AL LR TF AR S s
WAL S BOCHR (4] ikt s A 3% G 1 L 2l
30 mg/kg W H- S Ik A BRI, 340 A RS B S5 0 55 A0 B
FE o HRLEEE MUK, TR O, BB N, R
HPAEEEA 2 om A EMAE AL 1 12 S5k 5
SR WA R e AR (R A R R, HARZ9 0.5 mm, ) £
TRAEAE AL 2 em, DX AL G AL B AR A
SERLME . AL A T e R R IX S S B N W A TR R
gl B E . RS 1 A A 48 AR A R A
IS | ShA s 2 sh B R W R AR AR A I
o ARPERE IR MR IR ERAE, A5 75 % % 80 x 10°U JLATE
Sh,1/d,33 d,

1.2.2.2 GZUE U B RJE R AT
V14 A A 485 AR A el R ASCE A7 0 P H 8. 10 Hz K 10 +
40 Hz HL I 2 e 0 L 1) 0 SO0 %6, 45/ min, 5 98 0. 3 ms, %y
WHLE3 Vo JIBtE A :10 hd, 3 14 d, [RJEF2EF T 15 & % AR
4 R PEATH B2 (10 Hz B i 82H & 10 +40 Haz B 3 54 20 %50
TSR FRE AR

1.2.3  SDS-2 P s Tk i 15 Jie HhL 1K 43 BT G 2906 UL MHC 317 784 2
HEB o R Pk S BEOSCHR (5,6 ] 0 ik, B il 8% 43 B9 e
1 5% e A e . WL T 4 (myofibril ) #2518 Solaro 37, X
ZE A2 40 mg, EWARFN 0.2 ml, JH# MK EE 1 mg/ml,
=20 °C fFt, FRERTIN A S5 B IRESE phi I 21,100 °C AR
3 ~5 min, #% 5 JKE A K (&R 10 pg BAE, LYK fEH R
80 V, 4L 20 h,yK EiEfT, HLIKZE G , marker 220 x 10° fff3T
BUBEIE , % S as ik R250 Jeta, AR e Sk BT R G0 (E H
FR-980) fi4H, F Quantity One #4443 H7 By vk S5 6.5 BE 43 A
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£ T T AR g, HAE 2 m MHC 45 W7 B B9 AR X &
1.2.4 RT-PCR JE4%iE L MHC 4 7% mRNA ik
D/ RNA #2H, @53 : Rever Tre Ace-a-igi % SH I &4 A
TOYOBO /A ], cDNA 25 1 ##19A %, 750 &l B 45, SR J5 F
A PCR RN . QI A BHGE RV : 51t A T A TR
RIS A BRA T ARG, WA 1, #9820 wl SRR &R, SO0 8
TR A W4 B 38X, B R 4% fF: 94 C—5 min —
(94 C—30 s—61 C—30 s—72 C—30 s) x29—->72 C—
10 min, @K PCR JZ B 58 U5 , B 5 wl SR TE 1. 0% 35
ERRE R LK, B VK FRL TR 60V, 30 min, JREBRE A 0 L K 1R
ST RS (K H FR980) FH 48 H 1447, JHl Quantity One X {43 #7
FELPK S, LA LA ( B B9 R A v IO\ B/ N S 3 1K)
SO

®1 REFHPMHCAANTRENSSI9FT

LR 2R 51975 P (bp)
[-9#:5'-GCGGCGCATCAAGGAGC-3'
MHC | 118 bp

FiiF:5'-CTCGGCCTGGCGCTTGT-3
[-¥%:5'-CGAGGAGAGGGCTGACATTGC-3'
MHC I a 102 bp

FE:5"-CGGGTGAAGAGCAGAGACGT-3'
MHCII b N 84 bp
TFi##:5'-TGCATTTCTTTGGTCACCTTTTA-3’

3##:5'-GCGTGAAGAGCCGGGAAG-3
MHC 1T x 132 bp
Fii7:5'-CCCAAAATCGATAAGTACAAAACAGA-3'
-3:5"-GGGCATCCTGGGCTACACTGAG-3
GAPDH 247 bp
Fi7:5'-GGGTCTCTCTCTTCCTCTTGTGCT-3'
1.3 “%itsiE
ol x x5 JraU3RoR , AT SPSS 13. 0 Grit-Hffxd £t i
TR E T 25017,

2 HR

2.1 Zhih—MAFAEN T AL

S5 B M S 56 TR Bl R o 2% S O B A R L (P >
0.05) , 2t H WUEE ik 22 53 AN JC e E R R (P > 0. 05), L3 2.
SR A BT X S R R R 2 WL G S R

%2 ERNEREHRERAENRBMLE(1=6, g, 125

4151 BTG IIENT TR SR AT TR
TR IR 2311.50+118.86 2285.50 £107.83  0.402 £0.012
TR RS 2 2320.00£170.16 2 290.83 £147.57  0.373 £0.050
10Hz 3 a8eH 2242.67 £144.86 2172.33 +158.42  0.391 £0.049
10 +40 Hz H1jiisga 2312.50 £152.40 2277.83 +168.18  0.392 +0.048

2.2 SDS-PAGE %t fix ¥, i 5 #7 LPCES 1% MK & 5k
AR IRE L MHC A b5 64 5 4L

AN MHC % D a, 1 PIshSAALE AL, Hid MHC
1 a 2 He A B o TE 3 % IR AL 25075 UL MHC 1T a S 250 5] 24
i 73% ,MHC T W WA 255 17% o 5 1E 8 % IRZH i, 18 1
AR R Bl S ZH 2055 L MHC T a 6284 [ 461 S 3519 (P < 0..05) , 1
MHC T 378 L 51 2 35 0/ (P <0.05) 5 5548 A% R ik S 401 b
#,10 Hz s 03840 MHC I a 37 8 He AR p B E S i X,

i MHC T 375 45 52 38 i (P <0.05) 5 5518 A T S 2 Ll
3,10 + 40 Hz H1 ) #041 MHC T a W7 289 LY i) S 25 98 /0 (P <
0.05) , 1M MHC I Y. 8Y LA & 254 (P <0.05) o 10 +40 Hz H
4 5 10Hz H il gl MHC W2 AR b 354, 2 T a |4
I VA T a B LA/ H T BSR4 . {5 10 +40 Hz H
AR A it S B J 25, 550 0 e 440 L BH: MHC
I WA LG I 22352 12% , 4 2H (8] MHC 11 b 5724 i Lk 45
TGiitr 253 (P>0.05) WL 3, & 1,

%3 LPCES FREGRE LA EI MHC T2 L G2 L
[n=6,(x+s5)%]

215 a b 1
TEH X IR 4 73.33 £4.17 8.11+3.33 17.48 £4.00
P2 PR Bl S A 79.89 £5.09* 8.75+2.20 11.37 £4.27°
10 Hz HL il 41 74.40 £4.64 6.83 +1.96 18.78 +3.49b
10 +40 Hz AL i34 67.90 £5.66>  8.76 £2.09 23.40 4,65

a:P<0.05,5 5 x4 ;b P <0.05, 5% 44K R B A 20 0k
1 1 2 2

#;c:P<0.05,5 10 Hz & )4 28 tb 35
3 3 4 4
MHC Il a—
MHC Il b—
MHC [ —
| |

1 B3 2 BB 2052 13 AR R S 4053 . 10Hz % 33840 ;4 :10 +40 Hz
o, i 4
1 SDS-PAGE #E&£%EFI MHC TR R

2.3 RT-PCR 4 #7 LPCES 1% M A& £t 2 5% 20 & AL
MHC & mRNA £k 65 %10
HE 4 & 2 T 0L, 5 0EH X B B, 18 M I R S A 4 2
AL MHC T W7 mRNA ik it B 2 TR (P <0.05) ; 52 A%
JEBRARZH 14, 10Hz B 4 MHC 1 7 % mRNA XA BMA
FIAEZERARZE (P >0.05) ; SR B L, 10 +
40 Hz ML 40 MHC T W7 mRNA AR B E LI (P <
0.05) ;5 10 Hz A IIBLZE L #5210 +40 Hz AL )% 40 MHC | E
B mRNA Rk & EFIE (P <0.05) o Z5 5 R 18 PR AR A i
PP RES | AZ MHC T WA mRNA 3k I3, LPCES 53X Ffi A8
3T 3% MHC ITa,MHC ITb & MHC Il x =% mRNA
FIR LA 4 DL H AN ZE R AR E (P >0.05)
#4 LPCES G{EERELME I MHCI TR mRNA Fix &
(MHC/GAPDH }%) 935 (n =6, 2 +5)

205 MHC T MHC I a MHC T b MHC I x
IEH A RRZH 1.05£0.06 0.610.03 0.27+0.04 0.60 +0.05
PP Bl 0.69 +0.07¢ 0.65+0.05 0.30+0.05 0.57 £0.09

10 Hz Hy il
10 +40 Hz sy il

0.79 +£0.07% 0.64+0.05 0.30+0.03 0.62£0.06
0.97 £0.08" 0.66+0.05 0.29+0.05 0.63 £0.05

a:P<0.05,5 5 x4 ;b P <0.05, 5 1% 44K R B A28 0L
#.;c:P<0.05,5 10Hz #, 3 40 1o 4%
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2000 bp—
R 1
500 bp—

250 bp—

or <—GAPDH 247 bp
bp—

MHC 1 118 bp

2 000 bp—
e

! 928 hp"
500 bp—
250 bp—

T*f «<GAPDH 247 bp
p—

«~MHCIla 102 bp

2 000 bp—
9% bp—
500 bp—

250 bp—
100 bp—

«<—GAPDH 247 bp
«<MHCIIb 84 bp

2 000 bp—
LR b=
500 bp—

250 bp—
100 bp—

«<GAPDH 247 bp
<MHCIIb 132 bp

M:DNA 47:ft (DL 2000) 1; 55 % J& 2032 + 1% PEAK 4k R 2153 : 10Hz
W, 454110 +40Hz & g
B2 RT-PCR ##T6%iEA MHC T & mRNA Rik Bk R

3 itig
3.1 BRI MHC & T A ¢54% & B & #) % MHC T
gz R

WUEREE 11 (Myosin ) S A4 il - #% LT 2 R 22 1Y
FENGT, BRI RS R 2 NEN, S EEN
i) 25% . WIERZEE 13 i W 4% B2 5% ( myosin heavy chain |,
MHC ) A0 W5 % A [6] B9 428 4% ( myosin licht chain, MLC) 21
B, WUERER (B A5 A X 43 F 5 B 29 R 200 x 10°, Lk
B FRBEARRXT 43T Fi i (17 ~23) x10°, i F MHC
A WIKE 501 ATP BigiE PR R &k 2, B
MHC 5 LEF 4 i Wi 4 11 s VA ™ o it 40 #r
MHC FEA RS54 R AL A LN,

WUBREE I EHEEE AR A B 1T a, ITb A1 x
4 PR RAAREAY, HAIKIER AR K/NITT A T a
<llx<Ib< I, T8 E 6% SDS-5 P M Itk i
TKTCIERH W x M a thorag iy, @ E K ODx 5T [ a,
PR A 52 50 SR - SDS- 2R DA A O B 458 Je H Dk 125, Al
3AMUERE F &, T RULF Y FRE M i 4 S Ak U £F
o BLAT T % 55 0 (LS 5 5 T a RS 4 A
PRUSCAR E AR T 70 2 A, WS40 o B A PR, AN S % 55
BT 57 e 14 1 BULF 4555 1 b RUBRPR S 4 0 1% i
4, FEZ LRSS T A 5 9% 55

FENLR KB 48 LA 2 0 Hh SRR T2 s
P ICHY SCRL . ARSI FIRE S 200 & i vh 3l Y

FRRIE A0 8 5 >R ST 8 LA A 28 b 3l 7 OB 1 T
P8 PR A 28 F, 3] 98 A = ( chronical low frequency elec-
tromyostimulation, CLFS) (o3
3.2 BMARE S AT R -G L MHC 27 89 %5 v@

ARSI EE R /R 5 H T B LA, 12 MR E k
ST WL MHC T A L 5] 2 25 9820, MHC 1T a 37 Y
Lo A5 S 2 1 5 EAE AR He Bk AR 2H 2005 L MHC T AT
A mRNA ik iR % TR, DR G Wistar
FUE TR 5500 m gk IR EE 4 5 R, H H AL
MHC [ %152 F [, MHC I a 3V BUBG A, LT 4 5 4
T SNG4 R 8, TEH A IR th 280 L
MHC A% 4R J& MHC T 29 R [, MHC T a #4015
AR R ATRES R BB L MHC 7 ALY 545

Friberg 25 B 5% i 755, OSAHS K #B43 H 35 (14 W
R SR LA ILER R T 2 LT 2 0 3. sk 20, i 1 28 L
SFAEEAAXS I 2 o WUEF 447 10 53R A1 8h P SE g 25
R, 1 RE S OSAHS gk fac, 18
WLEF 4 BA sk S A S A r Thae, 1 B ILER 4 0 ik 2D
FNZE 4 ] R BOWER Y 5K LTI 57 g 1 Ak, B AE
5oy KA FERRIG, A E R PHZEIE /& OSAHS B35 I
EBiEh = % NIGE T TG
3.3 KIR A A A IR E B R T RS AL MHC

RO

BB LR R SRS 7 728 A ) A S, 1
SRE IS MHC T 3 ZR3E T, A U R 08 M ) s
MHC 2.2 LU (5] RH X6 2 455 15 5, (B4 2 A T e 3G 5
s UE T-E L, r R mT s 20 L AR 5 At Ry
B R P S o DUAEFRATT 9T IESE T AN
B M E I RT 45 I UL MHC ST 78 A6 A N7 A 3
REPEFEAE

ARSI 45 F R 548 AR R sk A 2 L #K, 10 He
FEII A ) 10 +40 Hz Hfil 3 4H S 20 WL MHC T
LA 34 i, MHC T a 37 8436k /b, f B MHC T 3 Y
mRNA KA BT, Al UL, LPCES JE 18 MR T 4
2 U B e ) TR AR AR LA PRI 238 R R X
10 +40 Hz FLfilE 2 28 A ny a4 in il i, S5 18 PR
AR 2 b A H MHCTEY () LE 5138 fin 2238 29 12% 1M
MHCI Y 5] F 585 i mT el 20 3 LA U 57 BB ), ik
g WU 57 5 | S 1 7% 0 B S B RIE R B B . LPCES
ZRG T ARSI A BT 2R P AR E R A Ao 3, $27 LPCES
JEI R WO 55 RE T BRI 25

H A% T OSAHS JRY7 I 7 ik F2A WU 2iois A
T2 O IE 8 LT AR RN RESE IE Rl R ALIE
J7 o X HE RS OSAHS [, FARFIHFEE IF il <
M AHLIAYT (continuous positive airway pressure , CPAP) &
H AT N A SR 9T T B, (B A7 16 8] 18 9 & 0E
CPAP H TYRYT A (&7 18 P 0 BN [ 45 [ 3, HAK
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MR 22 LR, BT 3 0 HL A D0 A A e
LPCES ZtH WUE S — o8 436 97 75 3, al LSS B 20
T WUNLET 47 A 4 10 A, 0 i 3 200 LA e
FFREST BT S S R BGST OSAHS 19 H i, (H AR
I PRAEFH ) B AR DT i 1 i — 2R BT

SE k-
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(4 £ &)

(L3 1402 W)

SRR, B ARG 2 h f16 h VT VC & SpO, 44 A [H]
FERE MR (P <0.05) , PV H7E ARG 24 h K&, CV 4L4MLT
REGTKFE(P<0.05) , RJ548 hikKE., PVAHAARJG 2.6 h VI &
VC ¥ F CV 41(P<0.05) . 5ARFAHE, 4R 2.6 h RR
(P <0.05),PV 4 7E AR5 24 h K&, CV LA S T AT
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