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I 2L 10 HUHEY: Wistar-Kyoto K FRUVE b IE 5 LR X BBZH (WKY) . WKY F1 SHR-S 4H % ##4i 77 , SHR-MCT . SHR-HIT
Ay BIHEA T 8 R RS A [ B 5532 2l o SIE 56 5 A1) FH 2ok 48 70 7o 10 75 S0 5 ) W ) 1) (exhaust time, ET) , 4 S i8-8
HELCHRIL, IR ILER 2 0 32) A e B LI UL, TRUILEF4E 8 ) , I Ho G 7k e A7 454 BR & T (citrate synthase, CS)
(AR &) LR I S5 (lactate dehydrogenase, LDH) (TG4 QAR &4 ) TG , ATP B4 (4 1 58 58 LT 2
SR (T.00) DA A B R W T A5 ( cross-sectional area, CSA) .

£58 . a) 55 SHR-S 41 4%, SHR-HIIT £ Fl SHR-MCAT 41 ET 34111 (P<0.05) ; b)SHR-MCAT 41 [, H a1 JJLLL K2 SHR-HIIT
20 HE H A LRI B T LI ILET 2 o A7 438 i (P<0.05) L TUR WILET 2 e 49 sk /0 (P<0.05) . CSA FH 5 (P<0.05) ; ¢)SHR-
MCAT #1 e H # L CS 3 M T (P<0.05) . d)SHR-HIIT o H 1 JLAIAS B B UL CS . LDH i P31 7155 (P<0.05) . 5
MCAT 41t SHR-HIT 4L ET . bt B faJLRIEHHT L CSA . CS FI LDH {if 347 = (P<0.05) .

i A [HZ 2 IR L UE SHR B MUK 75 S WLET 4k [m P 55 W AV, 1E i et WL AR Rz shise gy
D e o JBE ) B3 SRR M A

PS5 e =W S 2 o =10 NN R = s | R S IV A

FE S :R544.1, R493  XEAFRIEFE:A  XE4RS:1001-1242(2020)-03-0294-06

Effects of different training modes on skeletal muscle fiber type and metabolism in spontaneously hyper-
tensive rats/BAI Chunhong, QIN Yongsheng, BO Hai, et al.//Chinese Journal of Rehabilitation Medicine,
2020, 35(3): 294—300

Abstract

Objective: To investigate effects of different training modes on skeletal muscle fiber type and metabolism in
spontaneously hypertensive rats (SHR), hoping to provide evidence and method of optimal exercise prescription
for hypertensive patients.

Method: Thirty male SHR at 3 months of age were randomly divided into sedentary (SHR-S), -moderate con-
tinuous aerobic training (SHR-MCAT) and high intensity interval training (SHR-HIIT) groups. Ten male Wistar-
Kyoto rats were used as normotensive control group (WYK). Animals of SHR-S and WKY groups housed sed-
entarily while those of SHR-MCAT and SHR-HIIT groups conducted 8-week continuous or interval treadmill
training respectively. 48h after training, exhaust time (ET) was detected by graded treadmill exercise test; anteri-

or tibial muscle (fast muscle, mainly consist of type II muscle fibre) and soleus muscle (slow muscle, mainly
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consist of type I muscle fibre) were segregated, citrate synthase (CS) (marker of aerobic metabolism) and lac-
tate dehydrogenase (LDH) (marker of anaerobic metabolism) activity were measured by colorimetry, muscle fi-
ber types (I and II) and cross-sectional area (CSA) were determined by ATPase staining.

Result: Compared with WKY group, ET of SHR-S group decreased sharply, it raised in SHR-MCAT group (P<
0.05) and raised again in WKY group (P<0.05). Compared with SHR-S group, the proportion of type I fiber
increased (P<0.05) and type II decreased (P<0.05) in soleus of SHR-MCAT group (P<0.05) and they changes
most in soleus and tibialis anterior of SHR-HIIT group. At the same time, the CSA of soleus and tibialis ante-
rior both increased gradually from SHR-S group to SHR-MCAT group and then to be normalized in SHR-HIIT
group. The activities of CS and LDH decreased in SHR-S group. MCAT increased the CS activity of soleus
(P<0.05) and HIIT increased the CS and LDH activities of both soleus and tibialis anterior to normal.
Conclusion: MCAT can promote the muscle area of the spontaneously hypertensive rats, remodel the muscle

types from type II to type I, and increased the activities of CS and LDH in both type of muscles. The bene-

fit of HIITis even more.
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jin, 300162

Key word exercise modes; spontaneously hypertensive rats; skeletal muscle; fiber type; metabolism

e LR FR 3 B I A8 A1 ] B A7 7E B L
w L AFEALRZE 40 B A0 00 DL 2R 7 ik
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Sy MR Ry, o MG 8 iz s, —Iioe
TR Z Bl 200w i VR FRCR 9 meta 43
B s /s HINT 76 2403500 L AS D RE B 5 2R sk LA
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FEANRlZ By 7 20 iR I 7 280646l fef32 3l
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IR REE S N, AMEE K WK BB R L
41 (SHR sedentary, SHR-S) | H 45 5if i 5 45 47 4532
4fi 21 (SHR moderate continuous aerobic training,
SHR-MCAT ) Fl = 52 & [8] 92 2/12H (SHR high-inten-
sity interval training, SHR-HIIT), [F]E} L)L 10 H e
Wistar-Kyoto A FRAE A IE & 1 E X AL (WKY)
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J5 o0« L 10—15m/min, B} 8] 30min/d. Fifi)5 2
HE R 3 A T ST 1 1, BIVRI 3 1 174 L 5 02 5

www.rehabi.com.cn 295



Chinese Journal of Rehabilitation Medicine, Mar. 2020, Vol. 35, No.3

S K BB B RE T, O Sk R IR A o S/
min, B 5 7 2min H#HEIG 0 1.5m/min, B 2 )5 ()
VBRI : K FRIELa k22 3l , 78 Bl S H T 47545
MEEM G RT3 40) o 1057 i m H & B 3 (maxi-
mal treadmill velocity, TVmax) il /7 3 B [A] (ex-
haust time,ET) .

2 8 Borges 5| K 2 S 37 %) 7 s Al Hoy-
dal 5 N7 ) A BRI T B A el U R DA B T
S 56 %€ SHR-HIIT F1 SHR-MCAT 4 i &5 12 51 Jy
2. SHR-HIIT 41 : LA 80% TVmax 5 & 17} 538
Zf 4min J5 L 40%TVmax 4k %232 5 4min, 22 J5 KK
L E A 7K ; SHR-MCAT 4 : A 60%TVmax 5 J&
Fr4kiz 3l Semin. Wiz shAi #3585 R/, 3 8
Jilo RKINESG 48h i Ay K E PRI 2 12 3l fg
1.3 Sl He RO P

3TN ZRRT L AR RN ZR )G 72h, SR HJCA I
JEMAAL (BP-300, A )il B gl ke 1 (systolic
blood pressure,SBP) . P& FREFshH), #)FH#E 75 0 8h
X (Vevo 770, I ) Rl co iS5+ S5 0hfg , 250
i : 0> (heart rate, HR) | 77 % &7 5K AR W B 4% (left
ventricular end-diastolic diameter, LVEDD) | /' B¥
JE 7 (left ventricular wall thickness, LVWT) fl1 /2%
B8 (left ventricular ejection fraction,LVEF),
1.4 ShYch

O R 75 I A 5 PR i KBRS (body  weight,
BW) , iU B O E FF PR EE (heart weight, HW) , i}
SHW 5 BW FU{E, BICo I 5 4 45 %5 (heart weight
index, HWD) . Zr &5 L HA ML AL, T BYPLEF 4R
F)FEERIVLCHAL, T RIPLEFZER F) B4
KPR, — R A T SR PR, 5y — o ik
ATEE A ARIB S P AE
1.5 JLeF4ismi g

FIIFH ATP P e 2,75 00 5 B #% LEF 4R 262 .
BN A B T 4% K E AR [ E 8h, H KAy b
A YR (Sum) o K 4180 7 47 06 7k (pH=
10.6) 1—2h J5 HL R B B, B2 0 A 4K (Image
Pro Plus 6.0) W& MLEF4ESEAI (T A 1T A DA KA
Jifu s 7 T AR (cross-sectional area, CSA) .
1.6 BEEPEI &

B 200pg B85 LA KI5 B850 B ETE , % Sl
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W S A RS LAY TR
FRZ> wl A RS I %) 5 DA LU ey 0 - i LA A
2 4 Mif (citrate synthase, CS) 17L& it & /i (lactate
dehydrogenase, LDH) &%, ¥4V : U/mg pro.
1.7 Seitoth

A7 s 1 B 5 pn o 227 RO, >R SPSS
20.0 XPEHE A TG AN EE  PUZ ] FL R R A
B )5 225101 . 45 F<0.05, JUI>R ] Bonferroni #1712
IR W2 E N a=0.05,

2 #R
2.1 SEIR AR S — G 0 L S B A A i
S0 HATR] 454 K R t BRAR B i dL 6
E KM B DA SR AT R el AR 5532 S A A RAE
AR i BESE 55 IR . SHR-HIIT Fl SHR-MCAT 4 K
SUEEUNZrad B rp o i | R 2 SR, et s
TUSIBR, I e AR A 1 n=37 , i rp WKY 4 (n=
10), SHR-S 41 (n=10) , SHR-MCAT 4 (n=8) , SHR-
HIIT(n=9)
22 BEhEES
MR R T 200 B, & dlis shRe 1 VAR A
25 B S L (F=17.884,P<0.001), £ K
WK, 5 WKY 4H Ho s, SHR-S 4H ET 7 (P<0.05)
5 SHR-S 4H %% , SHR-HIIT 2 1l SHR-MCAT #41 ET
W (P<0.05) ; SHR-HIIT £H ET % T SHR-MCAT 1
(P<0.05). WK 1.
2.3 RE GRS M LR RS R S Dy RE
BT 200 8w, £ 41F% HR (F=0.168, P=

B &HKREE GRS 30K E i8R E (ET)

30+
{ #&
254
s [
2204
E 1
5154 T
10+
5 -
WKY 4 SHR-S#ZH SHR-MCAT#] SHR-HIT 41

1 - * 5 WKY 4 Fb# P<0.05; # 5 SHR-S 4 L # P<0.05; & 55 SHR-
MCAT 4 b P<0.05
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091N A SEMR L B R HA B EWE
X (BW: F=4.034, P=0.015; HW: F=3.245, P=0.034;
HWI: F=5.316, P=0.004; SBP: F=37.310, P<0.001;
LVEDD: F=4.316, P=0.011; LVWT: F=6.193, P=
0.002;LVEF:F=6.345,P=0.002;). Z&EWEER, 5
WKY 4 45, SHR-S 44 HW . HWI,SBP Al LVWT 1
h1(P<0.05),LVEDD FI LVEF F[4(P<0.05) ; 15 SHR-
S 4 % , SHR-MCAT H1 SHR-HIIT 41 BW #1 SBP Jii;
/(P<0.05) ,LVEDD I LVEF J}55 (P<0.05) . W# 1,

R1 BRI MEUROBERSINEE (i)
WKY#l SHR-S4I SHR-MCAT#| SHR-HIIT#]

A (1=10)  (n=10)  (n-8) (n-9)

BW(g) 355432 345+35  315+28"%  311%36"7
HW(g) 1.15£0.25 1.41£0.27" 1.46£0.29”  1.47+0.25"
HWI(mg/g) 3.23+0.64 4.19£1.15" 4.68+1.02"  4.80+0.91"
SBP(mmHg)  118+11  181£15%  143£13"? 149£12"2
HR (bpm) 376+39  388+47 384+43 379+50
LVEDD(mm) 7.46£0.66 6.13+0.80" 7.01+0.75%  7.13+1.15%
LVWT(mm) 1.60+0.15 1.97+0.20° 2.01£0.33”  2.07+0.36"
LVEF (%) 76.4£7.2  62.0+6.8"  70.4+8.2% 71.4%7.7%

11:DP<0.05, 5 WKY 41 H 42 ; @P<0.05, 5 SHR-S 21 L5
2.4 BESUEFYESST ) CSA

ATP B gL ta /R, S5 L T B ALEF 4 22 R
11 FRIPLEF 4 Ay i o, LI 2—3 . WLEF4Emn i S5 1
B UL 4, B R 200 B, B AL (F=
19.946, P<0.001) 112 & Fif L (F=5.212, P=0.005) JJL
Ui R ER A R EEE L, ZEILKRE
7N, 5 WYK ZH 48, SHR-S 41 e H il 1 78 JLef 4
L8/ (P<0.05) , T Y ILEF 4k Le 45113 i (P<0.05) ,
JI B 5 WULET 4 4 A O 18 2 A8 4k (P>0.05) 5 5
SHR-S 4 % , SHR-MCAT 4 kb H £ fjJL A & SHR-
HIT 41 L B A JJURI IS B gL T BY LER 2 Lo 513 fin
(P<0.05) | I Y JJLEF- 2 Eb A5k /b (P<0.05) o

BRI CSA AL UL 4 FTs . BRI ER 7 2247
Mriwon, b B L (F=17.829, P<0.001) FlIEE i UL
(F=7.115, P=0.001) ILEF 4 50 A R LA 22 57 A I8

FEHEN ., ZHEEERR, 5 WYKL, SHR-S
4t H fa HLAIE & HT UL CSA R % (P<0.05) 5 5
SHR-S #H . #¢ , SHR-MCAT #H H H 1 JJL LA 2 SHR-
HIT 2 bt H LA E B 15 AL CSA FF i (P<0.05) ;
SHR-HIIT 41 H H # LR 2 5 5 UL CSA 75 F SHR-
MCAT 41 (P<0.05) .
2.5 LHANUAIREHTILCS .LDH i1

FUR R I 250 Bow , H B AL(CS 16k =
8.635,P<0.001; LDH &4 : F~=11.413, P<0.001) Flfi%
B EIIL(CS 1E 1 : F=13.904, P<0.001 ; LDH {5 : F=
3.947,P=0.016)CS .LDH i& Pk SR b 22 R HoA
BEHEN., ZEEEE/R, 5 WYK4 i, SHR-
SZH b H fa LRI HT AL CS \LDH 15 P34 2 & PERE
K (P<0.05) ; 55 SHR-S 4 L%, SHR-MCAT 41 tt H
L CS i 7 T 7 (P<0.05) , SHR-HIIT ko H £ L AN
JE BT L CS \LDH {& P£ 3755 (P<0.05) ; SHR-HIIT
kb H 4o JJLAT RS 15 8 L CS . LDH 3 1 34 7 F SHR-
MCAT 41(P<0.05). WK 6,

3 it

AWFFERY 8 & P, SHR B85 BRI 2545 ,
Lo B A L L) 25 GRS 5 AR (1 Rge/b | 1 R
%), CS I LDH &1 T B, iz 3life J1 B 11K ; 8 J&i5 5)
J&i . SHR-MCAT 4 tb H # AL CSA T, T BUAILER 4t
EL A3 | 1 7R LET 2 e s /b, CS TP T 7 , SHR-
HUT 4 I H AR B T LCSA Ty, 1 BULEF4E
Fe s, I AL 4 e kb, CS  LDH J§ YL 7
o FIREGERELR  HIIT F MCAT % fE4 AL JE SHR
HRR U 75 T VLT 2 [ B 577 0 BG40, 1 i
MR FLZ SR ST, L HITRCR M,

o ILH B R BEC I AE KU ZEAS IS, SHR 41
HW HWIAI LVWT 3411, LVEDD F&AI%, B2 81 A i)
O PENE R, B2 B0t e N IR (LVEF T %) ,iz3)
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e Evers S g
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B2 tLE&AAA%ATPERRE (x40)
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ﬁ 100
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;% 80
w60
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40
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0 -
WKY#l SHR-S#] SHR- SHR-
MCAT#{  HIT#

1607 —1m BB
1401 I
1204

1004

80

LT 53415 (%)

601
40
20

0 -
WKY 4

SHR-S 41

SHR-
MCAT 4

SHR-
HIT 41

7+ 5 WKY 4 Fb P<0.05 ;#5 SHR-S 2H 45 P<0.0557P<0.05 5 HiAth =20 He g

5 ttB&AARE BRI AEE BT E AR

6000+

. F 0L
E=g=npillk
5000+ #&
T #
4000 . I
B ) T #&
53000 - X
= T 1]
w0
© 2000
1000
0 T
WKY 4 SHR-S#i SHR- SHR-

MCAT# HIT#4H
T+ 5 WKY 4 L P<0.05; # 5 SHR-S 4 F#8 P<0.05; & 55 SHR-
MCAT 4 kb4 P<0.05

fif JIREAR(ET FFE) . 8 JiiZ sl T1i)5 , 5 SHR-S 41
%5, SHR-MCAT F1 SHR-HIIT £H .U I HE J& 7 J3
(HW . HWI A LVWT) - Je A, B4 78 I 20 = K
A5k (LVEDD ¥4 , $2 73500 JJE & A O R S
FLHL 5 32 Bl 0 I Hi A 38 A 2™, T2
REIG SR (LVEF ¥9m) , 808 FA B AR . B
)3z 5 7 33 BE AL AL 8 SHR O AL g B A K 1)
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5 I B O IR 254 5 D Rg sz 4040, B kL A B
(A ol A R 3 SR 5 L R s 32 Bl N T A7 1) EE 2
P ZEARRFSE, 5 WKY 41 He 4, SHR-S 41 kb H i1
JULAIE B AT L CSA 23501 T % 16.3%F1 12.0% , #& 78
PRI LS A LR W4 . e R i B A0 7
TR B PRI e B L CSA S TR [ 9.7—
16.5%, 5AM R —3. BHRIZESRSZR - &N
fif 1A 2 4t (ubiquitin proteasome system, UPS) 2 J&
BOE A S E A A RY, 88iz5h )5, SHR-
MCAT 4l Lt H #a L K SHR-HIT 41 b H fa LA
HHTL CSA T, BB MCAT {75 518 JILEF 4 AT
K, T HIIT [FIEH7 SRR g LI R . XO= i T ILEF
e AR N S Bl O L, 9 AR Bl 5
12 UL, Bz Bl o B2 38 P LA dE 2 gk 4R . A
WS R B, 3z B O 5 5 B B LA RE S5 1 A
ARV, 21T 98 UPS Hr ) SR (AN LN 246 2R
11 (muscle ring finger 1,MuRF1) LNZE4E & F
£ M (muscle atrophy F-box, MAFbx) , 2k 2 i ifil )L
R 1A . o5 — 7 1T, 38 3lid BESAIE U 2 b4 AE
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6 Lt B&A. EERITRER S ERN SERREE

g
=

] CS ta
gLDH W HE R
fé 1.6
g #&
5 1.2 ‘ | #&
& #
Z 0.8 %
e %
0.44
WKY 2H SHR-S ZH SHR- SHR-
MCAT 2H HIIT4H

2.0

CS{fPE JiEZ=ginpilIN
LDH ik
%g 1.6
@
%‘v
531,2- N e &
~ %
Z 0.8
sl *
\j’g
0.4
0.0
WKY 4 SHR-S4 SHR- SHR-

MCAT4H HIIT 41

75 WKY 41 FbE: P<0.05;#5 SHR-S 21 Hu 48 P<0.05; &5 SHR-MCAT 41 Hu 45 P<0.05

T L R s U DL 5 A A e, i
ZAEm NN TR . ASBF5EH, SHR-HIT 41 b H L
CSA i F SHR-MCAT 4 . Z W57 ¥4 8 /"5 HI-
IT X5 #% L UPS (AR5 LA KA R B9/
BT MCAT A, iXAE— & B g 7 HIT X8
BRI RAE LT MCAT,
HHUVILEE e — o0 T AUEN T AY, T A4ohE
WL, RS 5 A A, L5 12 8h A F & 1
I RILEF 4 5 [T BSRPAL, 225 5 ) a) e A AR
i, Iy R 3 H iz o 51 I R ILEF 4 5
Bt 2R MR 2 AT i RS LT 4k o A
AR AEAHFSEH, SHR-S 4 Fb H AL T R ILET 4
Fe oL, TR LT 2 b 38 T, 38 s Il F2 285
M 2 FULZT- 24 B 48] - 012 4 LT 2k 1) R 45 L 5 9% 57 W 784
et KR 1R I F SR B 9 55 i Bl ) T R R
JRPH SR Tam S A RF5E 0] % B, SHR H H AL
I BURLEFAESE 0, AT B -5 i A [A] 47 ¢ (Tam 5528
18 H iy , AHFEAN S H i) o AW R RINUILEE
Y A1) B AR TG B AR AL, {0 CSA TR R, AT AR AL
o T 12U ALET 2 26 B vl BB 1 3 kb iz
Bl X WUEF 4 28 T () 52 ) 1 TG 8 18 . FR BUR
MCAT A1 HIIT ¥y 0] $it & 1 B ILET 4 Eb 4= {H R
ALER BN HUT J5 0 RALEF4E3g i, T B/ e,
CIN RS RHIE7 kSN NS B 1YY S 7=35i e W N e
Ko AMFGEAH ATP B4 (.75 &, SHR-MCAT 41
ke H £ LA K SHR-HIIT 26 e H £ LA B R L 1
RUNLET- 2 L s n . 1 79 LEF 4 FL g b, $27R AR [H]
iz 87 S RENS I S LT 4k 1) % 57 W R B4 Je |

H MCAT (A FH 12 LT HILT W)X A L34 4 5%
M) , X — P0G [FIRE T bR g N iy LT RS2 Sy
RSB o) 95 A S R A B S & S B M kT 7
y i F AL RHA IS FE TS A2 BT LR T 1T (per-
oxisome proliferator-activated receptor gamma co-
activator 1 o,PGC-1a) & NIEF Qe 0 SCHES 5 45
¥, PGC-la i FIkH T BUILEF4E T, [l b2k
LA LE W6 B AN, T RER PGC-1aJm 1 BYJJLET 4k
A NN | e

SHR 125 4 LA K 2T 4 28 T B 70 e 255 B00H i
WURIEHBE ) TR, CS 2B #NLS SA7 S ln K
Sl , Rk i A EATRE ) DA SR A B 1
FAG o LDH 2 A O U A 4 SC SRty , HCTR M S iy
#EWLICEABIRE ) . TEAIFE T, SHR-SZH L H
JIUFIIE B AL CS LDH {6 PE 5 WY K 41 8 35 PEF%
I, AP AR LA A TR RE X2 B . 8 A
i85, 5 SHR-S 41 [ 4L , SHR-MCAT 41 1t H £ filL
CS P FH i , SHR-HIT H H fa LR B Hi L CS |
LDH {4 T4, 378 MCAT (4R =18 LA 401 it
AE T, T HIXT D0 s bR LA LAY A 4R Do U Ll
KA X PN FEE XA FRE SD KB I SE 45 R —
o BFFE R, HIIT A [6] I SGE AR A7 8 1 TC
Sz ey, T MCAT {3 A7 A RE 1. HIT iz
Bl R  WHERE AR B TR TR AU, s sh b iy
AETE 2R I T 1M 2128 11 (hemoglobin, Hb) 45454
Y F) | #5 B2 AILEZ (phosphocreatine , PCr) 43 LA J
JCAATE AR, WG 5231 RE 0 JIG v 20 P 58 (Hb FHT 46
B LA B PCr A5 ) , i PCr PG LA T 1 1
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(R4 Y DRIt HIIT T[] B 3806 A 460 FD G S ik B
ARG, Iz g NURB LIRS 55 4 | PRt HIDT A []
FALEHR A TR A RE 1 3915 8 el
HARER R, AiE 8 7 k% SHRIZ 5
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