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Abstract

Objective: To study the influence of acupuncture on mitochondrial structure and function of skeletal muscle in
rats with heavy load exercise, and to explore the effect of acupuncture on the recovery and prevention of exer-
cise-induced skeletal muscle damage.

Method: One hundred and twenty-eight male adult SD rats were randomly divided into four groups: control
group (C, n=8), exercise group (E, n=40), acupuncture group (A, n=40), exercise and acupuncture group (EA,
n=40). Rats in E and EA groups were subjected to an eccentric exercise, and those in A and EA groups were
applied acupuncture treatment immediately after exercise. Each group was further divided into Oh, 12h,24h,48h
and 72h sub-groups(n=8), and at each time point the soleus muscle was collected under anesthesia. Mitochondri-

al ultrastructural changes in skeletal muscle were observed by a transmission electron microscope. The content
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of quantitative enzyme citrate synthase(CS) and the activities of mitochondrial respiratory chain complex I and

IVwere measured by ELISA. Protein expression of skeletal muscle COX I was determined by western blot.

Result: The protein expression of COX I in skeletal muscle was up-regulated after acupuncture alone. After the

heavy load exercise, the mitochondria structure appeared the typical abnormal changes such as swelling and ac-

cumulating under cell membrane, and formed a large number of mitophagosomes. The content of CS, the activi-

ties of respiratory chain complex Il and IV and the protein expression of COX I were significantly decreased

(P<0.05). Compared with the exercise group, acupuncture intervention significantly promoted the recovery of mi-

tochondrial ultrastructure, induced the formation of mitophagolysosome, alleviated the reduction of CS content,

increased the activity of respiratory chain complex II and the expression of COX I in skeletal muscle.

Conclusion: Acupuncture can promote the recovery of mitochondrial structure and effectively increase the num-

ber of mitochondria after heavy load exercise, thereby alleviating the damage of mitochondrial function within

rat skeletal muscle.

Author's address School of Sport Medicine and Health, Chengdu Sport Institute, Chengdu, Sichuan,610041

Key word heavy load exercise; acupuncture; skeletal muscle; mitochondrion; respiratory chain complex

CIRrE AT SEYNE S [) 2k DI SRS
s (] A1/ K AR far iz 2l R B0 as s s BRI
21 4 2 H B4 473 (exercise-induced muscle damage,
EIMD) , ‘& 7] 3 A% 4E 3R 14 LA 2 95 (delayed onset
muscle soreness, DOMS) FIJL 1 T &, AT 52 A
IR BN H B A o IR RS s KL
KT EIMD K AELSI KB ia Irik o, wi
IR IR, 4 8 KA A iz 3l ] S B0E- #E LR TE
LR SRR, KNS — 5 JILEF 4 N Zobr (A o ik L 05 743
B, R T E SR R kLR
SR SRR BOL I RERE AT, DA T 52 0 i 4 UL A 2
AE , 1T ) S 2 S N R BRI 7. A SR
57, X IRE S s 1 B PR A Eldii g . AL,
PRFAEHE KA 732 BN 5 ) UL s F e &2
T FT-Be, & H ATz sl B2 B i BRI A

T AR AR G TR —  TEIRY T LA
SRR HE LA D REVK S Ty TH] s A, 20 g
TOAEA A, 5 SRR A e B AR B Hh A o R AR
R IRTT LR 55 B B AR , B2 R AR ) (R
D) Jy T AE A S T RAFAIRITRCR
Je 8k F o oc S IR SL AT I BB AS IR T LN 4,
G KA iz 85 DOMS, AR EE- B REIK &, 1M
H S REIny 7 iz s LA ST, b b B %
R HATIE AT K0 m s 2 sy
FH P SR 3 oG A ARR T3 BT R BT AT A
M KIS B0 5 B LB S B 1 0 2R el A
TSR A A Rl A A5 AR A7 fif i

902  www.rehabi.com.cn

E AN E SR E O AR B

Ko W SE g0 45 R W] EIMD 1) & 4 5 & 85 L
A N 2R AR D) RE MU A B AR S UIR &R | AT
W FE 32 Sl % 2R AR 1) B 1Y 52 il jE A 22 A A1) B
Mo B HTA TR A R e ] /B 5 i B s Bl |
ML PR REZE AL , O Ah RE AU AT (LR AR L 5T
Ca™ 2% 151 % 7% (reactive oxygen species, ROS)
()77 A R AGE 7 P AT AL (mitochondrial perme-
ability transition pore, MPTP)FFjif . i T- A& F
(AR TIC A 3 o I T SR AR 11 3 A5 DA T 4 21 13
Bfi EIMD B 54k . © A SCHRIRIE , Sk AR nT i 55 57
S 1) sl ol T R IR A R | S B e A R A, 2 1T
SRV EAE SRR, B, Bl Ak
firf UL X6 2 R0 AR I 55 Tl e 5 EIMD ¢ & 9T, A
SEgRHE 1 N K AT 2 B S B a0 3
R, FFAEIZ Bl I B2 0410 9, 3 4 A o)
LA R Z AT R 75 KT B s ILZ R A 1 2 31 2 i
FH 53 HAE FABLR, SRt il 10 i LA A iRk
52 RIS B i — BRI ARHE -

1 #R5HEE
1.1 S Eh) K s al

8 I HEME SD KB 128 L, 1A 221.77+7.32g
(B% 9% : SPF 9, fifi /P AT iE*5- : SCXK (57%)2012-
0001, b 5% 2438 | 42 S5 B 1 AR AT PR mlE ) o
FARAER BURDE 7398 1 37 TR & R =R 250
HUL B 5 N L ARSI R T K228 sh R4 505618



FHAEGES 1L 20184, 55335, 55810

PR G oottt R4S 2 AR EE 40%—70% , Tl B2
20—26C, Z A 120 BIGE A shidiHe, A hHk e oK.
AL R R HLE 72 15, A B) Excel FEAL 3 41 7%
JPR T A R RGBSR 3 K543 0 4 4 - 25 U6 e
2f1 (Control, C) .H.4liiz 841 (Exercise, E) . H 2%}
$ 2 (Acupuncture, A) Filiz 3l £ # 4 (Exercise +
Acupuncture, EA)., HH B4 A% EA HH 5T
TG AN R RL L, 34T BRZI4H , T 12h
4, THUG 24h 41, T H5 48h 4 A1 T 1l J5 72h 41 .
ARSI LS R 16 14, R 8 K, AR 1.,

®1 ZRHWHAE (n=8)
SSENIRAL LGS E ARl EShEHRI
C EO A0 EAO
E12 Al2 EA12
E24 A24 EA24
E48 A48 EA48
E72 A72 EA72
1.2 B %E

KEIIZER N s sk rigsh. rfia
BN RIS STEE SR T A T D B A IR 3
K, EAZ R 56 1 KIBESE 0°, 16m/min, Smin; 55
2 KRB 0°, 16m/min, 10min; 55 3 R .

T N 2R JE 56 2 RIFUR IE2RSE 8 . A5 i
7 %2 B8 Armstrong” () 55 Uiz SR SR IR 22
PR S B, B G R R -16°, 3 8 16m/min, ia B}
6] % 90min.,

1.3 %

TE— R K2 sl RRZI % EA 41k BG4
900, RV A 2T LAAH R A BT JAb B . 15 4
KEUF X FHAUF Bk 176 58 , H B4 0.25mm A9 £t
RRAF DB R, HE 25 WAl (1) 7 2009 27 2270002
SR R/ IVER =Sk LA 1), Dz v sk AR A
FE2)30°) ZF /MR =S UIUIE , - B4 £ 2min'™
1.4 U R Al 5

Fie BRSBTS ) 85, o R BR A PR 5 I
T 10%7K A 5 (3.5ml/kg) BRI , 18 3= 3 ik EUIML
HH S KR L B AL, F T R R BR O AU A s
ZEA L, BTELZI[ 1< 1< 1 imm B/ N H AL, SRR T
N ACTIV 14 2.5% 30 19 1 5 W, T s g Aar il
FEUIHC 100mg Hr 6 14 b B £ LA 25045 N PR E
JG , i FH 28 = K sh ) 4] 20 2 k0 1k 43 5l 50 &

(C3606) , 4 Rt ia 1] S idd B 13 22 3 B O B BB 5 AL
LRI, BERD I AGE R R A7, BB ZRbr 1A
0BT IR 5 PO -80°C VK AR 15 0 £ 47 1< il
e e, AR AR B A US AR
R, 255 T -80°CURFIARAE , 451 -

1.5 IR bR S ik

1.5.1 BT BB BB IR A i s 1
7284k < B e AR LN 2.5% Fl 1 T 1 72 T E
s, B S A 0. lmol/L W FR 2% vhif vh v , P FH 1% 5k R
J 52, F 0. 1mol/L B2 28 i Fi- Uk bk S5 647
IK (LSRR E S 50% . 70% .90% . 100% ) , IR
JI§ Spurr A3 J5 oK JLGAD , il SR U R, A R AL
Ul AT RRET RS R TR B TS A
SR LR AR AL

F—sk W) A, Je TR A PLET (x500—1000)
T B X, 5 T R A LT (x2000—8000)
WS IR A 4, B DM ER ORI Al LR/ B
A I B ZERE WA IR AR TS
1.5.2 [ S e W itk (ELISA) K6 He H £ Lk
IRAT B BR 6 BB (citrate synthase, CS) & i LA K&
PP EE A AT VIV A G 1 - CS 2Rk AR B (10 2
AR . R KB CS ELISA 23 Hrik 7l & (3
USCNLIFE 2y w)) KM Eg ) & 1. edh, R K R
W2 M4 1T ELISA 43 A iR & Fn W ik 42 45 14
IV ELISA 43 #iaf1 & (€[5 Abcam 23 1)) PFAk 4 fi
PRI 55 D g o il 20 B8 7™ A% F4c B ELISA 12l 7
SV T
1.5.3 &%l (Western Blot) J7 2l & He
HaNLCOX T M8 A & & PR H H AL E +
BRI AR, K 2 SRS A R I 42 B 1Tmg 41
I A 10pl 24 A7 W5 0 b B UE AT 2 AR, T DL 4C
12000g 25.C> 10min, B35 . HI BCA & @ &k
I B TR IS G — R AR R R —
o RIG L4 T B A Sx EREZE shil, 98°C & il
Smin,

ILE A3 e R AT IO RE S IR < B b AR 20p/4L
AW 1.5ng/ul. BlJE 1T SDS-PAGE HLIK , Hi ik
J5i % %5 PVDF I, B 20— — B a Jn A BRI A,
1% 255 (3£ [H BIO-RAD A w])H A% . BBk
Anti-COX I (F£[E Abcam 723 7]) . Anti-GAPDH (3

www.rehabi.com.cn 903



Chinese Journal of Rehabilitation Medicine, Aug. 2018, Vol. 33, No.8

Santa Cruz /A F]) . Goat Anti-Mouse IgG(H+
L), HRP(AL A2 A WH AR A FD o [ Gel-
pro BT B 45 K BEEAE, R SRR B 1
EA/NS A IEHSILEMER COX 1T/WZ
GAPDH.
1.6  SEil2#ir

T AT E 0 DL S8 bm i 227 FROR | e Ab #L
FHSPSS 16.0 itk gt SEoe g R WA
R 5 25570 A FRR R CLeiont B Atz Bl gl
BYRIFNIZ ST ) FIEOR B[] [ 2 (32 8l )5 Oh 12h,
24h 48h 1 72h) Y FE KON LA R A8 BAE FHEA T
G3HTe A LA BRSSOV GE i Al TR Ry 25
OYMT, 270 22550, SR F LSD vk A 7 535 S A 36 s 45
ZENHLFVE DR it by B0 % 4 22 55 PR S PR S
Tho X FASRE G ¥ 28 57 P (6 An Bt , B ER A
Tamhane T2 G4 R T0HT. P<0.05 B E
PE2E S, P <0.01 MEH BEVEZER

2 #ER
2.1 BRI S

ARSI 375 S HL B AR T — R K A7 o 38 5 S
Bt LI AN [T R RE H- ULS R AR T 25 4 1 22 4k,
Bl 1w, OC AR U AR BRI 5 A F Z 26
W, VB 45620, bR S KR RIE s R R, A0
LERH B0 AWK (SUZ RS ) . QA R RAEET
S B 2B LR AR AE LIS R R R R I 2, K
INER R ¥ — o EFRIS 120 Fl24h (U T ZeRiiA do s
T 22 R AR KNI — o ET I 48h Fl 72h ok
R AR I — , KN — | 45 B ARSI A DL B 5t 1
AWEAR . GE 41K BUTEZ sl 5 B 2105 L 14 4y
AT AU R AR 2R T R AR K b K
A WA D (CanE FhbRiR) o 285 12h, Z 83585 W
24 BRI AT AN 5 IUBE T 2R R R R
A KA A WEATE B, R AR ik, 213, R AN
IF) 2R B 1) WA, e s o (AR 95 49 45 o T T

B85 24h, Z BTG U 2k (g5 it i /b
LRARTE A BTk, AMEIRAE D 1280 J5 48h 28
R TR H IG5 2 N, R EL 5 40 B A/ )N
T2 85 120 RBL, [FA A WA 285 72h
LARARIIE A O S IR 215 K, RS
AR AR . @EA 41K BRUFE IS shEr s B 2L
JEEF SRR 2 TS SR AR R b K,
Wb s ARG 120 SR ARSI 5 5 Ry e,
R RLE B 5 120 5052, U T 2ok A B 2R il
b ARG ZRRLAARA AR, B WA 5 B2 Y Fr s iy
IRELETE B A WE A . 7832 ShEFfIlJS 24h F148h,
N2 3 20 7 1A 1) 245 #4126 3457 1) 1E 5 25 R PR A2 1) R
5] L/ ) A WS A . 38 SRS 72h, 2k
PR EL ek 3 IEHIRAS  AROWER 31 B 210 B AR
I Wi AR
22 CEEEIZRIR CS SRk

S AR R (R2), 2 X A (C4)CS &
o (11.327+2.474)ng/ml, DA HAELLFH)S CS &
AR RIS IR i R A S c Al
HH Y JC W B 25 5 (P>0.05) . EFHilJE CS & H#H7E
12h 38 e KA, L C AU £ T 23.2% , L5 1% i
/D, 48h A 72h BEAIE T C 4l . QEAIfEiZshIE A
] EF A L H A L2k CS 15 i 5 IS/ )5 1
TN RE 2 ARG T A AR R B R) A5, P e
12h Fl1 24h 22 53 HA 351 (P<0.05) , HAEZ 85 B
ZIF124h CSEHIBIBALT C41(P<0.05), BEAL
LS CS F i S A St SE i/ G Z ke 3
A5 AR XA W = T B LA s ] (P>0.05) , T FE £
I J5 BIZIAN 24h CS 7145 C 4B B/ (P<0.05) ,
FE 12h f124h CS FE A BT A4 (P<0.05).
2.3 CHERIZRARN A S AR IV IEPEAEfE

S HEBR L A AR AL K 2R AR I B 42 A5 (A
WEPERRZ , H AT SCHERE FH = RIRER T Y CS B i
XA TG T PR AL o, B AR TE
PR AL S I SC IR A5 R R (38 3) ,C 4120 0.109+

Fx2 BEHRHHNEARNESRNENETRRARESETWL (xs,ng/ml)
ZH Oh 12h 24h 48h 72h
A#H 11.270+4.716 13.954+3.992 12.474+3.943 8.033+2.013 8.414+1.870
E41 6.135+2.423" 6.658+2.690% 5.656+2.216™ 7.396+3.547 8.408+3.554
EA#] 6.733+2.265" 7.504+2.1592 6.358+1.900" 8.813+2.943 10.071+2.045

15 CAAH L, DP<0.05 5 48] [R]— R TE] A, 5 A 4 AH B, @P<0.05

904

www.rehabi.com.cn



PHALGES 1L 201848 5533445 8 1]

E1 B3 R#REAERBEAEBMENS BEERENL (x2000,80kV)

www.rehabi.com.cn 905



Chinese Journal of Rehabilitation Medicine, Aug. 2018, Vol. 33, No.8

0.016. MDA HAEAPRE S A0 6 PR i |
BRSCREAIR 5 T i 3, 25 i A 5 C 4 AH H 35 e B
BEF(P>0.05). AHAEERE RN ZIE AR TG
PE AR 2 f/IME , FRET 15.6%, 12h JFEETHET , 72h
WE 2 CHKF. QEATEs )5 RIREHIRE A4
I RGP BT et S, Hodhiz 3 f5 24h 41 5 C 4
iz 8l Ji 12h,48h Fll 72h 2 AH b 22 57 2 3 1 (P<
0.05) , IEAI E 4145 B AR AR A 2 AH I B[] 555, 78
24h 4 25 5 HA B &1 (P<0.05) . EA ZH1EAFH
Ja B A I 36 P A A S B R AIR TH A R
WA R T B ALAR R R ) A, 76 24h 4 22 R A
W E M (P<0.05) . EAKCAHMANZERIIILR
FAER L (P>0.05).

FR, ARV IE AR5 1 L0 25 R 8
TR(F24),C4H0.274+0.060, DA HEA G E 4
PRIV B T P B AR 1 S e R AT T e Ay R e, 25 s
S CAM L TEI B 225 (P>0.05) . AR A1k
IV RIS PEZE AT H S 120 BEAR 25 AIX, M
T2h Fh B, L CATHE T 23.0%,. QE 47z
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