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[ Abstract | Objective: To study the effect of Lycium ruthenicum fructus on the expression of MAPK

signal channel protein and antioxidantive stress damage capacity in skeletal muscle of rats with excessive training.
Method: Equivalent load aerobic training and high intensity endurance training rat model was established. A total
of 50 49-day old male SPF Wistar rats were randomly divided into 4 groups, with 12 in each group (the rats that
did not meet the requirements were removed ) : control group ( C Group), aerobic training group (M group),
overtraining group ( OM group) , overtraining and Lycium ruthenicum fructus group (LM group). The dose of LM
group was 4. 48 mg-kg ™', with ig volume of 5 mL+kg ~'. The other groups were given equal volume of saline. After
42 days’ exhaustive swimming training, mitogen activated protein kinase ( MAPK ) signal channel protein
expression and antioxidantive stress damage indicators in skeletal muscle of rats were examined. Spectrophotometry
was adopted to detect activity of superoxide dismutase (SOD) and content of malondialdehyde ( MDA). Western
blot was used to detect MAPK signal channel protein expression. ELISA was applied in detecting content of 3-
nitrotyrosine (3-NT) and 8-hydroxy-2-deoxyguanosine (8-OHdG ). Acetylcysteine method was adopted to detect
activity of creatine kinase ( CK). Phenylhydrazine chromogenic method was used to detect activity of lactate
dehydrogenase (LDH). Result: The exhaustive swimming time of M group was longer than C group, and that of
LM group was significantly longer than OM group (P <0.01). The SOD activity in M group was higher than that in
C group, that in OM group was significantly lower than C group and M group (P <0.05), and that in LM group
was significantly higher than OM group (P <0.05). 3-NT and 8-OHdG content in M group was higher than that in
C group, that in OM group was significantly higher than C group and M group (P <0.01), and that in LM group
was significantly lower than OM group (P <0.01). The LDH and CK activities of serum in M group was slightly
higher than C group, that in OM group was significantly higher than C group and M group (P <0.01), and that in
LM group was significantly higher than OM group (P <0.05, P <0.01). The expression of p38 MAPK and ERK
signal channel protein in M group was higher than that in C group (P <0.05), and that in M group was lower than
the OM group (P <0.05) ; that in OM group was higher than C group (P <0.01) ; that in LM group was higher
than that in C group (P <0.05), and that in LM group was lower than OM group (P <0.05). Conclusion: The
supplementation of Lycium ruthenicum fructus can effectively alleviate the imbalance of the inner environment
caused by overtraining, inhibit the excessive expression of MAPK signal channel protein, activate antioxidant
enzyme gene expression induced by skeletal muscle MAPK signal transduction system of overtraining rats, improve
the capacity of scavenging oxygen free radicals in body, especially skeletal muscle, regulate the antioxidantive
stress damage capacity of body, and prevent and delay the oxidative stress injury and the occurrence and
development of the sports fatigue.

[ Key words ] Lyctum ruthenicum fructus; overtraining; mitogen activated protein kinase signaling
pathway; protein expression; antioxidantive stress damage
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T A2 B ( MAPK) {55 3 G0 7 AL A X 20 58 7 380
R 7 e 4 5 BILAA I R AR - S8 Ak 1 3 25 P IR
BREEFELENEN . A SCLLAEE 7 A iz gl
SRR i BT 3 YRR B R RL SR R & 4. 48
gokg ™ od T SRR A AL T HE AT B R T, A6
20 % - H R AL W) B AR I (SOD ) W M RN
(MDA) &, 75 [ 5 % % B3k ( Western blot) 32 5
MAPK {5538 i 8 (3R A & i o SR04 su B R d A
38 o O B I 25 R B % L MAPK 5 5 5% 3
RGP E LB R 2R 5k, R T PR 0 B A AL g
71, TR R0 AE % AR Ak R A 1 Sas s o i R R S
K JEBIHLEL, 5 7E Ry Hoilfs R H] 32 AL 3R ARk 4 .
1 #a
1.1 sy 50 HiE g% Wistar KL, P, 49
d, A (249.6 £14.1) g, b H KRFEEIRELE hY)
Bl A A% AIF 5 SCXK ( 57)2006-0008 , 52 5y 4+ i
S IR B PR AR AE (22 £2) °CRH X 3 45 1
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YIZREF ] A 42 d, iy SE g i 58 345 & b E e B 2
A KBTI 4 S R
L2 iy ks BAMALFAHEE(FES
TS A PR BR A AL b5 20150814 ) , BRI
AL HH AL S BB KA R WA TR 2= B A W e 24
R AR K E R B Y B M AL F Lycium
ruthenicum W TR, K T BRI T IR
Wk A T R 1 g mL T TR 4 °C UK A
R A . p38 MAPK oA ( K 7 i Ak 4 B 1%
AR T L 20150907 ) |, 41 i A8 5 98 15 2
fitt (ERK) $i & (28 58 A= ik 7 A R A AL S
20150909 ) ;MDA ,SOD, JJLER i ( CK) |, L2 Mt =0
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RT2200C %14 [ 3l 4 Ak 70 A A (6 = AL 2 A))
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5 mL-kg ™' H AN ig S ARBLAY A FRER K

2.2 YR s ARG, B KT 1 E il
UK 60 min s JRIR AR - 151 2H 2E AT 88 1 97 o % UK 0B
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6 d,fRkE1d,

2.3 fRBRIGE  SRHAT 2% M8 I HE A TR TE R
YRR N 25 J BV 220 %6 R B AT BRI, 7 5 7 R B
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KW E N 1 mmol - L1, I & F ok b LAEFRRIE. FR
IUHERA L 100 mg, DL 5T -2 fff AR R 129 1% Eb 451 fin
AZHHW 5 15 000 r-min ' #1751 3K (KIMBLE H1
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PRI LT F1 A (BSA) X BRSL . AF h DA R £h 22
il (PBS) % Bé. #FE b :BCA TAEW 1:8, IR )5
37 CHEE 30 min, BEHRAL 570 nm P EKOGRE A
LA RIPA PR 8 IR B, A 5 > 38 R 5 22 vl i )5
PSR N 4 g- L ORIFIRE S BARHE ) o &
PAEVE 5 min, HEM WU B JE 4 g L7
2.6 Western blot %Il & p38 MAPK,ERK % [ 3kik
A H 0 8 F A o BT &, Be ] 12% 53 5
JE e i s vk A 5% o K SRR R 46 I E TR
90 V, %y 20 min; 3 & fH 160 'V, 38 o 7 Y 4
Marker DL 2 HL UK 45 1k B[R] o >R M 5% 05 6 B
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JEE(NC) L EERF R 1 ho %% 8 58 15 T 7 21 9% a4k
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] 30 min J5, ] 3% BSA-TBST i B —41, &= i
BE 10 min 4 CHI %, p38 MAPK —4i# B L
1:2 000, ERK —HiHi BE Lkl 1:1 J7, K H ,4 C
O B AE = R F 30 min, TBST PR 5 K, Bk
3min, YRR HEAT W E . H 5% B U k-
TBST % B¢ 40, I F P /PR AEERE T G (1g6)
(H+L)HRP,1:1 7,25 % $% 40 min, TBST P i
6 ¥, HK 3 min, ECL 2|8 L5 KM 3 ~5 min,
J6E B 210 s ~ 5 min (B ' I [R] B A [R] O 9 B2 1T
PR W 2 min, E R, B VRGN TS, FBE AR
AR R GAA IR, FEH] Quantity One #X1F L BRE 5§,

G3AT Sk K B, 38 5 B AR & F1/B-actin, 15 F] H #5
AR AX
2.7 geitsEar SR HAI SPSS 19. 0 B4t ir A 4L
PEEAT AL B B L & £ s Fon, 2 4L 1R] AR
P2 25007, LA P <0.05 W ERHS %3 X,
3 #R
3.1 xFREz3hEe Iy Mo L SOD i ¥ F1 MDA,
3NT,8-OHAG & &A% vl i vk B 18], A 4011
A BIE R HY B ALK (P <0.05) ;3 Il ZR 4K
TIEHA(P <0.05) FA A4 (P <0.01) ;%
AR T B4 Bk BE I SR A W3 R (P <
0.01), H#HL SOD 1% P, A S Il 2R 4l W& = T 1E &
M AR BA G 5 S5 2 BE I 25 20 38 0E W 4 AV R
YIGRA W B R FE (P <0.05) s BRI A S 7+ P 4L
PR 2H % TH s (P <0.05) . & #% )L MDA &
i, A QIR AR TR R AR B gt & i
FEYNZ 20 ¢ 1F % 20 R A I 2R 20 W) S T (P <
0.01 ) ; 28 240 AL F T 791 20 e b B I R 4 i 28 B IR
(P<0.01), F#M 3NT,8-0HdG & &, A A I ZR 2
W TR A, AN B &G 3 X B I 2R 3 0E
WA IR W] T & (P <0.01) 5 BRI AL 1
T B FE IR B AR (P <0.05) . W& 1,
3.2 XPRRIMYE LDH,CK i&PEpy5mm  iiis LDH
W, ARG FIEF A, B RS THE
JE I 25 20 0 0E R AR S SRl B e T (P <
0.01) ; I i A+ T W2 5 2 B I R A Wb 2 T o
(P<0.05), IfiiE CK {f ¥, A I hding & 1E#
A ETEGE TR i BE I 2R 4] 45 1E R SR 2k
AW THE (P <0.01) ; B IR M) AS 1 10 41 A ook
IR B E (P <0.01) , Wk 2,
3.3 X RECE# WL p38 MAPK,ERK & 1 %5 5%
M A ZHAEAS B ARG I Y p38 MAPK, ERK 15 53 %
mERB, AHRINZGHRE S TIERA(P<0.05),
T EUGRA (P <0.05) ;53 NGl im T %
(P <0.01); BRAHM AL+ T WAL T 3 B 204
(P<0.05), W33 KK 1,2,
4 itig
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*1 ZHRERWIEFIAXRIENEE IR BB SOD iF1%E,MDA ,3NT,8-OHAG S EME M (¥ +s,n=12)

Table 1 Effect of exercise and Lycium ruthenicum fructus on rats’ exercise capacity, SOD activity and content MDA ,3NT and 8-OHdG in

skeletal muscle(x +s,n =12)

H 5 I 1 3 i Bk ‘B H#5 L SOD B H#% L MDA BHENL3NT B H#E L 8-OHdG

7 /g kg ™! 5} ]/ min /U-mg™! /pmol-g ™! /pmol-g ™! /ng-L7!
B R - 85.5+13.2 374.651 £58.281  24.365 +7.402 47.745 £20. 681 12. 164 +13. 681
A% - 105.3 +14.55% 379,673 +46.249%) 23.227 +7.452% 51.425 £22.426%  15.742 £11.784%
o I 25 - 73.9 £12. 4" 293. 635 +37.328"  38.391 +10. 174% 85.123 21.316%  40. 647 9. 328%
MR T T 4.48 114.6 +20.3% 344.725 £40.246%  29.234 +9.613Y 61.263 +20.416>  18.105 £10.551%

T SERALEYP<0.05,”P<0.01; 5 BEIZR4 LY P <0.05,Y P <0.01(£2,3 7).

*2 EHRBEFRWIFNKRRME LDH,CK EFHI M (x £5,n=12)
Table 2 Effect of exercise and Lycium ruthenicum fructus on LDH and CK activity in rats’ serum(x +s,n=12) U-L°!
20 5 /g kg ™! LDH CK
7 DUBd - 313.61 +18.21 324.35 +17.02
RNl - 339. 67 +16. 24" 342.27 +14. 529
it B I - 453,35 £20. 322 448.39 £20. 172
BT T 4.48 344.72 +19. 24 359.23 +16. 13Y
*3 EBEHRERMIEFIKRREHKMN p38 MAPK,ERK EEREMFM (v £5,n=12)
Table 3 Effect of exercise and Lycium ruthenicum fructus on expression of p38 MAPK and ERK protein in rats’ skeletal muscle(x +s,n =12)
2 5 Fl /g kg ! p38 MAPK ERK
& ot IR - 48.52 +6.02 60. 85 5. 09
A E U - 64.85 £7.14" 69.24 +6. 84"
i BE I 2 - 80. 35 +7. 46 82.12 £8.61%
BT T 4.48 64.51 +7.03"Y 68.74 £7.45")
R VPR I ] 4 45 22 B DR 2R Y S ) S B B )1 R 2
PR MAE _ kD B BUAL R P F WL il AR 25 0L, LI
b -B A R G R A, AN Tk A S TR SR A AL T
GAPDH _ 144kDa TH T R TP R LT 2 20 4
A B c D

E1
Fig. 1

BAAR B p3BMAPK B A %Kik
Expression of p38MAPK protein in skeletal muscle of rats

each groups

44 kDa

ERK1/2 42kDa
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B2 HAXREBEIERK ZaRE

Fig. 2 Expression of ERK protein in skeletal muscle of rats

each groups
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K& IR B HT S e
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20 H B Al A I WO B L R R L S s Rk
A VRGO, VE T B0 M A T R AL
[G) A 1 pl 2 AT 3 s 3 MAPKSs 76 7R f) 484k 38
GBI AR 135 5 T K, R 0 S i B PR 4 SR AL A TR
ORI D g Fe ik R, S R Jl BROPE A 48 AL T
WSUAT DL S 0% MAPK 13 5 8 5 5 90 48 {1k 1
7 B UL 48 R A R D, T 4 M
WAz — i, p38 MAPK {5525 T 41
(9 25 K S T % 240 M 1) T R[] 5 45 2 Fb 2k BT A, 9
5 L IS B VR A R O A 40 Y 1
W T RE R T AR, A N L 0 A B 1R B 52
S AL A DR E A S S R R
Y. 3B S RULIA YA T LA0E p38 MAPK {5 5 il
B AR Y p38 R R THE, BiE A
M5 p38 W AL A IEAH ¢ . ERK f5 Bk 42 2
5T A 4 L A KRB ) TR S SR AR, X
T4 5 s DUNL P iR R AT B B BF S 2
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