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[# Z] B8 WA PR HTE 57 6 0, JOF B/ FIPLH . 5. 36 HUENE ICR /) FLFE
BLAN o BR2H (S5 AR FRZEM K ) . AR KR ZE (500 mg-kg "B Bkik) A hn AR Bk ik 4e (600 mg-kg ' i
IAERKER) o BEBR 7 d 0 A 2 /N BRUR BT 6, WSS HORS POIR S o R 9 57 e e 52 36 AR g B 0 9 Dk S 0
G 00 5 2L /1N B A 5 B I R g 98 9 K R I 5 ) G S T A% /N BRI P R AL (BUN) FELR
(LA) /KFRFMB AR (LDH) WM. AR Z0h IR (LG) K. ALAAL P ALRERE (MG)
FN B (MDA) KPR 4 e H Ik S Ak ¥ il (GSH-Px) i S AL 1 B il (SOD) 3 1 5
Western blotting 75 46 I 4 41 /)y BUF 20 20 PO AR A DG B T R A K. S5 H5Silmaibir, SimE
FA/NEIR R R BRI ES, HERYESEIHFE L (P>0.05), EI7HELE, SX A,
A kAR 4 0N BRI e A R S TR B R (P<<0.01) 5 HiB S liF vk L0, Sxt BB g, A kik 4l
LTI AR Bk PR 2H /0N B0 38 i ke ) 4 B B (P<<0. 01) o S0k BRZH e, AR ik ik 2 R 1 2 ik ik 4
/N BUIML T o BUN K349 B W AR (P<<0.01), LDH{GMEY B8 I e (P<<0.01); Fhn/k bk ik i
LA K- B AL (P<<0.01) . SABKIRAL g, FonA: Bk ik 41/ BUALTE H BUN AT LA 7KSF- 2 B 5 B A
(P<<0.01), LDHIGMM BT (P<<0.01), S5XFHEA g, A kR 4 i Az ok ik 408 BRI 4H 21
LG AKEFNLA 41400 MG KRB BT (P<<0.01); SRR Hede, Tomm Az bRk 28 /0N BT
PP LG AKE RN AL MG AR B I E (P<<0.01) . SRR #, Az Bk 41 0 m A= ik
YR /N R LA A 2L GSH-Px F1 SOD i PE ¥ 0] S 718 (P<<0.01), MDA K] & (% (P<<0.01);
S B R, AR Bk ZH N BRVLIA 20 21 GSH-Px FI SOD i P B i 75 (P<<0.01), MDA K
B B AIE (P<C0.01). Western blotting %, 5 %F BRZH FL AL, Az ik A 40 R 0 im A= ok ik 46 /0 LU Ik 20 21
o 1R A0 W RS TR VLB 3-3 A (p-PISK) . BEMRMLZE FUIAE B (p-AKT) . 8% MR fb 0 IR & A s % 15 38
(p-GSK3B) K& Wil (GS) HEHFRIAAKFEHII RIS (P<L0.058 P<<0.01); S5AEMKIKA K
B, TN AR KR 2 /N BUIFIE 2 80h p-PI3K . p-AKT . p-GSK3BHFI GS & 1A /K FHH BT (P<
0.01) . Z5% . A Bk Ak nT 3 i 350h o BE e LEE 3 34 (PISK) /BB B (AKT) /HJE & W
WG 38 (GSK3B) fr'5 il , & mpLIRPT S AR J) T B b e & i, RIEPTIE 57 /E .
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Anti-fatigue effect of Wujia Shengmai Yin in mice
and its mechanism

HAN Jianan', LIU Zhuorui', ZENG Peiyong', JIANG Shuang®, L.I Hongyu'
(1. Department of Pharmaceutical Analysis, School of Pharmacy, Beihua University, Jilin 132013, China;
2. Department of Preventive Medicine, School of Health Management, Changchun University of Chinese
Medicine, Changchun 130117, China)

ABSTRACT Objective: To discuss the anti-fatigue effect of Wujia Shengmai Yin, and to clarify its
mechanism. Methods: Thirty-six male ICR mice were randomly devided into control group (equivalent

1

volume of distilled water) , Shengmai Yin group (500 mg-kg ™' of Shengmai Yin), and Wujia Shengmai

1

Yin group (600 mg-kg ' of Wujia Shengmai Yin). The body weights of the mice in various groups were
detected every 7 d, and the mental states were observed. The rotating rod test and exhaustive swimming
test were used to detect the duration on the rod and the swimming time to exhaustion of the mice in various
groups, respectively; the levels of urea nitrogen (BUN) and lactate (LA), and the activities of lactate
dehydrogenase (LDH) in serum, the levels of liver glycogen (LLG), muscle glycogen (MG), and
malondialdehyde (MDA) , and activities of glutathione peroxidase (GSH-Px) and superoxide dismutase
(SOD) in muscle tissue of the mice in various groups were detected by kits; the expression levels of glucose
metabolism-related proteins in liver tissue of the mice in various groups were detected by Western blotting
method. Results: Compared with before experiment, the body weights after experiment of the mice in
various groups showed a increasing trend but the differences were not statistically significant (P=>0.05).
The rotating rod test results showed that compared with control group, the duration on the rod of the mice
in Wujia Shengmai Yin group was significantly increased (P<C0.01). The exhaustive swimming test
results showed that compared with control group, the swimming time to exhaustion of the mice in
Shengmai Yin group and Wujia Shengmai Yin group was significantly increased (P<Z0.01). Compared
with control group, the levels of BUN in serum of the mice in Shengmai Yin group and Wujia Shengmai
Yin group were significantly decreased (P<C0.01), and the activities of LDH were significantly increased
(P<<0.01); the level of LA of the mice in Wujia Shengmai Yin group was significantly decreased (P<<
0.01). Compared with Shengmai Yin group, the levels of BUN and LA in the serum and LDH activity of
the mice in Wujia Shengmai Yin group were significantly decreased (P<C0.01). Compared with control
group, the levels of .G in liver tissue and the levels of MG in muscle tissue of the mice in Shengmai Yin
group and Wujia Shengmai Yin group were significantly increased (P<C0.01); compared with Shengmai
Yin group, the level of LG in liver tissue and the level of MG in muscle tissue of the mice in Wujia
Shengmai Yin group were increased (P<Z0.01). Compared with control group, the activities of GSH-Px
and SOD in muscle tissue of the mice in Shengmai Yin group and Wujia Shengmai Yin group were
significantly increased, and the levels of MDA in Shengmai Yin group and Wujia Shengmai Yin group was
significantly decreased (P<C0.01); compared with Shengmai Yin group, the activities of GSH-Px and
SOD in muscle tissue of the mice in Wuyjia Shengmai Yin group were significantly increased and the level of
MDA was decreased (P<C0.01). The Western blotting results showed that compared with control group,
the expression levels of phosphorylated phosphoinositide 3-kinase (p-PI3K), phosphorylated protein kinase
B (p-AKT), phosphorylated glycogen synthase kinase 3 beta (p-GSK3p), and glycogen synthase (GS)
proteins in liver tissue of the mice in Shengmai Yin group and Wujia Shengmai Yin group were significantly
increased (P<C0.05 or P<C0.01); compared with Shengmai Yin group, the expression levels of p-PI3K,
p-AKT, p-GSK3B, and GS proteins in liver tissue of the mice in Wujia Shengmai Yin group were
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significantly increased (P<C0.01). Conclusion: Wujia Shengmai Yin enhances the anti-fatigue effect by

activating the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/glycogen synthase kinase 3

beta (GSK3B) signaling pathways, and improves the body’s antioxidant capacity, and increases the

glycogen synthesis.

KEYWORDS Wujia Shengmai Yin; Oxidative stress; Anti-fatigue; Glycometabolism; Urea nitrogen;
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1.1 ZBFHH. &H . L E2XAN NS SPFH
ICR/NEL, HEPE, 4~5 Rk, (kBiH (20£2) g,
W A S50 S W H R BR ST A w1k, 2h )
AFFVFRTIE S . SCXK () -2020-0002, A Z: |
A2 A4 LR R R T [ 2 24l A BR 2
A, 1R Z A (blood urea nitrogen, BUN) . #L
2 Wi & (lactate dehydrogenase, LDH) . #. M
(lactate, LA). HFBEJR (liver glycogen, LG) .
WUBE I (muscle glycogen, MG) . 2t H kit &4k
Y (glutathione peroxidase, GSH-Px) . # & 1k
W)L (superoxide dismutase, SOD) FIN &

(malondialdehyde, MDA) &7 & W4 [ F§ 5t 8 A4
Y TR T, RIPA 2 i %M BCA R H & W A
ot S E B R A B AR A RTTEAE, A Pk
e B 2 ABclone A wl o $840 Al WL 4 656 B 1l A
HA R A A, IR KAIE A HA SANYO 2,
gliK A A 5% B A A, fERA R A
TR S A BR A A, BRI B B+ TECAN 2
A, AR 2SO AL B 36 E EPPENDORF 23 7],
/N BRI 55 e MR AN B O 1| A 48 B BB A BR A ]
1.2 ZpmAERKHE BWAZ100g. %4 200g.
TR T 100 g AU 100 g ', 8THENS, PAK N
F, B L R 1:10, £E 100 CE&MTF, RE R
Th, M2, BRI SIE LI E . /IR
ek, AIRUEW, MAOmAERKIK, R fEM
FHAT LAIK Ay v 700 52 155

1.3 Z£BshHmoraris®y K36 /AR N
XPRRZH . AR RK IR A IO AR kR A, A 12 H.
A KR 4 25 T 500 mg-kg AR KR, O AR Bk ik 4l
%57 600 mg-kg " HOMNAE PR, X BEZH 45 7 SRR
7RI, BHESSRZ LK, Free 7. BR7d
N 45 270N BRI AR T o O 1 S A I 85, AR K
MRS .

1.4 RE#BEZTRENLEADIAEHSEGHR
W /N BB TR AT e i) — AR gl i 1, /NERLEE AR
Fi By, JFERBEREFT L 5, DL e/
731N & A & ) RTRT AN W N 2 = o =2 5] A
G /IN BP9 57 Tiid 2 A 0L 1 9 O B R S G i AR
Jo 55 A3~45 R#FAT, 42530 minf5, ¥/PhRET
WO FERRAN b, W E R R 30 reminTt, i 22 2
3d. BERLGH 46 KA 2530 minJ5, MEAT S K,
PL180 s REAVE M bR e, 10 s/ BRUTE i M 1 A0 152 1
i 1] o

1.5 HBRAEHKERAMNEZE DK B H R
B LR AR 49 K4 25 30 min 5, T ER 19 i E
U UK S o BR i T AR Ch R H D B TR 500 1Y A
2, IR T/, KRG & A/ B IRE S
40~50 em WY THIR KB H, WEEN (25£2) C,
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fEHE A TR, WE/NRGZEE 1% IR 2 RiRA
K 7s, NETCEE S IF IR iR O B AR,
P I 10 7 /N By o i Dk s )

1.6 @R bF HFEARFLHAARREER
B ) K SN BRI AR I RERS S, K
230 min, FEATHRERIBCM, KEARAF A 3K HE 10 min
Ji, BTREEONT, T4°C, 3000r-min~ &
L 15 min, B EIH W 100 pl & T 1.5 mL 2.0 38 4
L A =20 CRYUKAR P R AF . WU S, SR JH B
MENR F /N BRAR ZE , RO/0N RO R I UL A 25 40
2, R T —20 CokA 4 .

1.7 EAMNERMNEE D R feih AFIEAR A WUR L4
Lo AR BOSRIAAFIIRES , SRS SN
DGR, FE R A LR B R, ARG A 4D BRI
P BUN A LA K& LDH G M, AFAE4 L LG K
S, LA 8L MG R MDA 7K S B2 GSH-Px Al
SOD {4 .

1.8 Western blotting H & 7) &- 48 /s AT AR 40 42
BARMAMXEGRZKRPE WS AN RIFIEA L,
SRS M RIPA HA LW, Tah¥iE, BT
4 CARIR & .LHLA, 5000 remin " &0 10 min, B
FiEW, RHIBCA R & I 8 e B2 o AR S
PARVE S, SR A 12% SDS-3R 15 K Bt i 5E e mL Tk
(SDS-polyacrylamide gel electrophoresis,  SDS-
PAGE), 10 pL bM. HIKG R E, ST,
ABHBRZERTEM 20, WMA—PE, T4CFKE
HEw, MAHRPARICH =40 (1:1000), Ei&
TE 1h, ECLIEE#ZIFMM, R Image J
SIRTER A Sk KM, LA B-actin NS, HHHM
EHRIBKF . BWERREKF=HHEN K
JRPEAR/ W28 B 5500 K FEAE .

1.9 % %44 KA SPSS 22. 0 8 F k47 48t
M. AU RAR TR | AR {5 B )R] R0 ) 0k i
PREHE] I T BUN ALA K- K LDH 3% ¢, AT
JUE 20 21 rh LG oK S R0 B R b B RS R UL B 3-
( phosphorylated
p-PI3K) . # /R 1k 25 1 # % B (phosphorylated
protein kinase B, p-AKT) . B/ 1k 0 )5 & 1 B 3
fig 3B
kinase 3B, p-GSK3B) K W& & i i (glycogen
synthase, GS) #HHRKKF, JLAHLH MG
MDA 7K 3 K GSH-Px #l SOD I ¥ 4 #F & 1E & 4%
fii, Plats o, 2541 1) B A 9 5 b 4R B

phosphatidylinositol ~ 3-kinase,

(phosphorylated gluconeogenesis synthase

R0, L REA B P 38R H LSD-2 4
8. UIP<0.05NZRAFHITH¥EX.

2 & B

2.1 B2AVPRAERE HELRBETHE, LRE&
/AR S R KB, WEKEEAG 2=
5, HEHB KR ZRH LG ITTHE XL (P>0.05),
ARG

40T
-@- Control group
~#- Shengmai Yin group
o A~ Wuyjia Shengmai Yin group
£ 30F
=
20
o
B
>
9 20 F
m 1
i
0 H 1 1 1 1
0 2 4 6 8
(week)
Bl SaEadhRIERE
Fig. 1 Body weights of mice in various groups after

administration

2.2 BANABSFGHEfSBHEREE 5
X HRZH PO, A KR AL /N U3 A 4 B ) () 22 R 0 4
TR X (P>>0.05), 0 A kAR 4 /N B e 45
BA N ] BB MG (P<<0.01); 54 Pk ik 4 e %%,
FN AR IR L /IS BRI B 452 B B ) 22 S5 TE e 12 R X
(P>>0.05). 5XF R H, A KR R A bk
R /N B v i K B E] BB e (P<<0.01) ;
SRR e, O A B 2 /0N BRL D 9 35 UK )
ZRIHEITFE X (P>0.05), W1

R 2/ B R {5 B I 6 0 g 3 38 ok I )
Tab.1 Duration on rod and swimming time to exhaustion

of mice in various groups (m=12,2%5,t/s)

Swimming time to

Group Duration on rod exhuastion

Control 37.83419.62 69.50+22.94
Shengmai Yin 56.17£25.31 108.50+28.23"
Wujia Shengmai Yin 82.17+27.83" 139.42+46.67

"P<C0.01 compared with control group.

2.3 K2 hiFEP BUNALAKPEZLDH &
B S IR Fe A, A B AL AT 0 AR Bk AR A /N B
1L 7 BUN KB A (P<<0.01), LDHIE
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P B E (P<<0.01); A= Bkik 4/ Bl i
LAKYFZR LG43 (P>0.05), T4 ik
A /N BRam s o LAKSFB B REL (P<<0.01). 5

AR P A, L AR bk Ak 4 /s BRI T R BUN Al
LA KB 8L (P<<0.01), LDH %8 & FF
B (P<0.01). W#E2.

F2 KH/NEULTEF BUNF LA KYE K LDH &

Tab.2 Levels of BUN and LA , and activities of LDH in serum of mice in various groups

(n=6,x=+s)

Group Level of BUN [¢,/(mmol-1.7")] Activity of LDH [2,,/(U-L™")] Level of LA [¢,/(mmol-L™")]
Control 11.074£0.32 4273.824-88.76 14.7140.60
Shengmai Yin 9.520.36" 5273.34188.98 14.0940.41

Wujia Shengmai Yin 8.2040.20"" 5799.824+115.13" 9.69+0.20""

"P<0.01 compared with control group; “P<C0.01 compared with Shengmai Yin group.

2.4 BHEDEABARFTLGKRFRIA LR F
MG R-F SR R, A Bk 4 A A ik ik
2 /N BRI IE 4L 200 LG /K SE R LR 4 20 MG K F
B w T (P<<0.01). SAEMKIRA K, Hn
e JAR ZE DR 20 20 LG K SE AL 2 21 b MG K
X R THE (P<<0.01). W33,

3 BH/PNBIFREHLSH LG AFEMUAAHL F MG KF
Tab. 3 Levels of LG in liver tissue and levels of MG in

muscle tissue of mice in various groups (n=6,x=+s)

Group LG [py/(pg-L7N] MGIA,/(U-L7)]
Control 15.9640.39 0.5240.05
Shengmai Yin 21.84+1.10° 0.78-0.06"
Wujia Shengmai Yin 27.31+0.25" 1.08+0.02"

'P<C0.01 compared with control group; “P<20.01 compared with
Shengmai Yin group.

2.5 &4 ALK AL P GSH-Px f= SOD # B &
MDA K-F 55X REALHh AL, 2B kAR 4 R 0 A ik
TR /N BUULIA 4 48 Fh GSH-Px Fil SOD 1 1 2 1 i
T w o (P<<0.01), MDA /K B B &k (P<
0.01); SAMKRA A, oA Bkik gl /N R
4 41 o GSH-Px Ml SOD & PE #8888 & (P<<
0.01), MDA KV RFEML (P<<0.01). W34,
2.6 BANAFBARTBRBAAXEGREK
B SRR R, AR R R O AR K R AL /N B
JFHE2H 40 p-PI3K . p-AKT . p-GSK3B K GS#HEH
FkKEH B IHE (P<<0.058 P<<0.01)., S5
KARAL L, FOhm A kAR 4 /)N BRUF IR 2E 2 v p-PI3K
p-AKT. p-GSK3 Hl GS & [1 £ 5 /K F ¥ 8 & T+ =
(P<<0.01). WK 2.

F£4 KZHNDPFEPEAR P GSH-Px I SOD & #: & MDA

K
Tab. 4 Activities of GSH-Px and SOD and levels of MDA
in muscle tissue of mice in various groups (n=6,r=+s)
GSH-Px SOD MDA
Group ) ) )
[A,/(U-mg ] [A,/(U-mg )] [cy/(nmol-1L7Y)]
Control 5.6740.27 124.834+4.32 24.82+1.09
Shengmai Yin 16.664+0.84" 151.264-15.80° 17.95+1.55"
Wujia Shengmai T T
21.25+1.03"" 182.85+3.69" 9.46+0.80"

Yin

"P<C0.01 compared with control group; “P<0.01 compared with
Shengmai Yin group.

3 it #

BRI KRR L 4 26 9044 Iy AT =
TEHC, TN B L 2 B R 4 0 4 36 7
B, SR A IR B T, K L
LRI 7 07 45 B0 U K5 20 4 BAEAR . o112 )
L IRLR R0 00 TR SR Ok 6
K PTG Z 6, PR AR S . 25 P
MF LS, MR Z s . MR HCR L
SRR EAR U BAF T, WA ML
SR ST RN R H Y
A LA 02 K L K 7 AR
U 37 D AT R AR RUF 42, SUAT BLE 69
i

TR GEAE R R « 002 K T 0 57 K
(092 97 % 8 7 0 ALV 8 T2
RN /I B 302 9 FUA W) 5 60 00 P G5
RO, 0 K R/ B 02 5 1 1
kR

BUN 2 (1A A AR K )iz 2
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A': Electrophoregram (Lane 1: Control group; Lane 2: Shengmai Yin group; Lane 3: Wujia Shengmai Yin group) ; B—E: Histograms

(1: Control group;2: Shengmai Yin group;3: Wujia Shengmai Yin group) ; B: p-PI3K; C:p-AKT;D: p-GSK3B;E: GS."P<C0.05, "P<<

0.01 compared with control group; “P<C0.01 compared with Shengmai Yin group.

B2 Western blotting Bl & 41/D RAFAE AR PRERBHXE AR LB KEMELRFE

Fig. 2 Electropherogram and histograms of expressions of glucose metabolism-related proteins in liver tissue of mice in

various groups detected by Western blotting method

Jei o A5 BE T RURE S 04 R0 2 R ML BT 75 A R
THFE, B J00R 2 BE R R v b 1 I A3 o3 A, ol
BURBUNIK T . RIZLE )G, Zmhg g,
Sy A R A, AR PR Z T 5| A BUN K
Tt o AL BUN ZK T RE 5 Sz e pILAAR (0 9% 57 # %
Ptk BUN ¥ bR 5 B, A7 Bl 1P B o 95 g%
FERI Z iz shit, A A AR TC T PR T 2 ML A KT R
T 2, DARETE A o 32 2208 XA T SR i 7K T
T, MG RRGEEFE, A REN LA S
WL % 55 . LDH o] DU 4 fit id B LA, &
PUARTIRE, MR 95 5tk 0 MG 2 BEFENLA
R EIE R, PUARIE shEE, IOBESE A8 9 MG B
Felm ., LG fitars ALk fae, B MG #£i2 3
PR R, LG iE&ReE Y. AR 4R
R AR B B % BH R BEAGGE Sl 9 95 /) B
HHLAMBUNKY-, Jhm MG LG K-, &
LDH i o B2 78 FOI0 AR KOk nT A7 804 v LA T B
LAFIBUNRRE Ty, HEsmALIARE R e, KDL
9 55 VE

WEgE " WoR B shFERE S A Ak R Gt
ARG R, RS EdZmAmE, FEH
% WU IE SR A4 B I 3k 42 £ 461 493 DA T B3 IS 41k
AE 1, BN AR Bt ALY MDA 1774, gk i 55

HLARHT A Ak ¥ i SOD M GSH-Px %5 1 1 F# % 7,
Kk JE iz s sl # Il i g, AR AT oK B 4
hn,E s LAY g B 2y e AR R AR, AT EH |
FER AR RS I 2L . i i LA A B L
%95 . ARBFIE AR B . A bR e 65 4
55 9% 97 /I BRUIL Y 20 2 19 SOD il GSH-Px 3 4 I
REAR MDA JKP-, $i 7 00 A Bk AT 3045 /0N RS 7Y
A H oK, sk Kyt e ke I mizshae ), A
T 22 fi# 95 55 IR o

W R Wt L B 3- 3 B (phosphatidylinositol 3-
kinase, PI3K) k& 2 B8 W 8 F1 G 2R 11 506 52 1R 1)
FET W, HAEA ™ 5 A5 [ s mE L EE -
3, 4, 5-= WMk (phosphatidylinositol-3, 4, 5-
triphosphate, PIP3) ¥ 1f T i ¥ &0 & 1 il B
(protein kinase B, AKT) . i & 5% i ¥ i 3p
(gluconeogenesis synthase kinase 38, GSK3B) #0
GSHF, WIRAE 518 il s, 819 %) 29 4% 4% 18 5%
rEE AR Y PISK/AKT 5 5 3 B e 4 42 0 I &
AR OC B B, GS S i AR RGOy O B
PISK % AKT Ji 23 W2 1 GSK3 il L3 o8, F
A2k GS 8RB KT Th i, 8 7 %9 0 5% 1k o vl
JEBEIORR IR A L ARF SR A SR BN s O AR Ik
BRI LA BTG PISK/AKT/GSK3B {5 & i i, i of
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p-PI3K , p-AKT . p-GSK3BHI GSE %Kik, 1
TIHE ISR 5 B, DT G2 ff HILAR 9% 57

ZE TR, A BRI BRI E Bhk o A
W1 B o A, AR e] g S IR Y PISKY
AKT/GSK3B A5 = i s FUE A5 K 3 bl 5t 2k i
X,

FEEMmRER:

S A AR P BN AETE R 4 o

1EE Rk A B

g 2 50T St . B WA e SCIRE X s
Z S5HARCEMGE T E T, Bl S 5 A Bl
AEBRRE AL, RS HMRIR SIS, FiE
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