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Exploring mechanism of action of Qingjin Yiqi Granules against fatigue based
on network pharmacology, molecular docking and experimental validation
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Abstract: Objective To investigate the efficacy and potential mechanism of action of Qingjin Yiqi Granules against fatigue.
Methods The active ingredients and targets of drug action were obtained through TCM Systematic Pharmacology Database and
Analysis Platform (TCMSP), High-Throughput Experimental and Reference Guide Database for Traditional Chinese Medicines
(HERB), PubChem, Swiss Target Prediction, and the disease-related targets of fatigue were collected through GeneCards and OMIM
databases. VENNY 2.1 was used to obtain drug-disease intersection targets, and then the drug-active ingredient-fatigue-intersection
target interrelationship network was constructed in conjunction with Cytoscape 3.9.1 software. The intersecting targets were
imported into the STRING database to construct a protein-protein interaction (PPI) network and the intersecting targets were
analyzed for gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment using the DAVID
database, to predict the anti-fatigue mechanism of Qingjin Yixi Granules. Key active ingredients and core targets were selected for
molecular docking. The mice were observed in the weight-bearing exhaustion swimming experiment, and the mice were measured in

the non-weight-bearing swimming experiment for serum lactate (BLA), urea nitrogen (BUN), lactate dehydrogenase (LDH),
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malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), liver glycogen (LG), myoglobulin (MG),
glucose (GLU), and so on. The efficacy of Qingjin Yiqi Granules against fatigue was evaluated. Results The results of network
pharmacology and molecular docking showed that the 210 potential targets of anti-fatigue of Qingjin Yiqi Granules were mainly
enriched in the signaling pathways such as PI3K-AKT, MAPK, HIF-1, FoxO, etc, and the binding ability of its main active
ingredients and key target proteins was good. The results of animal experiments showed that Qingjin Yiqi Granules could exert anti-
fatigue effects by prolonging the weight-bearing 5% exhaustion swimming time of mice, decreasing the serum content of BLA,
BUN, and MDA in non-weight-bearing swimming mice, and increasing the body's LG, MG, and GLU content storage and the
activities of LDH, SOD, and GSH-Px. Conclusions Qingjin Yiqi Granules may exert anti-fatigue effects by regulating the signaling
pathways such as PI3K-AKT, MAPK, HIF-1, FoxO and other signaling pathways that affect the body's energy metabolism and
oxidative stress.

Key words: Qingjin Yiqi Granules; anti-fatigue; network pharmacology; molecular docking; energy metabolism; oxidative stress
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Table 1 Molecular docking binding energy scores of key active ingredients and core target proteins of Qingjin Yiqi Granules

R Hifr i/ (kJ-mol ™)
AKTI TP53 IL6 TNF EGFR STAT3
M R 3% -7.27 -28.60 -19.61 -13.23 -13.48 -13.44
Tk Tl S -8.23 -12.56 -19.28 -10.12 -13.27 -10.54
AN -9.16 -19.11 -16.80 -13.57 -17.47 -12.89
B A R -6.80 -20.08 -20.62 -15.25 -19.74 -14.41
5 A -14.70 -29.19 -24.74 -21.84 -23.31 -19.11

H & BN TPS3
7 XBEERSSZOESEANS FIER

Fig.7 Molecular docking diagram of key active ingredients with core target proteins

R2 BRSO GE 5% /INR B BRI (oks)
Table 2 Effects of Qingjin Yiqi Granules on duration of
forceful swimming in mice swimming at 5% forcefulness

with weight bearing(x+s)

2H 5 AE/(gkg™ n/R J13E UK [A]/min
Xt HE — 12 13.69+2.19
T8 4 A AR 1.215 13 21.20+5.07"
2.430 13 21.3245.09™
4.860 13 24.96+5.73"
AR SNIiiE 4 0.700 14 25.70+7.02"

B2 e T P<<0.01,

P <0.01 vs control group.

3.2.4  F e an OBURDG A D E T vk ) BT SR AL
JS2 S L RS2 e e EZEL AR B 3 < i URIURE

I A A B AR 2D 5K i #E 4HN BR MDA 7K P35
P, SOD\GSH-Px i& £ Tt i . L, i &2 <
ROREAG « op 771 B 20 SOD 3iF 1 2 2 T 1 (P<<0.01) 7
G 3 ATIURL 1Ry 7 B 2H R 41 55 K i B 4 MDA 7K T B

it FZ 20 TP53

his

*

i

fit (P<0.05) , SOD. GSH-Px & 1 & # T+
(P<0.01). Z5HRIES.
4 it

W5 ORI ZNE s 2 5, ATl AR B T
A AT AR s TR S VE 2 500 7 DLRE IR IR
T R T R B K % S RS TR BT O B K
Ta S U A AR AN 29 S5 DT VT TR G
LR ToiE BAT I B, 7 A 2 R N I ARV R AN
TAERRR, WK LB IR 1§ & 0w AW
bl 2 % 28 2R R IEDUR ST ER .
ARSI I ) B 2 ) -3 R A3 -9 5T - B S 4% TR
T MR 2R R R LR A T A A U R R P
FER YRR . PFRRE, KR ER LA R
AP EAAE F 2 M R 25 AT ad I BRI MDA KP4
In SOD ¥ % , K¥ETUEAAAEH L 1R &Iz 3l 77, AT
P 57

PPI WX 2% & 73 #1 , AKT 1. TP53 %5 i 4 25 U
LTI 55 S EEAZ O BB S o AKT1AENURA 2T

i
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Table 3 Effects of Qingjin Yiqi Granules on serum glycolysis-related indexes in non-weight-bearing swimming mice (x=s)
2 HE/(gkg™ n/H BLA/(mmol-L™") BUN/(mmol-L™") LDH/(U-mL™")
Xof R — 22 14.384+2.98 15.90+1.96 2.66+0.51
I 4 2 URURE 1.215 23 12.82+1.52° 15.06+2.05 2.73+0.36
2.430 23 12.67+1.58" 14.41£2.56" 2.80+0.43
4.860 23 12.15+2.02" 13.92+1.33" 2.82+0.34
AR PN g 0.700 22 11.55+2.06™ 14.90+1.66 2.80+0.46

5% HE 2 L :"P<<0.05 T'P<<0.01.
"P<0.05 P <0.01 vs control group.

F4 FEam ST E G ERR/N BRI HE LA K50
B EEE % HXIEIR LG MG & GLU K FHI R0 (xts)
Table 4 Effects of Qingjin Yiqi Granules on content of
LG, MG and GLU, energy reserve related indexes in liver
and gastrocnemius muscle tissues and serum of non-weight-

bearing swimming mice (x+s)

%=,
41 5] (;'i/]) ;fLG/<mg~g-l) MG/(mgg™ (m?nl;fli")
X RE — 22 6.60£1.67 0.96+0.26  7.00+1.32
EEA 1.215 23 6.79+1.88 1.03+0.16  7.38+1.21
EEa 2430 23 6.92+2.07 1.08£0.23  8.15+1.83"
4.860 23 8.00+2.50° 1.14+0.19" 8.61+1.56™
ERIKFE 0700 22 7.40+£2.13 1.06£0.19  7.87+1.33"

x4 L " P<<0.05 TP<0.01.
"P < 0.05 P < 0.01 vs control group.

R5 B

BRIE N TR EERESMEEERKRKERSA
HEA/EHP, TP53 AT 520 ATP (4 i, TR 1 LA RE
AR,

BT ORI E SR P 57 T TEAE
FAALHI £ 4% PI3K-AKT 5 5 i % \MAPK 15 5 18 %
HIF-115 5 i % \FoxO {5 5 M 8% 55 , ¥ Je A AR 41
AL RS . PI3K-Akt (S 5 18 B% 5 % % b AL
25 1A 5% , GSK-3 /& Akt 4% B 5 Mg 1, 7
YERr R N AR S P R IEEEAE M BRI
Akt 38 i $ GSK-3 135 4 52 me AL A4 (1) B AR U )
RED . BT B, WK AL & P mT JE Bk S PI3K/AKY
GSK-3 15 ‘5 8 B , 5 Wi B J5 & B, AT 238 K B i
FEU &5 S5 MR BE T B PR AP . MAPK 5 5 38 #% 75
YRR E - BRSNS P A7 4 B AR P

s SERLY AE f Ef ks BRI 7 S R R R B M (k)

Table 5 Effects of Qingjin Yiqi granules on serum oxidative stress in non-weight-bearing swimming mice (xs)

2H ) g/ (g-kg™ n/A MDA/(nmol-mL™) SOD/(U-mL™ GSH-Px/(umol-L™)
X B — 22 4.42+1.55 50.20+5.03 454.80+81.37
B & i UL 1.215 23 4.27+1.83 54.044+4.29" 488.58+70.03
2.430 23 3.64+1.56 54.85+3.99" 502.77+£79.97
4.860 23 3.4441.28" 57.13+4.24™ 543.99+£74.91"
AR ONE 0.700 22 3.45+1.20" 54.63+4.50" 567.60+86.99"

LHxtia 4l :"P<<0.05 "P<0.01.
"P<0.05 “P<0.01 vs control group.

W FC 46, 2238 K n I8 o 35 MAPK & #% , ik
BRI FE I 25 B 500 B s JUL ST A A AT 53
KRz 57 IR A&, HIF-1 2 i1 HIF-1a F1 HIF-16
PR AT 2H B 11 S — SR A, A S LA IR AU R
BT RIZUS S 51 R R E AT 820 HIF- 1o
Tk, PraME R IA R BE 2 38 00, AT HE & b R
151 5 P 38 B R A B B 717K R, FoxO ¥ 5 Al 7
#& Forkhead % FH K 1 1 AL, 7618 L sh W0 41 i
A 4 D40 : FoxO1.Fox03 . FoxO4 . FoxO6,

TE U N7 T R ¥ AR B TR,
FoxO1 1 FoxO4 nJ i ik 1 4 26 2L 4l f i e AL e
SIS 57 SR A AE S R AR BE A5 M0, A, R
FA o3 7 5o e 1 AR i 4 2 ASOURE 1) 32 L35 M 4y
5% 0 B 55 AT W RS0, 45 SR B R, CRIE T H
M B 2V H 5 N IR OC B A% 0 BB AU TPS3 L IL-64
EGFR 45 & J7 %0, Ul BT & o UBURL B A B I
PSR

BN S5 VR 2 2 T A PR 5T AR 1
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