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W E: HAEIHA\S (compound ginseng, CGS) MIHLHENE I K or T HLAI . Mg/ B2 AR R AY L S A 4N
HREERR AL, SR AR R i A A DA R A O LR SRR AL, WUSE CGS of /IS BRI AR TG IR TA) o W A IR Bt K, T
(malondialdehyde, MDA) & & . #E ALY EALEE (superoxide dismutase, SOD) % /7. 4 Bt H Ak it & AL ¥
( glutathione peroxidase, GSH-Px) &1, FLE& i &84 (lactic dehydrogenase, LDH) & /7 F LR Ik ( creatine
kinase, CK) V& 7). %% 2 BT CGS [ Hush EAH B, 7R FH 73 5% 45 75 1208 IE 190 2% 24) 1125 0 4k e 49
CGS Ik 7 GHUAREE 2 [ R AN, A /N B4R A R4 5 Rl T~ 1. Chypoxia inducible factor-1a, HIF-1a) F
I W AR RT (vascular endothelial growth factor, VEGF) mRNA FiA® . R E/R, CGS 0] LLE & iK% 14
SRS L U R Y v I R 4 P L B B S N R A ) A R e it L S 58 1 s B ) R S B
CGS Aefis B/ RIS 1 ¥ MDA % LDH 1 CK & 7), $2F+ SOD. GSH-Px ¥tk SR H W) 45 24 3 2 Tl i 226
% CGS sk A ImEE, HrhcB@ik A HIF-1odd K, 2 AR 5000 45 RUESE CGS W] LU 2T HIF-1a38ik, T
VEGF %1k, %1, CGS HAIM AN, HAEMWRE5WIG HIF-1o/VEGF W%, #2m MikdsEae I am %,
B AT O
Kb HITANS: Pk SnrEsE: SR
&3R5 R284.2 CRRARINAG: A

Study on the protective effect of compound ginseng on hypoxic

injury and its molecular mechanism

CHEN Hui'!", GOU Chen-chen'f, PAN Ya-qi!, BIAN Shuang', JI Wen-xin*, LONG Chao-
liang??, SHI Yong-ping!***, WANG Hai'-*3"*

ISchool of Health Science, Jiangsu Normal University, >Jiangsu Province Engineering Research Center of Cardiovascular
Drugs Targeting Endothelial Cells, Xuzhou 221116, China, 3Thadweik Academy of Medicine, Beijing 100039, China; *School
of Life Science, Jiangsu Normal University, Xuzhou 221116, China
Abstract: This study aims to investigate the anti-hypoxic effect of compound ginseng (CGS) and its molecular mechanism.
The atmospheric pressure hypoxia tolerance, the sodium nitrite poisoning model, the acute cerebral ischemia model and the

whole heart ischemia-hypoxia model were constructed, and the effects of CGS on survival time, gasping time, gasping



frequency, malondialdehyde (MDA) content, superoxide dismutase (SOD) activity, glutathione peroxidase (GSH-Px) activity,
lactic dehydrogenase (LDH) activity, and creatine kinase (CK) activity. Network pharmacology was utilized to predict the
anti-hypoxia related mechanism of CGS, and molecular docking method was used to verify the affinity between the active
ingredients of CGS and the body targets obtained from network pharmacology screening, and to detect the activity of hypoxia
inducible factor-la (HIF-1a) and vascular endothelial growth factor (VEGF) in mice. endothelial growth factor (VEGF)
mRNA expression. The results showed that CGS significantly prolonged the survival time of mice in the atmospheric
pressure hypoxia tolerance experiment, sodium nitrite intoxication experiment and whole heart ischemia-hypoxia experiment,
as well as gasping time and gasping frequency in the acute cerebral ischemia experiment; CGS was able to reduce the serum
levels of MDA, LDH, and CK viability, and elevate the activities of SOD and GSH-Px in mice. Network pharmacology was
used to predict 226 anti-hypoxia pathways of CGS, among which the key pathways were the HIF-1a pathway; the results of
the confined hypoxia experiments confirmed that CGS could significantly elevate the expression of HIF-la and down-
regulate the expression of VEGF. In conclusion, CGS has the anti-hypoxia effect, and its action may be related to the
activation of the HIF-10/VEGF pathway, which improves the oxygen-carrying capacity of the blood and oxygen utilization,
and enhances the antioxidant activity.
Key words: compound ginseng; anti-hypoxia; ischemia-hypoxia; oxidative stress
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1 R 5 5Z%
1.1 049

BN, HEVE, 6 g, AME 18~22¢g, WH LRGN LEINMEGTHRAF, LK
AV ATIES . SCXK (8 20190003, FT A /N BRLE SEIG I U6 BT 32 0&E B VTR 9% 3~5 d, 1Al FR 3R
BefR¥F 12 h eli/12 h BES R, BRHE. 0 S L R s e B fl o w it (Rt
5: JSNU-IACUC-2024004) .
1.2 2549

W, P MAL B S . ESERT (555008 A1089121. A1072291. A1079251,
A2029151. A1021261, J"AR—HHIZARAFD + SEBIRIY (5 SNT220705, RAMTHRE
EVFRHCER AT o
1.3 X5

7 N 'E k&R C(isoproterenol , ISO) (it 5 15627, 3% [H Sigma A & ) ; W &
(malondialdehyde, MDA) W& W&, HENYEAE (superoxide dismutase, SOD) ¥l & i
B OB H RS A YEE (glutathione peroxidase, GSH-Px) € F) & . FLER B EEF (lactic
dehydrogenase, LDH) Wl %€ il & WIERIAEE (creatine kinase, CK) e 7 & (#555k
20211124, 20221008, 20221012, 20221123, 20221202, Fgai@ M EM TR .
14128

FA1004 ZY H 7 R F (BT 7)) ;3 Flex Station3 Y £ I GE B AR 1  (Molecular Devices 24
T 3 XB70-FZ BY#| UK ML (Grant A &) ; MLS-3750 B & B 28V KH 4R (=ZVEAAD » M-Q
Reference B R4 /K HL (Millipore A &) ) ; FlexStation 3 2 I AEEEAR1L (Molecular Devices A F]) ;
ViiA™7 SZi 5% 2 & PCR X (FRER KA FD .

LSR5,

577 % % (compound Dangshen, CDS) AbJ7IGIRHERE N ZH & AR 192 g, Hfws
1056 g F1Z2.88g. HIH2.88¢g. dt¥Z 1.92g. &M 096 g. ITHWMNREGEHE TR SH Y&

3.2 glkg, HA9E2 1.76 g/kg. 712 0.48 ghkg. )4 0.48 g/kg. 1biPZ 032 g/kg. 4 RMi 0.16 g/kg.
i FHAORL TR AR UG I S 07 3 2, ARG & 29 AURLTR) CGRRERD = "R 2R (1 B3 43 Sl o B
NREEHIRAE T SRR (BRI G2iE N 2.5 gkg, HA5ES 1.76 ghkg. 12 0.24 g/kg.
219032 g/kg JL¥PZ 0.128 glkg. 4 F M 0.053 g/kg.

577 N (compound ginseng, CGS) 4% H A 2755877 5 247 (R FF— 5, B RAGR

192¢g, HPAZ1056g. F12288g. 41288 ¢g. dbibS 1.92g. &M 0.96 g. A K/ A



HETANSHRIESZE 32 gke, HPAZ 176 gkg. F125 048 gkg. 417 0.48 g/kg. dbib S
0.32 glkg &M 0.16 g/kg. 8 HBURLAFISEIBELHI Z 5 NS HflE, RS AP rRRA] (52
B« Ao e nl ok SN B H IR B 5 A S @ RORc 7] BRIV 42 &N 1.4
glkg, HHAZ 0704 glkg. F12Z0.24 g/kg. 44 0.32 g/kg. LS 0.128 g/kg. &M 0.053 g/kg:
B NSIEFIER m & AR 172 5802 f5 (HP 0.7 g/kg F1 2.8 g/kg)

PRSI A RN T FESE e K 120 HSRER B EAMENE/NRL (2042 @) BB 6 4L, 4
AR AXHZA (control, Con) . #EMZH (model, Mod) « B %S4H (2.5gkg) « EhASK.
i, EEL (0.7, 1.4, 2.8gkg) « BB, EHASEK. . miE4E S 5N 2R,
FEX A BRHS TERAEMIEK, FH— SRS 10 mL/ke, EEHEE 21 d.

APEmGE MG o 50 HUNRBENL Y A S AL, A RINER R, B S (2.5gkg) « B
AS&. . mFIEA (0.7, 1.4, 2.8gkg) « BHRSH. EHASK. . &FIEAHHEB XM
ZARZY), BAVHG TERABIK, FH—R, SRES 10 mLke, ESEH 21d.

A0 B IMERE L : K 70 R/NRBENL A 74, A5 AXT 2. 854 (hypoxia, Hy) .
BRI, BhwSH (25gke) « EHASK. . SfEH (0.7, 1.4, 28 gke) « EHRSH.
FHNSE. b, R EHEE XN ZRAY), TOX A, S A. BRRAS 7SRRI,
FEH—K, FHRHESE 10 mL/kg, ELEE 7d.

SEIG AR ARV R SR, oK. TRE.

1.6 MR E A IRE
1.6.1 % W R A R %

TRUHES Lh)a, BREAMBHI, BHREH DR ANBNEAE S g WA K1 250 mL B 1
WA R 1RO, LRI, 58, S ARA, SLRITEE, DU R TR 2, W
BRI RN BRI B R % PR A A I ]

1.6.2 L AEBR 4P & R 1o

TARKES 1hg, BZEAXRAS, SH3H% 240 mg/kg BW 77 & I8 o i 5 WAK R Y (i
SHECA 10 mL/kg) » SERIHES, ESEsh 47 m I 1.

1.6.3 2 b fisi Sk o 52 3

TARKHESB 1 h )5, SAMATEE R Wk, SRR R ICF/N BTk 5 27K AU
[ N SR
1.6.4 403 B B £ 52 1

TARXHES 05hJa, BREAMEAH., SEAS, TS 20 mg/kg BW AR FNE LIRE



(ST EA 10 mL/kg) o BVAA/DNRESAEEAK, EH 15Sminj5, B2 E4UNRS, KRN

B BN A R 2 PR 8 b, DARPIRAEE 1 R bR i Ao B AS A, e S BB T ]
1.7 SRR RIS

NRAETI G, HREREUM, JEN 1.5 mL EP & H, 3 500 r/min, .0 10 min, U4 BiGH, 1510
o TEHEA ARG UL A B IR ERVE, W M35 MDA & &, SOD #E M Al GSH-Px i /7.
1.8 LDH #1 CK ;& /1M E

ANRAETIJE, HREREUM, JEN 1.5 mL EP & H', 3500 r/min, &0 10 min, W& BIGW, 1510
o ME /RS LDH A1 CK 3% 77 .
1.9 EF ASHREERANNEAESZ S

1.9.1 &7 ABE e sy Fode SN

=3

iH3E TCMSP #4E % Chttps://old.temsp-e.com/temsp.php) #ii% B 7 NS FEIWEERR S, 1
A N DIRFI A FE Coral bioavailability, OB) >30%, iy Zj 4 (drug likeness, DL) >0.18; Fifid
Uniprot ¥4 % Chttps://www.uniprot.org) DGR H &3 1 B2 7 FRTHE 55
1.9.2 # A&k 09 4F B Fe 3l

£  GeneCards %t #& /& ( https://www.genecards.org ) . DisGeNET ¥ #& J%&

Chttps://www.disgenet.org) F1 OMIM % #& % Chttps://omim.org/) H X F i ¥ AT 2R &%, iR
Nhypoxia”, KIE GG I SHAEERI A, ZRES N, RERGHE RIS
1.93 5 AL E W ¥e b b5 s Ak e & M % B e 2 5 547

FIFMAAE T4 (https://www.bioinformatics.com.cn) 73158 75 NS FELEHIR S LS S, 4
il i Venn B o 5277 NS5 R Lo A OGHEAE FH BE 255 N Cytoscape3.7.2 Bk, @ “Z#-igtk
J G- IR A TR R
1.94 REE R EGEO-K G ZAER W% E LS54T

W AZ AR i N STRING $#5i E (https://en.string-db.org) , A#F251%E$ “Homosapiens” ,
193] PPI &%, HBH X TSV XS N Cytoscape3.7.2 B 2 57 al MR AL B A -2 A o AH B4R

(protein-protein interaction, PPI) % H. %%,
1.9.5GO #= KEGG %47

B AT BB S\ F Metascape 04 % (https://metascape.org/gp/index.html#/main/stepl ) , | ]
B¥E ) GO JEKThAE, M4 FIhfE (molecular function, MF) , A#id#2 (biological process,
BP) RIS T IhfE (celluar component, CC) =ANJ7 il A S J7 NS Pk AE 1 i1 F 4 5 2R
EFFE DR IER . N T — PR E 7 NS Pk 8 e R 1R ¥R SE (S Sl i M E R, AT



KEGG &% #. BFHITALRAE, FRlE MG 6 X 8 R 700, & 77 A2t
AU RE I I AT REAE P AL
1.9.6 .77 AB T B B R 1E B &R 5 4E R e 50T x4 o047

i# 3 MOE 2022 %A% ¥ M 435 568 BEFE sUHEAT 437X e LAIR UE e 23 5 80 A i 45 B PR S - 7
PubChem {45 % (https://pubchem.ncbi.nlm.nih.gov/) HFREUAZ 03 1 543 1) 2D 45 K49 34547 2 MOE
Hh, A A A ARG B 4 R AT R R /N A B DA SR I R B (¥4 TR R . /E PDB KU
(http://www]1.resb.org/) 1L AKTI. HIFIA. JUN. ESRI. JyS=8a k&40 S 10 3D & (A Sk 45
), KA IERANT 3, A2/ TR, 4515 H % MOE A R 4584 7 (1K 4 7,
WA, AR RO i AR . B R S R e ey RO R TR, AR R B A
10 AR E MR, RS A R8N T -5 keal/mol IR GONKT B IT A B o
1.10 HIF-1a#1 VEGF £F mRNA FTIEE N

AINRIET S, FIHCN R, SREUIMZHZUS RNA . ASEE R A RT-qPCR #5252 5 N 5%
B PR 256 5 DS BRI A 2 4R S S IR F- 1. (Hypoxia inducible factor-1a, HIF-1a) 3% KA1 if &
W A KB 7 (vascular endothelial growth factor, VEGF) & [l mRNA #F ik () §2 00 . ¥ S5 1
PubMed _b 4% 215U 2 K ) 2 51 A GAPDH W2 41, SR8 )5 AR 5103 H B Premier 5.0 X 51 432
B, SR 1 TR . BB SN RN S0 i s RNA BT 8 O 72, 5 W i s 49 30 1

cDNA #1147 RT-qPCR il .
#* 1 RT-qPCR H MERH 51975 & xR+

Table 1 Primer sequences used for quantitative real-time PCR reactions and reaction conditions

S A Fr3
Gene Sequence

F: 5-TGCGTGCATGTCTAATCTGTTCC-3'
HIF-1a

R: 5'-AAGATTCTGACATGCCACATAGCTC-3'

F: 5-GAGCGTTCACTGTGAGCCTTGT-3'

VEGE R: 5-TTAACTCAAGCTGCCTCGCCT-3'

F: 5-TGTGTCCGTCGTGGATCTGA-3'

GAPDH R: 5-TTGCTGTTGAAGTCGCAGGAG-3'

111 Gt #0385 %

BOAE 2> Hr % FH SPSS 26.0 #4, I GraphPad Prism 8.0 % 4E1F &l SZu6b 3 ¥ DL K b v 22
( x+s) For; ZUAAECR I BINE T 20 (One-way ANOVA) , P<0.05 £7R% 34 Gt
B
2458

2.1 EFAS A RIREARE_E/NGR 77 7E BB M S B[] A 20



2 AR SR AL R B rh B SR 45 R A 1 R . (R B SR T, SRR, 205
ANBA& L R4 DUR K/ RG] (P<0.05) , IR )75t S 0UH K s (L
1A) o fENEASEREN T RS, By AS . iR AT LA E 5 e/ B AR I ], SRR AL AR
EEEA Gt # 2 X (P<0.01, P<0.05) , 735/ BHIAEE I %A 3R Mg KAEH (LK
1B) o SEmGh i S £k s 2 fron. SHAAMLL, ShwsMETAS . mRELANRK
Wi SRV B AR (P<0.05, P<0.01, P<0.05) (WL 2A) , HEGSXEAEE T NS EFIEA

BETE (P<0.05) (WE2B) o PLESRISSSREY], B ASRARAEIUARREEN .
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CGS (g/kg) CGS (g/kg)

& 1 85 AS3¢ 8 A S A R BRA h FJsr h / RARTERT TR ( x+s, n=8~10)
Fig.1 Effect of CGS on the survival time of atmospheric pressure hypoxia tolerance experiment and sodium nitrite poisoning
experiment ( x+s, n= 8-10)
W (A EHAISVESLE:; (B WA #EE. 5HEMAE, #P<0.05, #P<0.01. Note: (A) Atmospheric

pressure hypoxia tolerance experiment; (B) Sodium nitrite poisoning experiment. Compared with Mod, #P<0.05, #P<0.01.
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Bl 2 575 AS3F S MR I SE5 /N B S TR SR BB ( x+5, n=9. 10)
Fig. 2 Effect of CGS on the gasping time and gasping frequency of acute cerebral ischemia experiment ( xts, n=9,10)
i SRR, #P<0.05, #P<0.01, Note: Compared with Mod, #P<0.05, #P<0.01.

22 8AAE L RMERE IR /R F AR EI R

GO ERIMLERAESE GG WL 3. SEREHAEL, AN RAFE I AR Z 450 (P<0.001) , RUIH
P _ERRFE RS B ULER M SR, BEAR 7 WU DTS PSRRI RE 1, BREALAIMEL, BO5 A
SR/ BAAER B EIEK (P<0.05) , KRBT NSNS BRI S0 5o ULSR i G



AR RA R ER .

T A
Survival time (min)

Hy Mod CDS 0.7 1.4 238
CGS (g/kg)

&l 3 55 AS¢ 4D AT /D RARTER FIKEM ( x+s, n=9. 10)
Fig.3 Effect of CGS on the survival time of whole heart ischemia and hypoxia experiment ( x*s, n=9,10)
v GEEA LR, TP<0.001; SEERIHLLES, #P<0.05. Note: Compared with Hy, **P<0.001; Compared with Mod,
#p<0.05.

2.3 BAREMIHER NP F R P E T ASI R MIE &N AE RS0
EREARLE 4, EEFAGELE T, 5EANIRAME, BARAH S/ LE MDA
HREFHIE (P<0.001) 3 SHEBAML, BHESMELTASMK. . @fEL /D RS+

MDA & B EEIL (P<0.01, P<0.001) (WK 4A) . HEVHEEEM T IR, 55 A0 R4AM

MDA

b, REAYZH SRI0 /N RS MDA & & B E TR (P<0.001) s HEERAMIL, S ME TN
Zr | mEAE AN RIS MDA &8 2% FFIL (P<0.01, P<0.001) (A 4B) .

SOD G PESE W 5, TEZ B A SEI0 T, BEALLE /N R IS o SOD Jif 1 5 % (ki HE 2 AH LL 2
FIRL (P<0.001) ; HHEBIAMLEL, EHASE. . @FIEAN RIS 1 SOD i i3 T &
(P<0.05, P<0.01> (WK 5A) o MR THERR S, 520 RAMt, B4R I
o SOD WG & T % (P<0.001) : SHEAAMLEL, BB MEITASM. b, milEa/ i
JEH I SOD yE AR B A5 (P<0.05, P<0.01, P<0.001) (LK SB) .

GSH-Px iG &5 RILKE 6, FE% GRS, B4/ IE T GSH-Px & 15 7% 10 HRZHAH
P2 RAC (P<0.001) ; SR, EHWSMETT NS, . & &4/ BUIE $ i
GSH-Px ¥ /) # ks (P<0.01, P<0.001)  (ULIE 6A) . TEANEREN P EELIGH, 525 AXT A
b, AL /N BRI T GSH-Px 36 /1B B FFF (P<0.001) ; SEEAI4IML, EHASMK. F. &

sl 2/ BRUMLYE B GSH-Px 3% 1 BT F & (P<0.05, P<0.001) (L& 6B) .
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B 4 5 NS/ B ILEH ) MDA SEMEM ( x+s, n=6)
Fig.4 Effect of CGS on MDA content in serum of mice ( x +5, n=6)

TE: (A EASASR; (B WHRRMTHELE. S5EAXIRANE, "P<0.05, "P<0.01, "P<0.001; 5L
HLbEE, *P<0.05, #P<0.01, **P<0.001, R[F. Note: (A) Atmospheric pressure hypoxia tolerance experiment; (B)
Sodium nitrite poisoning experiment. Compared with Con, *P<0.05, *P<0.01, **P<0.001; Compared with Mod, *P<0.05,
#P<0.01, ##P<0.001, the same below.
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Fig.5 Effect of CGS on SOD activity in serum of mice ( x +5s, n==6)
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Fig.6 Effect of CGS on GSH-Px activity in serum of mice ( x +s, n=6)
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R 7. SFAMSBAME, F7E BRSO WU I Sk R 2 /) FRUILE 5 LDH Al
CKiE HEZETHE (P<0.001) . SHEAHMEL, EARESMETASMK. B, SFEHY 6L ERF
/NS F i LDH F1 CK W& /7 (P<0.001)

A B

1.0+
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& 7 85 NS4 0 B SR 5 /N R LDH A1 CK S /1MW ( x+s, n=6)
Fig.7 Effect of CGS on LDH and CK activity in serum of mice after whole heart ischemia and hypoxia experiment ( Xts, n

—6)
2.5 M AIBZE IR
2.5.1 £ AB A bk Bk Ja AR EAR R e 80 0 ik

FIFH TCMSP Hi x5 N SE o MR R TR R, 2 Uniprot B8 L IE S5, 935
JTNSENERST 98 A, W RLMFE A 1364 4, EBRESHAUMRIEE, ikt 227 M85 NS TE
PR E RS (LIS 8) o M GeneCards. DisGeNET K OMIM %4 i 33 Bk A w4 i, &)
R B A, BAAE] 6 121 MEEASHE M K E T NS R A S S 1 R A
I P B AR AR AT 94 (LK 9) o K BUEIS RIS 42 HE rUE T Cytoscape 3.7.2 # AR 57
G-I TR - B 2, AZ s Y 156 AN A 479 SRaL ALk, AT RARRAY), HOR
AT RARRIE Ry, ORI SRE HREE, FROARREIERS . A5 2459 (81 HAH
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JEEARHG 00 28 0 R R P KD I R EATHE Y, HEAA AT 5 T ME R R 31 L. - B8,
I FH2E A (W3R 2) , RPgns 5K 10 diE v s g5 AR .
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Fig.8 Active ingredient-target map of CGS
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Fig.9 Venn diagram of hypoxia action target and CGS active ingredient target



B 10 254354 B Ar- R SR i X 4%
Fig.10 Drug-active ingredient-key target network
F: RS: AZ:; DG: HH; BSS: dt¥bZ: DS: #%%5; JGL: &% 4. Note: RS: Ginseng Radix et Rhizoma; DG:
Angelicae Sinensis Radix; BSS: Glehniae Radix; DS: Codonopsis Radix; JGL: Tinosporae Radix.

R 2 BT NSHRALEF RS
Table 2 The main active ingredient of CGS for anti-hypoxia
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Fig.11 Target diagram of the intersection of anti-hypoxic components and hypoxic diseases
A (A B ASHURER PPI M,  (B) ZiW)-#500ii% 04 sl Note: (A) PPI network of CGS for anti-hypoxia;

(B) Drug disease core target map
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Fig.12 Analysis of main pathways of anti-hypoxia ability of CGS

##: (A) GO-MF; (B) GO-BP; (C) GO-CC; (D) KEGG.
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Table 3 Active ingredients corresponding to key targets of CGS for anti-hypoxia
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Fig.13 Molecular docking pattern diagram
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Note: (A) Crystal structure of the target protein; (B) Optimal docking conformation between the active ingredient and the

target protein; (C) 2D planar display of docking interaction.
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Fig.14 Effect of CGS on HIF-1a and VEGF mRNA expression in brain tissue of mice after atmospheric pressure hypoxia
tolerance experiment. ( x+s, n=3)
E: 5EAMRALE, "P<0.05, *P<0.01, **P<0.001; SR, #P<0.05, #P<0.01. Note: Compared with
Con, “P<0.05, "P<0.01, " P<0.001; Compared with Mod, *P<0.05, #P<0.01.
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