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Abstract: The aim of this paper is to explore the key anti-fatigue active components in the saponin-like
composition of American ginseng. The anti-fatigue activity of western ginseng samples was evaluated using a
zebrafish model; metabolomics techniques were used to identify the main saponins in western ginseng from
different origins; the active substances and relevant targets of the anti-fatigue effect of western ginseng were
initially screened by constructing a PPI protein interaction network between western ginseng saponins and disease

targets, and the key active ingredients were screened using a molecular docking method; finally, the anti-fatigue
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activity of the key active ingredients was evaluated using a zebrafish, animal experiment was approved by the
Ethics Committee of Shandong Academy of Medical Sciences (SYXK20220005). The anti-fatigue activity of the

key active ingredients was evaluated using a zebrafish model. The results of the zebrafish activity evaluation

showed that there were significant differences in the activities of the western ginseng samples from the two origins,

and a total of 10 different saponins were identified as possibly related to the anti-fatigue activity after further

metabolomic testing and pattern discrimination. The core anti-fatigue targets were screened with the help of

component-disease target PPI, combined with pharmacophore-like parameters and molecular docking techniques,

and pseudoginsenoside F11 was found to have good binding activity to five of the targets. Finally, the zebrafish

model revealed that pseudoginsenoside F11 exhibited significant anti-fatigue activity. This study used

metabolomics and zebrafish model to screen the key active substances of pseudoginsenoside F11 for its anti-fatigue

activity, which will provide a reference for further research on the anti-fatigue of pseudoginsenosides.

Key words: metabolomics; American ginseng; anti-fatigue; zebrafish; pseudoginsenoside F11

W7 (fatigue) 8% #5E SCOXE LUT R B4l Ry B I8
(kR AT B ARG Bl o I 8] )5 57 4 2 AL A E NI
R FERA, I BT 28l H A5 R B A Th
REPE P b 55 2 AP Ak K ME ™. BEE A0 T 22 A A E
Ji A3, 9855 NARAE AWK, 10 HLAF AL 35 1]
P 57 51 A B RUSE A R xR ) R 48 R T
KRR 5] R HIF FE 5 Y DR

WS NS s I EHE Y T 7 2 (Panax
quiquefolium L.) FIMR, BATHNTIRM, T A B, W Bk
WA, A 2 A S5 T 2. 1 FE Bk BT B R VS
h, SR VS BLE BOR K AR 5T, T4 RO H T
SRR N AR IR 2k . HETC 2k
BLVHHE S REAR W) B A S G5 57 7 A AOIN T8 % 55 T B
PERI, Behh, HHTFEM T ES I EA S
THEMREA BE RGOS, B, TERES B
FA U 57 B RS2 AT AR 1 g b,

AR EH 2 A2 X AW R G 9 7 2 B FE R /N 73 11
WHIE, BAERE T TR EY) R G RRm, 3R 08 T — 4
T F4 77 V5 R AR 2 BN R R b 25 B R R SR 7 122
AP A A 2 i T AR R G A P W A T
I3 W AN i L R ) IS 22 5 AR AL, TX 5 R R 2 ) A AR
ME 2. A 7tie AU A A EAR D % 5E T A F
P PSR T R B E R R IR, BT
VEVES 22 A AR B B8 R ELAE AT AL IR 4%, 47)28 0
VU S PUIR 55 A1 ROR o> S FA R RS =3, R 23 10
TR 5t — o 0 e U 55 1R SRR G P B, B
KB R I IR SN 2 2 FLL OB 97 36 1,
IWPHEES R DU 55 1 T B R 25 R 7

MRS R E
SRR PRS0 E BRI U R AR

B RAGHE S R, /3 Al dr 2 8 SX1~5.SD1~5,

281 7R B — BB OR S 5 R SCRITAE 7 03 48 5 R R
W) V4 ¥ 2 Panax quiquefolium L. IR . AN & 2
F11 5% B85 00 2 s8R A E R A IR A 7] (4>
98%).

oK ST (18 25 52 A 50 A IR A D), — H A
TEHR (DMSO, k5 K1723046, % i kAW H ARG IR A
A]), ZE1/K O B D, FEE (HPLC 46 5% > 99.8%, 218
R E2EA TG PR A ), I (HPLC 46 > 99.8%, %%
TR My vy 29 7 A B |) AR R (HPLC 46 % >
99.8%, AL YR PR A Al BNAH I K S 4k
K, IER R Ny g A, F A iRR bt

88 M m AW A i (Vanquish, UPLC,
Thermo, USA), & 4> ¥ it (Q Exactive HFX, Thermo,
USA), DFY-1000 (#£4%5X) £ Dhfe mid h 258 L (5
14 FR 22 7), Sartorius GL2241-1SCN 43 #1 K (3£ %
FI T B4 28 B A ), RE-2000A 3 2% e #% 75 KA
R M R} 28 2 B0 15 4% A BR A /) ATTY 10002 HL K1
(L FE FE P BB A IR A D), 55 IR R R
(g A S IR B A% A ) o

SEIREN  ASLUG SR A WT B 4 B s 4R B 1
HT Ll AR B8 — PR BL K % B 5 fa F 7 b oD B A, SR
BRI VA TR, R IR 9K F 14 hot /10 h BR B,
pH 7.0~8.0, 5 ¥ 27 £ 0.5 °C. B se sk EA
= AR B A B 25 51 23 (At HE (SYXK20220005).

AR A ES HEATIE S AR

BE S % PHEES SDILSXT MR, AR BURLE &
&, K 10 £5 5 F B A5 S B 30 min, 198 )5 B S 1R
B IR, & 9 RSB B O BT, 2% 24X 10 mL
FEAT, N B2 T 46 T8 24 h, BB S B .
53 ARG 2 FR U B 3E &, N\ DMSO ¥ i, it B &
WPE N 100 mg-mL™ VG S RESEY) B -

9% 57 7K IR0 % 57 77 v SR A FH AR S



- 1026 - 242224 Acta Pharmaceutica Sinica 2023, 58(4): 1024-1032

1) R T T80 7S A R ) 0 55 e Dk A B (i S
202221704440.1), %% & 0] [ KL S A LI FEA AT
DI K, JE AT BB AN RIS AL, T AL 3 I Uk S %
fFo R BRI S N a B, SDUR . misi &4
(25 F1 75 mg-L™"), SX1 1K« = A & 26 (25 f175 mg-L™Y),
A RRBEH (HIT), A 6 % FTIFR B dIE, b
JZ (184: 10 cm-s™, 5 min; 2 #%: 20 cm's™, 5 min; 3 #4:
30 cm-s™, 10 min; 4 £4: 40 cm-s™, 10 min; 544: 50 cm-s™,
72 N X ) B FEE R v DK T P K I I T, B R E K
TR BT 7K UL L 2 A A VA B K T R i DR AR, A SR B
I 1 06 T vk L 2R U5 ) 20 s B FRTEST ) A 45 24 i U8 Dk A
6] (2,), FFH BE 5 BN G 15 B A BLRL P o R TR
AANRGZRREE TR KT . 5274 RIGEE FIRDER,
752045 25 Ja e vk s 18] (2,), I IR S5 KA =
(t,— t.)/t,x 100%, {8 FH Graphpad # {4 2 17 34 K Z 1)
it or i, AL EEBCR H SR K 07 22 73, P < 0.059A
NEABFEMTER.

H AT AR B AT i vk, L UK
18 A2 B R AL AR B 30 min J5#EAT H 4T AR A
F & UORE R TR EE N 5 min 5, #1475 174
3K il 30 min, 5 H 5 A H] Matelab 814 #4717 4 % 43
. Gevk & AL B B DL AGE B s AR

FFESHANRBEF IR

LA AN 4 SD1~5.SX1~5 RAER ] A
KR L= IR 1 Pros. K SD1~5.SX1~5 1
AL P S B OB R, 1 50 B IR S, B A
PO VES AR 0.2 g, K55 PRE, K5 2% I HER 25 mL,
i FE AR 30 min, A, FHTEEE A, #5257, 0.22 pm JE
JEpE T, B
Tabel 1 American ginseng sample (five years) information. SD:

Shandong; SX: Shanxi

Sample name Collected time Producing area

SD1 2021.02 Wendeng, Shandong
SD2 2021.09 Wendeng, Shandong
SD3 2021.10 Wendeng, Shandong
SD4 2021.11 Wendeng, Shandong
SD5 2021.12 Wendeng, Shandong
SX1 2020.02 Hanzhong, Shanxi
SX2 2020.09 Hanzhong, Shanxi
SX3 2020.10 Hanzhong, Shanxi
SX4 2020.11 Hanzhong, Shanxi
SX5 2020.12 Hanzhong, Shanxi
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Comparison of the anti-fatigue efficacy of SD1 and SX1. A: Rate of increase; B: Autonomous behavioural trajectory map; C:

Speed and distance of autonomous behaviour. n = 6, ¥ 5. "P < 0.05, P < 0.01 vs Con.; “P < 0.05, *P < 0.01. SD1: American ginseng from

Shandong 1; SX1: American ginseng from Shanxi 1; Con.: Control group, HIT: HongJingTian capsule group
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Figure 2 PCA and OPLS-DA analysis. A: A scatter plot of PCA and OPLS-DA scores in positive ion mode; B: A scatter plot of PCA and

OPLS-DA scores in negative ion mode. PCA: Principal component analysis; OPLS-DA: Orthogonal partial least-squares discrimination

analysis
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Tabel 2 Analysis of differential saponin components. VIP: Variable importance in project

. Retention . Error
No. Metabolite R . Formula mlz MSE fragment ion B VIP
time/min (x107)
1 Ginsenoside-Ral 6.61 Cy Hy O, 1209.627 3 [M—H] 945.557 5 [M—H-Xyl-Ara] 5217 1.113
459.432 9 [M—H-Xyl-Ara—-3Glu]
2 Malonyl-ginsenoside 6.37 C,,H,,0,, 1193.596 0 [M-H] 783.496 1 [M—H-mal-2Glu] 5.229 1.358
Rbl 621.441 6 [M—H-mal-3Glu]
3 Malonyl-ginsenoside 6.46 C,H,,0,, 1 163.585 4 [M—H] 1077.599 0 [M—H-Mal] 7.722 1.392
Rb2 783.498 4 [M—-H-Glu-Ara—Mal]
621.441 7 [M—H-2Glu—-Ara-Mal]
4 Pseudoginsenoside 6.41 C,H,0, 783.488 9 [M+H-H,0]" 457.366 9 [M+H-Glu-Rha]" 1.189 1.385
F11 439.356 3 [M+H-Glu-Rha-H,0]'
5 Ginsenoside- Re 6.99 C,H,0 ¢ 947.557 3 [M+H]" 783.489 2 [M+H-Glu]" 1.110 2.02
475.377 3 [M+H-2Glu-Rha]"
6  Ginsenoside Rh3 7.74 C,H,0, 605.441 1 [M+H]" 441.370 7 [M+H-Gh1]" 0.744 1.477
7  Ginsenoside Rf 5.13 Cc,H,0, 783.488 9 [M+H-H,0]" 475.379 0 [M-H-2Glu] 1.517 1.385
8  Genosinside Rg2 6.33 C,H,0, 785.504 5 [M+H-H,0]' 475.381 7 [M—H-Ghu-Rha] 1.008 1.745
9  Ginsenoside Rgl 6.42 C,H,,0, 783.488 9 [M+H-H,0]" 637.434 8 [M—H-Glu] 0.939 1.385
475.377 2 [M—H-2Glu]
10 Ginsenoside Rbl 6.32 C.,H,,0,, 1091.599 6 [M+H-H,0]" 784.518 7 [M+H-2Gh]" 1.824 1.071
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Figure 3 Heat map of differential saponin components
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Tabel 3 Binding of potential active ingredients of American

ginseng to core anti-fatigue targets

VEGFA STAT3 PIK3CA BCL2
Compound T m|
Binding energy value/kcal-mol

The original ligand =1.7 -10 9.2 -12.1
Pseudoginsenoside F11 -5.5 -6.7 -9.2 -7.0
Ginsenoside Rgl -6.1 -6.0 -7.1 -6.9
Ginsenoside Rf =53 -6.4 =77 -7.1
Ginsenoside Rh3 =55 -6.0 -5.8 6.3
Genosinside Rg2 -6.1 -6.5 -6.3 -6.9
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Figure 4
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"Saponin component - core target PPI" network diagram. VEGFA: Vascular endo- thelial growth factor A; STAT3: Signal trans-

ducer and activator of transcription 3; PIK3CA: Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; BCL2: B-cell lym-
phoma 2-like protein; HSP9OAA1: Heat shock protein 90 alpha family class A member 1; AKT1: AKT serine/threonine kinase 1; EGFR:

Epidermal growth factor recepter; JUN: Jun proto-oncogene
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Figure 5 Compound-to-target protein docking diagram. A-D: Docking results of pseudoginsenoside F11 with VEGFA, STAT3, PIK3CA
and BCL2, respectively. VAL: Valine; ARG: Arginine; TYR: Tryosine; SER: Serine; GLN: Glutamine

A 60— *k B

40

Rate of increase / %
*
*

Con. 12.5 25 HIT
PF11/mgL!

Speed / mm-s™!
Distance / cm

Con. 12.5 25 HIT Con. 12.5
PF1l/mgL"!

25 HIT
PF11/mgL?!
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