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Abstract: Objective To investigate the mechanism of salidroside in treatment of cancer-related fatigue based on network
pharmacology and to validate these findings through animal experiments. Methods Targets of salidroside were retrieved from
databases including HERB, ChHEMBL, and PubChem, while cancer-related fatigue-related targets were collected from GeneCards and
DisGeNET. The common targets were identified by intersecting the two sets. GO functional enrichment and KEGG pathway analyses
were subsequently performed. A PPI network was constructed using the STRING database, and core targets were identified using the
CytoHubba plugin. Molecular docking was conducted between salidroside and the key target. In the animal experiments, a cancer-
related fatigue model was established in tumor-bearing mice induced by fluorouracil chemotherapy. Through exhaustive swimming
experiments and tail suspension experiments, the degree of fatigue alleviation after the intervention with salidroside was observed.
Immunohistochemistry was used to verify the expression level of the target protein Aktl in skeletal muscle. Results A total of 134
overlapping targets of salidroside and cancer-related fatigue were identified. GO analysis indicated that these targets were significantly

enriched in biological processes such as regulation of apoptosis, cell migration, response to nutrient stress, and cytokine-mediated
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signaling. KEGG pathway analysis suggested that the core mechanisms involved the PI3K/Akt signaling pathway, endocrine resistance,

and pathways related to neurodegenerative diseases. Through topological analysis, 10 core targets including Aktl, MAPK3, and

MAPKI1 were further selected. Molecular docking results showed that salidroside has a high affinity for Aktl. Animal experiments

have confirmed that salidroside group of mice had a significantly longer time for exhaustive swimming compared to the model group,

and a significantly shorter immobility time on the tail suspension test (P < 0.05, 0.001). Immunohistochemical analysis showed that

salidroside could reverse the downregulation of Aktl protein expression in skeletal muscle induced by fluorouracil (P < 0.01).

Conclusion Salidroside can ameliorate cancer-related fatigue through multi-target and multi-pathway mechanisms, with Aktl serving

as one of the main targets.

Key words: salidroside; network pharmacology; cancer-related fatigue; Aktl; MAPK; TNF

Jar DRI 9 = A i B i IRk 2 —,
KSR RRS H 595 s B A 2 LB B B 9% 57 K, ™
S S AR NS R B AR ACR M, g,
b 80% e i i #H E VR T B TR B 97 IS 2 e A
PRI =, FLI Ay B IR 7 IR T R B B 2, o
RIVE I Z VR )T e M HEE AR 29 70 Canig g7
B DHETTD M2V GRS A R S
A2 I RcA R A A B R BB Fik, F48
LA T B TT SRS O AT T B E . B
TR, w2 R A M o E SR TR PR = 5 T
JEILH R S, Al 28T, 2l R GE
JeE R ZREIRBIMER . 40 KA SR BRI 5
RETIERZE, &Sk X, BA S
KT TR W TR SE 4L e R R AR B
KA IPUE S E S, A SR R A SR 2
TRy, BAPUES . PUEM. BRI
G2 PR BRAE T, efip 2 iR K R 12 3 S 801
5718, HAL 5 5 ma B L2 R B AU LA 2L
FRER 36 B PIAH 010, X = R R = Kk
AL BN ASHIE T ) 26 25 3 22 A BT 405 R
TR SR, IS5 A BN S50 50 UF H B 57 SR
KABRAT TR, A5 SL25 R FO AN PRS2 e it
— JE I SE B AR A
1 MR5E%
1.1 5

AR RKH (RESH 91.87%, #t5 110818-
201910) W H SEE SEEAF ARG R AF, IR
W EVE STV CGBRA% 10 mL ¢ 0.25 g, #it5 H31020593)
W B AR 2 A F], R (it
1715841) 4 H 34 [H Gibco A7, PRMI-1640 £ 773
(#t5 31800022) W HEE Gibco AH], [ N
({5 J150013) 4 H 3% [E Hyclone A #] .
1.2 ARk R SEIEE4Y

CT26 4HMik B A28 K% R s s AR =

Belm R 2 B SE 0 = 2 fit . SPF 4% BALB/c HEPE/INE
B30 W, ME 15~18 g, T H ka4l F fe st
BN HARG IR AT [VFANHES SCXK (51D 2016-
0006], FAFRFEDORENREEFESLE 0 SPF 2%
NIRIFRIA] . ASHIF T H A R SESG S AT SR 56 T 5
LR AR B DOR 5 N B E B S 56 20 P A A6 3 o A
Lo AEMUE GitiE 'S 20180913).
1.3 SEINER

Cell240 CO, H5 7748 (FE E A R A ] ), CKX41
WKICEIE DMEE (HA Olympus A#]), Centrifuge
5415R g ALYl (48 [E Eppendorf AR, HL
VKA B REA L REIR R R 42440 H 25 [ Bio-RAD
AFl.
2 Bk
2.1 MEHAEBFHE
211 A5t REMRH EIE 4%/ HERB
(http://herb.ac.cn/) ChREMBL Chttps://www.ebi.ac.uk/
chembl/). PubChem Chttps://pubchem.ncbi.nlm.nih.
gov/) G EEF LA “salidroside” AR, R
SORHHIERSE S, i SR A UniProt £ H 5
Bt PE AT A PR
2,12 JEEIMEIE Z AH G SR ik BL “cancer-
related fatigue” A K B 7] /£ GeneCards C http://
www.genecards.org/ ) « DisGeNET ( http://www.
disgenet.org/) ¥ FEAe 0 PRI VIR = AHOCHE £, IR
B “relevance score” KT H A7 85 i, RIS %
DRI = AH S R #E RO F L BRI, 45 2IAHR
B AR AR .
2.1.3 M@l R EBUHEAER (PPD (2% fH
Venny 2.1 T B X215 R H AR F ORI DR 1 9% =
FHOCEE S 5, RAFLL s R BRI s I MRS = 1)
TEHBE . K2R fU3 N STRING i #5 FE
(https:/string-db.org/), WALHAE %L 0.9, HAthZ
HINERIME, #9%E PPI 45


http://herb.ac.cn/）、ChEMBL（https:/www.ebi
https://pubchem.ncbi.nlm.nih/
http://www.genecards.org/）、DisGeNET（http:/www

* 40 - FENBE1H 202665F1 H AR # WA  Drugs & Clinic Vol. 41 No. 1 January 2026
2.1.4 FRAMIL (GO) Thie s 553 Al #R LA ARG T-/IN BB ES, KN BB KIR (25+1) CHY

H5RERNAFRE2T (KEGG) HBHEEM T A
Metascape 1£2& T E 0% H B9 76 4R T3 AOgEAT
GO IIRE & 4T A1 KEGG s = 8011, UL T iR
ER¥ESRZE5NAEDEERE.. 2 Tr s 58
M, KIVEIRERE ST 20 A7 145

2.1.5 O RRE K PPL R R Cytoscape
3.10.3 #fFr, FIF cytoHubba i 2R 5
WE[FE (degree) i s KBIHOME (MCO). KR40
A (MNC) T RBET i . 2R A
3 degree X 0.4+MCCX0.3+MNCX0.3 HHLEE
P4 (Score), FiikZRaHERET 10 £7 1) /5 BAS LR
RAENIZORE R, T R 2255 14 S SRER SnIE

21.6 AFRESZOES D THEEIE AT
PRl 20 5 R B 5 A% 088 5 2 1A 1 25 & Re AR ELAE
I, KA AutodockVina 1.2.2 (http://autodock.
scripps.edu/) A BEAT 73 TP EERE . H B
PubChem ##% FE 3k 45 T L5t REF 0 1450, 5
M PDB Chttp://www.rcsb.org/) % Aktl & 45 .
F A B B o 1O 5y PDBQT %24,

LRI K, IIIARPEEE T IASHE JE R DL
vk S S D Ny AR B S Y VA [ E) s v DG
BEOSE N 30 AX30 AX30 A (1 A=0.1
nm) IIEHEIALE, AEEN 0.05 nm. PLZ5H
e R /MEHIB LG S AR BB LSS, T
—5.0keal/mol (1 cal=4.21) 1y AH EAE FH %
B, FRexHess R T iAk.

22 mIEW A

221 AN A2 2% Abulizi G
HIER T, KA BALB/c /N, I 7 R Hefhgk
g CT26 ANiEfk CAIAREFE N 2 X 106 4~/200 pl)
PR I /D BRAR Y, A MR AR 100~150 mm?
(Z)7d) J5 1955 o F BN BB L 73 oxs HEZH
B, 25 REH, A 10 A MR ip A3
#HK, 02mLAR, FEH 1K AT 20 mg/kg
[RIFFIE: ip SPRMERE TSR, BaH 1K 450K E
HAEBA LA b ig 20 SOR BT, 40 mg/kg!™,

FER VIR, EE5253 . WG | IR RGN
2 1d, SRR, FET ik S A R S
5, ZfaWgg 1d, MR R TE FmE, SIEL
TIHERAL, BAAER AR [ E .

222 ITAFRIEZRE (1D JjgiEkse:
R TREM YT 7%/ RIAERENEIEY, HEH

kAT (55 30 cm X K 30 cm X %8 30 cm) BT
IR E 2 H I EREE, TR =10s, DR
Pittietal. (2) BRsE: FEMA R AR N RER
FirE B RN b, RE PR AR 2 om, R D
B R vk o v /N BB S B Sk ER HATET 50 cm,
105 6 min /N ERAS BRI ]

223 EEARIE SRR AT AN iR
A IHEA WL S B1 (Aktl) FikKF. B
Fla, SEFHAOUBCK 20 f5#1, KA Image J
AR, FEABEHLIEZEL 5 4 400 f5ALEF,
54 H-Score AT /5225007 .

224 Hiit¥ oM KA SPSS 26.0 AN
GraphPad Prism 9.0 JfF3EAT i vh24 73 AR K sk
IBAR LA X + s T, et AT ESMRE, FEIES
oA 2 WA L ECR SR R 7 Z 51 (One-way
ANOVA ), 10 P M Lt K A LSD- A 56 5%
Dunnett’s £536. 3EIEZS 745 804 R A Kruskal-
Wallis H dES 5065 -

3 Z#R

3.1 MEBHBZLER

300 LLECRFVRIT R R = 0V AR A S A
ISR R B 573 A, SRR = A
1722 A, BUSHEBR S RERITERAEEZ 1
VERIRE A4 134 4, WK 1.

LLFRH RV Z

1588

E1 AfsXEMEEMRZZEESFEE
Fig.1 Venn diagram of the intersection target of

salidroside and cancer-related fatigue

3.1.2 PPI Mzt FIAH STRING ¥ X ik
1 134 ANETEVE B Sk T g i, WA 2.
ZM 2% 134 AN S 288 S 4R, Hr s AR
TR, AR S A EAE R R

3.1.3 GO F KEGG #E¥ & H£08r ¥ Fik 134 4
ACEEHE 53N Metascape B4, 31T GO EH4r
Fr Al KEGG @53 #T. 428 P A B/ BR BT
IEREHER AT R 2 HAE K. GO i 4
TS AR R R A AT R I IR . X E R
IR Y RSE 40 Bk I 5T ) ) B4, LIS 3A KEGG


http://autodock/

ENBELIH 2026418 AR & 5tk &

Drugs & Clinic

Vol. 41 No. 1 January 2026 * 41

&2

AFRRERTRRMRZERES PPI %

Fig.2 PPI network of target of salidroside in treatment of

cancer-related fatigue

A TEAERN RS BRVLEE 3-BE
(PI3K) /Akt {5 5%, WK 3B,

3.4 %OERRSHT FIA Cytoscape 3.10.3 #ff
i) cytoHubba fHLEXT PPI W& EAT 04T, 408
Score {HBHATHET, ILiEIEH 10 AMZOA/ERSE R,
M BRI 39N Aktl 25> 2L JE R AL 25 1 il
(MAPK) 3. MAPK1. Akt2. IR RFER ¥ (TNF).
B RE4HRE-2 (Bel-2). F4EN 2% (IL) -1B.
WMEBZR 32K (ESRD. IL-6+ 415 S8 T-1A (HIF-
1AD, WLER 1, 25HEs5H] R 2% B a4 o .
3.1.5 S FRHERGE N TEIE EIRSIRE R, ik
PEHEAZ OE R A2 B Akl FILLECR T
X M. GRAERW], RO E AT L )

—lgP

&3

SEAEF A TER S Akl EALS S, HEE
At N—7.851 keal/mol, EMGE S ERRE, WK S,

positive regulation of apoptotic process

positive regulation of cell migration

regulation of apoptotic signaling pathway
response to nutrient levels

cellular response to lipid

response to peptide hormone

cellular response to cytokine stimulus

cell population proliferation

response to radiation

response to xenobiotic stimulus

positive regulation of protein modification process
hemopoiesis

regulation of cell activation

response to decreased oxygen levels

response to steroid hormone

positive regulation of cell development

regulation of smooth muscle cell proliferation
cellular homeostasis

response to nutrient

regulation of extrinsic apoptotic signaling pathway

pathways in cancer

PI3K-Akt signaling resistance pathway

endocrine resistance

longevity regulating pathway

fluid shear stress and atherosclerosis

pathways of neurodegeneration - multiple diseases
Th17 cell differentiation

platinum drug resistance

cytokine-cytokine receptor interaction
adipocytokine signaling pathway

microRNAs in cancer

Transcriptional misregulation in cancer

NF-kappa B signaling pathway

TGF-beta signaling pathway

parathyroid hormone synthesis, secretion and action
type II diabetes mellitus

cell cycle

adherens junction

mitophagy - animal

cushing syndrome

ARRERTREMEZ/ERAES GO (A) M KEGG @ (B) ESH£E7E

Fig. 3 Enrichment analysis diagram of GO (A) and KEGG pathway (B) targets of salidroside in treatment of cancer-related

fatigue



<42 FENBE1H 202665F1 H AR # WA  Drugs & Clinic Vol. 41 No. 1 January 2026
# 1 HARE 10 (A0 E R K Score WRoR, SXHRALAREL, IR /N B 7 uE i vk
Table 1 Top 10 core targets and scores (A E 465 (P<<0.001); &g RETFHE, /N
fEai  degee  MCC  MNC  Score [y i) & HEK T (P<<0.001); BRI &R,
Aktl 18 469 17 153.0 "~ - , s 1
B AR EE, A2/ B AR BN ] 2
ks o o 0 unp AL, BOBALNRERIN LS
MAPK1 19 410 19 136.3 (P<<0.001), T 215 R LA B I (] 2 3 4 3 (P<
Akt2 9 204 9 67.5 0.05), WK 6. EBRITHNALIREKN], LFKHERE
i . . oM W R R VT S 10D B B )
IL-1B 12 132 12 48.0 NP EIESTREAT R, RN R R R = A
ESR1 16 122 14 47.2 BRI EER .
IL-6 15 117 14 453
HIF-1A 13 113 10 42.1 3007
ESR1 — BCL2 2 4007 - i
7 O = g
HIF1 #W\ AKT2 g S
/ \ 5200
@
IL1B AKT1 = 1007
0_
\ / PO CUREAR O e
IL6 MAPK3 300 ]
MAPK1— TNF = %
ZE 200
B4 AsXERTEEMNRZ N OERESMEE E
Fig. 4 Network diagram of the core action targets of EI% 100
salidroside in treatment of cancer-related fatigue
0_
W OB RCRTF

Bl5 ORXEM Aktl B9 FxiiEs
Fig. 5 Molecular docking results of salidroside and Akt1

3.2 EISEIRGE
320 ZLSREXEZ AL 35 ik sk

Xof HE !

SRH

XA "TP<0.001; SEALILE: "P<0.05 "P<
0.001.
**P<0.001 vs control group; *P<0.05 ##P<0.001 vs model group.

Ble URREIEZEZENFME ( xxs, n=10)
Fig. 6 Effect of salidroside on the degree of fatigue ( x %,
n=10)

3.2.2 AFREXMNEFHEILI Aktl LIERFE
W S5 REIR, SRR B, BN Aktl R
B PR (P<0.01); MZLF RN Akt £k

B B (P<0.0D), W 7.

407

304 g
- g
%
3 20
®
é ]O. ks

o =

1 Tr T
WPRE R AR

EX AR "P<0.01; SHBALHE: #P<0.01.
**P <0.01 vs control group; #P < 0.01 vs model group.

7 AEREMNEEAELS S Aktl RIEFIZME (X400,

X s, n=10)

Fig. 7 Effect of salidroside on the expression of Aktl in skeletal muscle tissue (X400, xts,n=10)



ENBELIH 2026418 AR & 5tk &

Drugs & Clinic

Vol. 41 No. 1 January 2026 * 43

4 e
DUARHEFER Y], LR E BA KRS T

FRACRE TEFR A R PUR7 SR04, AW s

B I 25322 T 0%, Bk 205 R VR T e Rk

WZHIHE A . M GO ThREw R Irai RokE, 45

TR BEME S20e B B LA L 8 FR A RN, e

Felaii. IRSRBER IR, AT AR5~ L4

W3E. T KEGG 32 E A PI3K/Akt {5518

B NIARPTRE . Ho, RPE IR, X

JEIT. RSB < R A 7 (0 S S SE D eI I 211

T T2 6 PR 84 GRS 5% S5 HBA QA 35 22 075 T 8 N 2%

M PI3K/Akt {5 5 18 B 7E A1 A= A L A7 30 S AR S

MEREE, CAEVIRVIZE T IE M R

ZWRA KRR PR EEEN, BidzE T

Al LLIK 26 97 R R R = m R U7, Akl 2

PI3K/AKt {5 5 H B AR 53 22—, wliE L 1 AL

LRA D RERE I RE A 0, I8 57 R CE A PR 3R

U8 2 2 A e B 21 5K HIAZ O S

KN Aktl, Hor FRHEE R TR Aktl MZLSR T

REfRsE 4G, ULHH Aktl FIRERLLSORH RIEIRIT

PEFH I REE iR . FEBISEIR . s ik SEAR AN

RSN HE B, MEBTEMA, 2RREHD

B AT 3B DK IS 1A) B35 B, B R AN Bl TR B (B 4

} (P<<0.05. 0.001), XEMILFRF BB H AL

AT SRR R Z SR RE, SR = SER

R AL Aktl ZEHEATR, SR BN, H

BT R Akt] 1R FERIE KT IR, $20R Aktl

ARERAFREMEHE AL —. SR EPR, 45

REEIRIT R IR = R UL H RAF N TS, A

JR BT T E BB TT A
FlBFR ARVEHENFARELEA TR

&k

[1]] Rau K M, Shun S C, Hung S H, et al. Management of
cancer-related fatigue in Taiwan: An evidence-based
consensus for screening, assessment and treatment [J]. Jpn
J Clin Oncol, 2023, 53(1): 46-56.

[2] Al Magbali M, Al Sinani M, Al Naamani Z, et al.
Prevalence of fatigue in patients with cancer: A systematic
review and Meta-analysis [J]. J Pain Symptom Manage,
2021, 61(1): 167-189.

[81 AU, ZF5E, FREE, 5. 8 E MR = AL &
FRPUEE TP ACEEE [J/OL). HrBEaAER, 1-7 [2026-01-13].

(4]

(5]

(6]

(71

(8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

https://link.cnki.net/urlid/41.1411.R.20250506.1537.002.
FHGFe, BARE. KEL LSR5 TH AL 5 R X/ B
HIPUIR 55 1F FH EL B 0], 3B 38 K% I 2 54, 2022,
45(1): 19-22.
w28, X, T, 5 3 RRLLRORIRIIN /N RIE Sl
PESRS7 BN ()], 2R SR, 2024, 30(20): 85-88.
Zhang X M, Xie L, Long J Y, et al. Salidroside: A review of
its recent advances in synthetic pathways and pharmacological
properties [J]. Chem Biol Interact, 2021, 339: 109268.
XU, W, M, & AR RAERTIR [J].
HhEE24, 2024, 55(9): 2875-2886.
WuY C, LianY Z, Zhao HW, et al. Ginsenosides, salidroside,
and syringin complex exhibits anti-fatigue in exhaustive
exercise rats [J]. Int J Med Sci, 2025, 22(1): 17-26.
TR, FFEW, WRE. ARRETXEBIIET KRME
RS [I]. R RIEREDL R AR A RAEE
fi, 2011, 27(1): 1-4.
W55, LLSCRTERIE B 5T R BUE B WL kLA E
FAQHE SR FET RERISEIR [T]. M R 2R AR
54 R AR, 2021, 42(5): 61-66.
Abulizi A, Hu L, Ma A, et al. Ganoderic acid alleviates
chemotherapy-induced fatigue in mice bearing colon
tumor [J]. Acta Pharmacol Sin, 2021, 42(10): 1703-1713.
Mabhoney S E, Davis ] M, Murphy E A, et al. Effects of 5-
fluorouracil chemotherapy on fatigue: Role of MCP-1 [J].
Brain Behav Immun, 2013, 27(1): 155-161.
FRES, SRMNAL KER. ZLRRE N SIS S e i
I 26 B8 8 R TR T S LA D). W R 0 B
£, 2017, 37(2): 366-371.
Liang K K, Ma S H, Luo K, et a/. Salidroside: An overview
of its promising potential and diverse applications [J].
Pharmaceuticals, 2024, 17(12): 1703.
Wang J B, Zhang GY, Wang D N, et al. Effects of nano-
Rhodiola rosea combined with treadmill exercise on anti-
exercise fatigue in rats [J]. Front Nutr,2024, 11: 1446944.
Kober K M, Harris C, Conley Y P, ef al. Perturbations in
common and distinct inflammatory pathways associated
with morning and evening fatigue in outpatients receiving
chemotherapy [J]. Cancer Med, 2023, 12(6): 7369-7380.
Guo W, Liu S, Zheng X T, et al. Network pharmacology/
metabolomics-based validation of AMPK and PI3K/AKT
signaling pathway as a central role of Shengqi Fuzheng
Injection regulation of mitochondrial dysfunction in
cancer-related fatigue [J]. Oxid Med Cell Longev, 2021,
2021: 5556212.
Xie X X, Shu R N, Yu C A, et al. Mammalian AKT, the
emerging roles on mitochondrial function in diseases [J].
Aging Dis, 2022, 13(1): 157-174.

[FTHEmE =Rl



