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[Abstract] Objective To investigate the anti-fatigue efficacy of Hibiscus manihot L. and its
potential mechanism, providing scientific basis and data support for the high-value utilization of
Hibiscus manihot L. resources and the development of anti-fatigue functional foods. Methods The
anti-fatigue activity of Hibiscus manihot L. aqueous extract was evaluated using a weight-loaded
forced swimming test in Kunming mice. The levels of blood lactic acid, hepatic glycogen, and

muscle glycogen in mice were determined. The components of Hibiscus manihot L. were screened
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by network pharmacology, and their potential targets were predicted. The intersection of these targets and
fatigue-related targets was obtained to construct a protein-protein interaction network. Gene ontology
functional annotation and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis were
further performed to explore the potential anti-fatigue mechanism. Molecular docking was performed to verify
the binding affinity between core components and key target proteins. Results A total of 32 mice were included
in this study. The aqueous extract of Hibiscus manihot L. significantly prolonged the exhaustive swimming time
with load, reduced blood lactic acid levels, and increased the contents of hepatic glycogen and muscle glycogen
in mice (P < 0.05). A total of 15 key components (mainly flavonoids, alkaloids, and amino acid derivatives) and
13 core targets were identified, which were mainly involved in biological processes such as aerobic oxidation
electron chain transport, anaerobic glycolysis, and inflaimmatory response. Molecular docking results showed
that core components such as chrysin had good binding activity with multiple core targets. Conclusion
Hibiscus manihot L. may exert anti-fatigue effects by regulating AKT1, HSP90AA1, and related pathways

through flavonoids, alkaloids and other active components.

[Keywords] Hibiscus manihot L.; Anti-fatigue; Weight loaded swimming test; Network pharmacology;
Molecular docking; Inflammatory response; AKT1; HSP90AA1
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Figure 1. Effects of Hibiscus manihot L. on body weight, exhaustive swimming time and
serum biochemical indexes in mice
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Table 1. Active ingredients of Hibiscus manihot L.
) CASES  fLhsRs F5  CASE B
moll  458-35-5 FAFAEE (coniferyl alcohol ) mol49  92-61-5 RS (scopoletin)
mol2  94-09-7 FAEFR (benzocaine) mol50 485-72-3 TR ZE (formononetin)
mol3  1025996-92-2 FIEILZSEY  (methyl kaempferol ) mol51  574-84-5 Z& )% (fraxetin)
mol4  104954-58-7 6~ LA AL IE O R it mol52  1188-21-2  N-ZBk-L-F4R
(6-methyl 6-acetoxyhexanoate ) (N-acetyl-L-leucine )
mol5  117-39-5 quercetin mol53  486-66-8 B GG (daidzein)
mol6  1210-83-9 N-Zk-5-F 5L i mol54  505-52-2 T =k (brassylic acid)
(N-acetyl-5-bydroxytryptamine )
mol7  1979171-10-2  N6-Zt-L-#i% mol55  6402-36-4 2 BRI AR (2-traumatic acid)
(N6-acetyl-L-lysine )
mol8  28047-15-6 N- ke - L - H ke mol56 434-13-9 A1EFZ  (lithocholic acid)
( phenylacetyl-L-glutamine )
mol9  2899-60-7 Z—H & RR-N-3E 3B e mol57  40817-07-0 #H3} (hemigossypol )
(Z—glycine—~N-succinimidylester)
mol10  4423-37-4 TH5 (syringetin) mol58  501-16-6 WINERR  (caffeic acid)
molll 480-16-0 Z 2 (morin) mol59 505-48-6 SR (suberic acid)
mol12  480-19-3 SR (isorhamnetin) mol60  491-80-5  JEMEFEIEER (Abiochanin A)
moll3 480-40-0 SL/ES (chrysin) mol61  552-59-0 TAEE (padmakastein)
moll4  491-70-3 ARFEHZE (luteolin) mol62  54-12-6 DL-t4 %4/ (tryptophan)
moll5 491-71-4 R R ((:hrysoeriol) mol63  20733-94-2  FF Tz g (methyl sinapate)
mol16  520-11-6 LT (nepetin) mol64  61-54-1 @l (ryptamine)
moll7 520-18-3 11251 (kaempferol) mol65  60-82-2 22 (phloretin)
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mol25 112-12-9
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mol28  958-09-8
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mol30  446-72-0
mol31  143-07-7
mol32  73-03-0
mol33  530-59-6
mol34  1999-45-7

mol35  4049-38-1
mol36  3943-97-3
mol37  27167-53-9
mol38  722-01-0
mol39  481-74-3
mol40  1135-24-6
mol41  118-58-1
mol42  61012-31-5
mol43  97-54-1
mol44  80368-74-7
mol45  830-09-1
mold46  334-48-5
mol47  50-67-9
mol48  531-28-2

PR (decanoic acid)
HFREAME (serotonin)
FEFATHETT (androsin)

N-J AP ERLEEE e (N—feruloyltyramine )

2L LR (3-hydroxy—morindone )
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mol70  564-20-5 FETEG (sclareolide)

mol71  2491-18-1  [-FEHEFRH M (L-methionine
methylester)

SRR
(5-hydroxy—L-tryptophan)

XHEEIR (p—coumaric acid)

FFEPR (vanillicacid)

p—ﬁﬁﬂﬁ (p—coumaric acid)

HiRZ B (dopamine hydrochloride )
FEIEAAR (taxifolin)

mol72  56-69-9

mol73  4501-31-9
mol74  121-34-6
mol75  501-98-4
mol76  62-31-7
mol77  480-18-2

mol78  15099-85-1 L-ZKNZZ (L-phenylalanine)
mol79  556-03-6 DL-1i%%4/#% (DL-tyrosine)
mol80  77-53-2 HRABE (cedrol)

mol81 490-46-0  FJLZFE [(-)-epicatechin]
mol82  7295-85-4  JLASE [(+)-catechin]

mol83  50-89-5
mol84  3595-05-9

Bt (thymidine)

KAZZE0, (hordenine)

mol85  5986-55-0  FIkZ=PE (patchouli alcohol)
mol86  951-77-9  MAUHETF (deoxycytidine)
mol87  10338-51-9  ZI 5t KT (salidroside)

mol88  104486-98-8 A ILIAH (dihydrokaempferol )
mol89  20347-65-3  L-Z.FRVKFTiE (L-bornyl acetate)
mol90  1086-80-2 7,8~ FIELIEIE (lumichrome)
mol91  13921-90-9 ZKPFZR (phenylalanine)
mol92  124151-33-3 #AHAFF (coniferin)

mol93  6790-58-5  FERMEFME (ambroxane)
mol94  82-82-6 3-MEEHR (4-pyridoxic acid)
mol95  33570-04-6  HA:MIER (bilobalide)

mol96  65-23-6 M= (pyridoxine)
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T EGFR.FEREK N T2, AKTL EH B Ba; STAT3. 55
S SRR T 35 SRC. B JE PR i R 4 1 ser; 116
402 6; CTNNBIL. B-i%E¥ 4 1 1; HSP9OAA L. #YR T4
90aAl; TNF. JTREIRIEIN -5 STATI. (555 5 55 4 80m N1 15
JUN. Jun 5 3EM s CAPDH. H s -3-BE Rl U ; ESR1. M
22161, CASP3. LRI 3.

WE PRI A SE A DG B [ s DR PR ISR . B
BRI 0 DI L R P - A
LR 7=H) Z K (advanced glycation end products—

receptor for advanced glycation end products, AGE-

927

RAGE) {57 ili% |5 52 e AU 5% 1)
FHOC A B (0 30 74 PR IR AH IR I2 o 7 R %
CHIFAR) o Horh i B . P AR R
JNFEE S . BN AGE-RAGE {5 il % . BRAETA
F Kl + -1 (hypoxia—inducible factor-1, HIF-1)
EReA STl IR E A L E

XA 3 A% 28 AR 7 301 34T GO Al
KEGG 7r#r, ZRE R clusterl Frp LIEH IS
SRR R QU AR b 0 AR B AR OC ;T
cluster2 W 3= 22 95 K S e AH DG % . W DR T &
NE . ORGSR ST B cluster3 Fll cluster2 28
L, W KR UEVE A L B R UL 3 G
(phosphatidylinositol 3—kinase, PI3K) —AKT 5
WG . JAK UM (Janus kinase, JAK)-STAT/{E %
T % EGFR P 22 T U 1t 00 1) 790 Tk 24 4 55 3 3%
S5 5 AR SR GO FIKEGG i B% 5 AR 45 2R K
FORTT
2.6 F{5— 3B m i B 0 4% E Ay

& H Cytoscape 3.10.3 K2z “A%.00 L4 —
S WY, A IS MO . ST
FHSRE 20 Z5ad s, LI RAHRIAGEE AT (F16) . 45
KW, SAEFELNIr FE WA T 246 44
SRR 20 SO B, AP0 57 iIERT

K3 RENEFLOBSER

Table 3. Information of core anti—fatigue ingredients in Hibiscus manihot L.

%2\ SR Yk SMILE &

B

mol9  Z-HZM-N-SEHIHE C(=0)(CNC(=0)0Ccleceeel )ON1C(=0)CCC1=0
g

moll  FAF(IE [N cl(e(eeleel )C=CCO)OC)O

mol6  N-ZJt-5-F2 Lo e

C(=0)(C)NCCele[nH]e2¢elec(ce2)0

mol7  N6-Z BE—L-#i % 2 IR N HATEY  C(=0)([C@@H](N)CCCCNC(=0)C)0C(C)(C)C
#

mol3  HIFEILI A3 il

=

i

0O=clc2c(oc(c10C)clece(0)eel )ee(C)ec20

mol13 FIHH% i cl(ce(=0)c2¢(01)ee(cc20)0)eleccec]

mol21 FUHMEHE AKEEMFELE  01C(=0)[C@@H]([C@H ](C1)Celee(e(ee])0)0C) Celee(eleel )0)OC
mol24 FLRKFEC TR O1[C@@H]([C@H](0c2cle(celc20c(=0)cel)OC)CO)elec(c(e(e1)0C)0)OC
mold  6-ZMHAEIEC R R C(=0)(CCCCCoC(=0)C)0C

moll0 T s Ei cl(ce(e(=0)e2¢(o1)ee(cc20)0)0)elec(c(c(c1)0C)0)0C

moll5 4R H el (ce(=0)c2c(ol)ec(cc20)0)clee(clecl)0)0C

mol30 YuRiR T cle(e(=0)c2¢(ol)ec(cc20)0)clece(cel )0

mol12 5= el cl(e(e(=0)e2¢(o1)ee(cc20)0)0)elec(clecl )0)OC

moll18 F3EE T cl(ce(=0)c2e(o0l)ee(ec20)0)clecc(cel )O

mol25 2—+—i HREY cC(=0)ceeeeceee

https://yxqy.whuznhmedj.com



928

Frontiers in Pharmaceutical Sciences, Jun. 2026, Vol. 30, No.6

96

B4 SREESHS-LRE
Figure 4. Component—target network of anti—fatigue ingredients from Hibiscus manihot L.

30 - == BP
mm CC
25 = MF

4
g
13
s
S

Mitoy,

- g
. . “ .
Biological process  Cellular component Molecular function

B

Pathways in cancer .
Diabetic cardiomyopathy [ ]
Chemical carcinogenesis — reactive oxygen species [ ]
HIF-1 signaling pathway o
Central carbon metabolism in cancer L -lgP
AGE-RAGE signaling pathway in diabetic complications { ®
EGFR tyrosine kinase inhibitor resistance { L 30
Alzheimer disease {(
Kaposi sarcoma-associated herpesvirus infection )
Retrograde endocannabinoid signaling { { J 20
Prostate cancer °
Hepatitis B [ ] count
Endocrine resistance { . ® 40
Pancreatic cancer ° . 60
PI3K-Akt signaling pathway {() . 30
Non-alcoholic fatty liver disease { )
Proteoglycans in cancer o
Influenza A ®

Human cytomegalovirus infection [ )

Non-small cell lung cancer

4 6 8 10 12
Fold Enrichment

5 GO INgEERER KEGG # B4 17
Figure 5. GO functional annotation and KEGG pathway enrichment analysis
E: AGO FR BT 104N 4 B TALE ; BKEGG 88§ 5454787 20 Fd #5270 .

27 HTFHELER
FR 130 AT, EGFR. SRC. ESRI.

AKT1, HSP9OAAT. JUN 6 /%040 5 55 4 ik
S XN R o B 6 AR SER 43 ) R Y
KRR AT T X4, DhtE—25 a0 Wi 0o il oy
RS AT e L FEVE I E ST o AutoDock tools

HATHE 6 A% O FE 15 A I S B I R AT 20X
2, SRR FRSEE SRR/ NT 0, AR
SRISERS (4). B456 68/ T -6 keal/mol H.
AAXS AR -/ Ny 5%, 3] PyMOL 4%
PERTRAL, DARAE/ING > 5 O E R Ve Iy
£ (7).

https://yxqy.whuznhmedj.com



;

HEHG 2026 £ 6 AE 30455 6 A 929

0e®deg
N [ ‘..
o® 00°°%%e, o,
® © ® =
'. "1 o SK2PISEARE . .
& @

ERBB2. . yapyq AKT2-

05164 hsa04723 hsa04932
=

204066 16204933 Hsa05215 hsa01521

E6 i3 m -
Figure 6. Core component—target—pathway network
E: AR AIS, EHREAEERS, EFHBREBA,

R4 GREROESEROBRD FIHEER

Table 4. Molecular docking results between core ingredients and core targets of Hibiscus manihot L.

R 4R PDB ID EYITS a2 4h4fE (keal/mol)
EGFR 3IKA mol13 S 7ES -5.77
EGFR 3IKA mol30 YRR ZE -5.27
EGFR 3IKA mol6 N-Z -5 F2 S0 i -4.98
EGFR 3IKA mol24 REFHRC -4.61
EGFR 3IKA mol 18 FrRER -4.57
EGFR 3IKA mol3 L L A5 19y -4.43
EGFR 3IKA mol15 LR -4.38
EGFR 3IKA mol 12 SRR -4.32
EGFR 3IKA mol9 Z— 2R - N-BEFITE Y BT -4.19
EGFR 3IKA mol10 THS -3.85
EGFR 3IKA mol4 6- AT C R H iR =32
EGFR 3IKA mol7 N6-Z. kL i 2 2 -3.02
SRC ING7 mol9 7~ R~ N-BE I L e 155 -6.87
SRC ING7 mol13 S 7ES -6.71
SRC ING7 mol 18 TR -6.47
SRC ING7 mol3 LB ST -6.37
SRC ING7 moll15 RRH R -5.89
SRC ING7 mol12 SRR -5.46
SRC ING7 mol10 T -5.26
SRC ING7 mol7 N6- Bt -1 &R -5.04
AKT1 7NHS5 mol3 AR -7.27
AKTI1 7NH5 mol24 RIRFHC -6.77
AKT1 7NH5 mol 18 FrRE -6.72
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AR AR PDB ID a5 A2 TR 4548 (keal/mol)
AKTI1 7NH5 mol12 SRR -6.69
AKTI1 7NH5 moll15 SRR -6.65
AKTI 7NH5 mol10 T -5.88
AKTI 7NH5 mol4 6— Tk AL 1 O 1R H 1 -4.5
HSP90AA1 3001 mol9 Z— 2 - N-BE STV -7.13
HSP90AA1 3001 mol3 FH AL 25 1y -6.88
HSP90AA1L 3001 mol24 RERFHRC -6.84
HSP90AAT1 3001 mol7 N6- 2. 1-L-f 2R -6.69
HSP90AA 1 3001 mol25 2= -5.86
HSP90AA1 3001 mol21 E2LUNIFES -5.73
JUN 5101 mol9 Z—H &R -N-3E 5L e i -5.94
JUN 5T01 mol21 LGNS -4.48
JUN 5T01 mol | TR -4.45
JUN 5701 mol24 REFHRC -4.34
ESRI1 9BQE mol30 JURAZ -4.61
ESRI1 9BQE mol18 FrRE -4.48
ESRI1 9BQE mol3 FR L L A5 1 -4.22
ESR1 9BQE mol13 SE7ES -3.98
ESR1 9BQE mol15 R RHR -3.96
ESR1 9BQE mol7 N6- 2.1~ 1L-f5 2R -3.68
ESRI1 9BQE mol21 LRGN -2.53
ESRI 9BQE mol25 2—t— -1.94
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Figure 7. Visualization diagram of molecular docking
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