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Abstract: The anti-fatigue mechanism of the active constituents of earthworm was clarified using ultra-performance
liquid chromatography-quadrupole-time of flight mass spectrometry/mass spectrometry (UHPLC-Q-TOF-MS/MS and
network pharmacology. UHPLC-Q-TOF-MS/MS was used to identify chemical constituents of earthworm extract. The
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targets of these constituents and fatigue and anti-fatigue associated genes were collected to identify the common targets. Gene

Ontology and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were performed. KEGG Mapper

was utilized to preliminarily elucidate the anti-fatigue mechanism, and animal experiments were performed to verify the anti-

fatigue efficacy of earthworm extract. Network analysis showed that the anti-fatigue effects of earthworm extract mainly function

via positive regulation of phosphorylation, NF-«xB signaling pathway, serotonergic synapse signaling, JAK-STAT pathway, and

arginine and proline metabolic pathways. As shown in the results of animal experiments, the time of weight-bearing swimming in

mice in the middle-dose earthworm extract group was 34.07 min, significantly longer than that (9.78 min) of the CK group (P<0.001).

Hepatic glycogen content in the high-dose earthworm extract group was 2 591.21 mg/g, which was significantly higher than that in

the CK group (P<0.001). Urea nitrogen and blood lactic acid contents in the high-dose earthworm extract group were 3.65 nmol/L

and 182.21 nmol/L, respectively, which was significantly lower than those of the CK group (P<0.01). In conclusion, the anti-

fatigue effect of earthworm extract was exerted through synergistic effects of multiple constituents, targets, and pathways,

providing valuable insights and methods for further research into anti-fatigue mechanisms.
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Table 1 Identification of the constituents of the extract of earthworm

Y5 1ot 4 AR 2F X CAS % A (m/z) FERAE (m/z) A ./ %ooo
1 L- 228 CsH,NO, 56-86-0 147.053 2 112%%5421% [[1;4;;1]] 6.84
2 D/L- A & B C,H,,NO, 150-30-1 165.079 0 166.084 9 [M+H]" 6.09
3 L-B& 2 B C,H,NO, 60-18-4 181.073 9 182.091 9 [M+H]" 5.62
4 L-40 2 C¢HoN;0, 71-00-1 155.069 5 156.076 0 [M+H]" 6.49
5 L-#h A8 C.H,N,O, 74-79-3 174.111 7 1%.51'(1);836[%;?31“_}:]_ g;g
6 L-% 75 &R C¢H;;NO, 73-32-5 131.094 6 130.085 9 [M-H] 7.69
7 L- 2528 CsH,NO, 98-79-3 129.042 6 128.034 4 [M-H] 7.81
8 L- #1285 C:H,NO, 72-18-4 117.079 0 116.071 4 [M-2H] 8.61
9 L-7% & B C:H;;NO, 61-90-5 131.094 6 130.086 6 [M-H+NH,] 7.69
10 H &R -L- 75 AR CeH,(N,0; 869-19-2 188.116 1 189.121 8 [M+H]" 5.35
11 D- A &B.-D- A 25 CeH,,N,0, 923-16-0 160.085 0 159.075 9 [M-H] 6.30
12 R AR C,HuN,0;  2883-36-5 244.179 0 245.185 4 [M+Na]" 4.12
13 N- ZF-L-20 R B CsH; N0, 2497-02-1 197.080 0 196.070 3 [M-H] 5.12
14 Ne- LBUA -L-# £ BR CsH N,O, 692-04-6 188.116 1 187.108 2 [M-H] 5.36
15 S- ¥ Ak -L-Fph R EA C,H,NO,S 1187-84-4 135.035 4 136.038 3 [M+NH,]" 7.43
16 AL AR = F o 2 B CH;N,0, 30315-93-6 202.143 0 203.138 4 [M+H]" 4.92
17 2= C oH 3N;0, 58-61-7 267.096 8 268.102 8 [M+H]" 3.77
18 By 2ok CsH;N5O 73-40-5 151.049 4 152.056 3 [M+H]" 6.67
19 ksS4 CH:N;0 71-30-7 111.043 3 112.049 4 [M+K]" 9.06
20 Jovhs CsH;N; 73-24-5 135.054 5 136.06 [M+NH,]" 7.45
21 NPT CoH 3N;05 65-46-3 243.085 5 244.078 2 [M+Na]" 4.08
22 P RRPE R CsHN,0, 65-71-4 126.042 9 125.034 7 [M+CH,COO] 8.00
23 2 -BLESKF CoH ;N,05 951-78-0 228.074 6 227.064 8 [M-H+NH;] 4.43
24 7- Y AR oA CeH,Nj 935-69-3 149.070 1 150.076 8 [M+H]" 6.75
25 9-(B-D-vk it ) b C,oH,,N,0, 550-33-4 252.086 0 253.116 4 [M+H]" 4.09
26 FEF R HER C,H N0, 738-70-5 290.1379 291.141 4 [M+Na]" 3.46
27 B-Fa+F C,H,,N,05 50-89-5 242.090 3 241.081 3 [M-H] 4.17
28 E ol CoH,0, 123-99-9 188.104 9 187.095 5 [M-H] 5.37
29 AR AR i BR Cy6H3,0, 373-49-9 254.224 6 253.215 0 [M-H] 3.97
30 + 9 s C,,H,,0, 544-63-8 228.208 9 227.199 8 [M-H] 4.42
31 AZAREL C,¢H;,0, 57-10-3 256.240 2 255.232 4 [M-H] 3.93
32 B ARER C,,H,,0, 143-07-7 200.177 6 199.168 6 [M-H] 5.04
33 SAbIE 34 B BS CysH3,04 2203-97-6 462.2254 463.214 8 [M+H]" 2.14
34 N-(4-BATH) TR CH,N,O 5699-41-2 130.111 0 131.117 1 [M+H]" 7.73
35 2-BAE-6-ZFERLCEHB  CH,N,0,  19253-88-4 188.152 0 189.1587 7 [M+H]" 5.35
36 LB C\HuN,0,8  496-65-1 278.130 0 277.119 7 [M-H]" 3.63
37 17-a- %2 2 R 5 8 I B BR C,H,,0, 570-52-5 334.250 8 335.280 0 [M+H]" 3.08
38 5-a-F2 & Jx.-3- 7 Cy;H,0 566-88-1 386.354 9 387.371 1 [M+Na]" 2.63
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Y% ot 4 AR 2F X CAS 5 2 AE (m)z) ML (m/z) A ./ o
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41 1,4-—IRA T C¢H Ng 544-05-8 172.1436 173.1391 [M+NH,]" 5.78
42 5-FAE C,0H,N,O 50-67-9 176.0950 177.1012 [M+K]" 5.71
43 B i C4H, NO 51-67-2 137.0841 138.0908 [M+NH,]" 7.34
44 R i BR B C,sH;,NO 124-26-5 283.2880 284.2936 [M+H]" 3.55
45 LB CH,NO, 111-42-2 105.0790 106.0854 [M+K]" 9.58
46 b BR B C,sH;NO 301-02-0 281.2719 282.2781 [M+H]" 3.58
47 N N-—F 3 -D-7r A 35 R B2 CpH,NO,  119567-63-4 327.3137 328.3185 [M+Na]” 3.07
48 7,8-=F Hebk C,H,(N,O, 1086-80-2 242.0800 243.0868 [M+Na]" 4.16
9 Yk & D2 CyH,,0 50-14-6 396.3392 397.3443 [M+H]" 2.54
50 D-iZ 8 CoH,;NO; 79-83-4 219.1107 218.1016 [M-H] 4.61
2.1.1 AABME N, 5 E %k H,0. C,H,. C;Hg A1 COOH ¥

Sof LBt e, HEWT O 3R T BEAFAE 9 ARl
HEAER, HAERMEEREFSE S KL NH;. COOH
M H,O, UAbE 1 861, 75U 146 [M-H],
% % COOH F1 NH; J¥ fi 5 #2 7E 1) 128 [M-H-H,0]
A1102 [M-COOH] # Jr 8§ F. 28 BAE R, ZF%
BRU, HET 1 S AN E R, R LA 3.
WAL GV RR AR S ED) 1 AL

146.04

128.03

I A B | ....l....l.l.l....l | N
120
mlz

B 3EW 1 M RREE
Fig.3 MS/MS spectrum for compound 1

212 HHE

IEA S AR NI 11 b &, H
tr, UGS 17 (268 [MHH]D 9, 25 545 2 kg
B% CsH,0, 55 NH; A4 Bl 5 £2 7€ 1 136 [M-CsH,0,] #l
119 [M-CsH,0,-NH;], &% k", il 17 51L&
VI RRAr, R LA 4. RS2
A SEY 17 M.
2.13 AAERE

IEfME TR, DB 29 (mz253 [M-H])D

26

¥ Fa € 19 237 [M+H-H,0]. 210 [M+H-COOH].
181 [M-COOH-C,H,] Al 167 [M-COOH-C;H,], % *
SCRRMY, WMOHEIIAL A 29 NEERIIG IR, H %
Fik W 5. AR R RS E D 29

FHAL

121.06

131.13

119.05 120.08 123.10124.04  126.10  12807129,05130.06 133.05 13410 13510
12502 | 12704 132.09 136.09
Il Il il
120 125 130 135
mlz
B4 LEW 17 I REEE

Fig.4 MS/MS spectrum for compound 17

167.00

172.98
164.98 169.04 177.0:

195.08

183.07

212.01

3 181.05185.00 ¢ ey w2
‘ | 1 ’ H 1 H } )
180 200 220
m/z
E 5 &1 29 B Rt E

Fig.5 MS/MS spectrum for compound 29




2025, Vol.41, No.3

Modern Food Science and Technology
Factor, INF). 3 % £ K R 7 32 & (Epidermal Growth
Factor Receptor, EGFR) & S Ak 4 1 5 PR -3 14 5%

MR B R
214 HfENEY
B Bt e A1 225 SCHR, 38 R I SR )
& (Peroxisome Proliferator Activated Receptor Gamma,
PPARG) “5 0] e b RS BT 57 HIAZ o8 K

A REATAE S R SRAN 30 5 SRS — LA L 5 4

22 HAIEFHZOE EHE
KR PO 5540 05 2 897, &id &2 #5158
B 840 N PUIPE 57 HE . ZGW)HE B ik Uniport £ 5
PEEAT AR IE, HIFRAE NIRELR, 10 e (3 R
NHL IR N, S A EEINA 594 . w6
BT K st ot i o U S 55 5 s il A As £, R
JaHAE 79 A H I 57 T ERE A
55 H

@ \
somﬁh,\\\ : = 4\\
Nt

& 8 PPI & RHM i X 5250 &

Fig.8 Key targets of PPI network topology analysis
A PEKIBERE, BESAMEEMAX, E{AA

6 ik — T X EF A Venn
Fig.6 Venn diagram of the common target of the
X, FEAK, FELEME.

24 GO &k 8 EHHT

earthworm and fatigue

20

2.3 PPIW &tz

—
W
T

—_
o
T

—

oS

Za
=0
el
e

—log10 (p)

&
£
g
g
Molecular function

Biological process Cellular component
E 9 GO et E &N

Fig.9 GO functions enrichment analysis

i H Metascape “F- & XF 79 MNACEEHE 34T T 15
=

7 # A BT S ) PPl M4
Fig.7 PPI network of earthworm for fatigue
H 79 ANAEEERE fUF N STRING Hi4fs g 14T PPI
gt W T Frase LA 79 AN UM 537 o
A, P EERN 13.6. BEJE, KX EEEE RS
A Cytoscape 3.9, Fl T-#4 % PPI W45 &, W1l 8 Fis o

AT B, HEN PR IAFER - (Tumor Necrosis

SN WE 9 Fn. GO BEM SR BN
THEYLRE (BP) 341 T, Hrh AL EBERR AL ) 1E 1)

VT MBS AR 22 RS AL B S (Mitogen-

Activated Protein Kinase, MAPK) [ H7%5. 4k,
27




MR B

Modern Food Science and Technology

2025, Vol.41, No.3

HMZH R (CCO HTHikEE 7 77 N Z, FEAHE
SRR R R DX R B, BT XR SZ
BEW. 4 TIRE (MF), WA T 112 A%,
Forb B B VS 1 B IR A T AN B
M. ik GO & B i =M g-value < -2.62
FIRT 10 211

2.5 KEGG# & o7

hsa05205: Proteoglycans in cancer
hsa05200: Pathways in cancer

hsa05215: Prostate cancer
hsa05145: To: i
hsa04540: Gap

J

hsa04064: NF-kappa B signaling pathway

hsa04726: Serotonergic synapse
R

8
hsa05219: Bladder cancer

hsa04657: IL-17 signaling pathway
hsa00330: Arginine and proline metabolism
hsa04630: JAK-STAT signaling pathway
hsa04913: Ovarian steroidogenesis
hsa01523: Antifolate resistance

hsa05414: Dilated cardiomyopathy

hsa00410: Steroid hormone biosynthesis
hsa04721: Synaptic vesicle cycle

hsa04612: Antigen processing and presentation
hsa04976: Bile secretion

hsa04714: Thermonenesis

00 25 50 75 100 125150175
~log10(P)

E 10 KEGG B EE S
Fig.10 KEGG pathway enrichment analysis

KEGG il I 70§10 & 10 from. 79 A8 X0 &
HEET 184 4B (P<<0.05), JEXF & S HIFH
AT 20 NS T AL, B S R s R i 3
AFERZIAF-<B (Nuclear Factor kappa-B, NF-«B). 5-f%
0 Jl% B 28 fil A1 JAK-STAT il %%, GO 1 KEGG 4
WrRBE S KA RE, P, seE QAR
N2 FAEH . NF-xB 8 0K F 5 %O %%
RN A KRR oA DG, A SR A R R
A, KIRIZ e shois LR G, e
ROS FIZAER T, M RANMIE T o] G NF-«B, F£7~
AR R I LA PR D e b nG, FENLA &2 T R
g5, S-HT & %8R (Tryptophan, TRP) /=
A — R AL SRR, e I R R ) A 7
M B . fEKHEREEE R, M AN A TRP 1
WRERE I, AT 51 & S-HT B8 ™, wF sk
B, BREEM S-HT 2 5 802 3 8 1752 BR A AR 9%
5520 KR ZE Bl AT 5] P A R — A
A (NO) BRI 2, KWK A T sk, k5
AR 75 2 5 Ao 25 23 40 B 0 T % fh 48 ) e B A
JAK-STAT i #6151 51 e i A i i 1, s
e L 5] AL ) A 28 e

26 WE “UAk-Ro-EmrEE-EE W
2% K
f#i Ff Swiss Target Prediction #4722 248 50 Nk

28

S BT N RS A A 2.3 FAR PPT ) 4% 1) e e B
H KT 20 FURT 19 AMZ O FE S, 3B 19 AN H0
RGN Ay, 3529 A K 19 M0 #E S N E
Metascape 20 #% 22, ) F % & N “Homo sapiens”,
WEBMEN “P>0.01" 31T KEGG il #% & HE 5T,
S 12 2B . K 20 ANHUOB RS, 19 MZO S,
12 518 % 5 N\ Cytoscape 3.9.1 F A4 Hh#  “ Hu g -
By - P ST R R - R M. B 11 Fias. R
ot KIS 63 M AL, 233 kil IEFRES G
FEAE =4 FI RS » 1 58 BT 9-(B-D- R R HH ) iEEnd |
+UUER . BEREER . HER-L- &R REEZE R
Ne- Lt HE-L- 82 . HFERR . 17-a-FRFE R (S e
BERR . AEHRMEIR . S ACHEIREEE A N,N-— H 2 -D-
TR BB S REIX 13 Ao N o b 57 78 A i) 3 22
By . FEIGAER 0N AR, EGFR. MAPKI .
PTGS2. PIK3CA M PPARG %, R EH R A
ZATTER — 0%, H R ZRIET M 4 IR e A%
TR PR . (R4, MRE S8 ATP AR, I
AR i) 1) T 3 3 22 M 4k o bl D] i ok BEL B
A2 4k, EETRMEST . ERRFH ST g
/N B H AL AR R R AR
DL AT R iR, T AR TR B K AL A AN
BLIR NVRPE S . BRI S F8A & RIER
LA S, IR % 2 RN I i UORR AN 23 A7 1,
A2 B 0] DARRARER AR 1) A2 B, R R A Ut 1T
RGO BRS . BREEPI RN TREER.
SR 22 R 5 22 P E R T mT DA i 4k P9 I A 1) 7K
S, T AE SR 1B Bl FEH 9% 55 . MR SR I AT
B SV RS BE TR A S R DU 57 Th AL

2.7 BEEBAMN

HFIH KEGG Mapper A5 b (1 5t % 57 18 2%
BEAT o i, e HOH A Bl AR 22 1 10 A aE B dE
TR, SR WE 12 fioc. EEF, #ikRRE
fedt, T AEEREMG], 1A FREEARRE AR
WA, B RIER I bR, bR Y RO F R AT
tbran. O RIPUIR 55 RO 5 MAPK. PI3K/AKT.
PI3K/AKT %545 5l % & VIR o

i F KEGG Mapper 1. 5 38 U B 095 57 (138
P, O T SR 2 HIHT 10 KIEEREE S 4. &
R 12 frs. B EEkFR RN, T-§ik%
RHEER, BB AU IE G, HORHTIE 5T EE SN
W, R 57/ FH 2 E W & T MAPK. PI3K/
AKT. TP53. TNF fll NF-xB %515 5@ %, {7 TiX




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.3

JUAE s TR AR 8 50 PIBK. Akt. TP53 Al
NF-«B %&,

B 11 e - B S - EHA - BN E

Fig.11 Earthworm-Active ingredient-Fatigue target-

Pathway network diagram
E: ZAM AR, EHFH ARG, BH AL, VE
HiBE, A RA
MAPK 15 5l B fE 40 ML 39 5. 704k TR 4%
7 TS EE R A Y A AR 1 O
(Extracellular Regulated Protein Kinases, ERK)

& MAPK Z 5 I R 03 . B9 R A6 005 1 ERK 73§,
B — DR AL N UG DL T i S R A, AR
MOSEEE, S AR OR 3R 20 0 I T 55 7 T EE A
FIPY. PI3K/AKT 15 5 1 4 1 4% JFF UL PR AR 8
S KR A e B R A GG RS 348 (Glycogen
Synthase Kinase 38, GSK38) & Akt 18 5 & 12+ 1)
KK, nldEEARE R G R, 1R bR
A TEThAE b TPS3 15 5 AW I A R T2 45
T 2 RE A0 i B 2 AR U O R S Pl B AR
TP53 G2 P B LRI R 58 P FRAIG, AT 52 B
EREA. XEWE, WRPRKE AR5 T iR
FEREsh, & SEmE Sy 6E S R R,

2.8 HASRIA AN RIE T E R BB

I 38 2R 02— Fh RS BB 25 W WLR 28 B 5
PR ) R RRET . N R R A R SR 2 B
e WIRATH S QMM S EARWEE
PR EMZER (P>0.05). 5 EAR AL & W HL
RAE A I PADIR G, RIHLAR &P SR e
5 &R A A IS B BT T 0 RE R AR R
K13 fim. 452530d 5, /DRUATE R BT
S AL, Mo gh 2 A B A AR R B A AN
REMBEAL, L mmE N RRHE, RU/DNREZ
SN, B O SRR s v, NRIZ SR
BTG

> Cell pro liferation Angio gen esis DNA repair

MAPK signaling
pathway

Transcription
DNA _ Prolif eration

DNA PEPCK

Glycolysis/

Gluconeogenesis

) "~ (c6Pace
Bcel-xL +— Apoptosis

TNF signaling pathway

PI3K/AKkt signal pathway|
PIP3
; 1K) (
3K

Bl (
PI {{axr ) (®x }— l;>(NF
p53 signaling
Insulin pathway
signaling e
pathway IP3 Ca C aM_J
S—}; GSK3 Myc |- Cell cycle p i
rc
glyLDL —»(_)—h | DNA
GSK3p Peatertin J) ®
s ) (ome)
Ras
ERK
[ e |
INK
Tamoxifen )
JAK STAT3
(i Y DNA
\ g ey
B 12 ik HR 55 B i

Fig.12 Anti-fatigue pathway of earthworm

A BEREER T IE, HERKRIE TR IE.

29




MR EmEHY Modern Food Science and Technology 2025, Vol.41, No.3
x 2 INRAESEIEE
Table 2 Organ indices in mice (x+s, n=12)
B 25 % Ak /%
20 5|
N % i (Cn
Aop:| 0.62+0.10 536040 046+0.15 0.63+0.05 1.46+0.14
W RARI M AR B 48 0.57+£0.08 531+ 073 036+0.08 0.66+0.13 1.56+0.16
W RALI F F) F 4R 056+0.13  521+0.08 038+0.05 0.59+0.06 1.33+0.17
SRR 5 E 4 0.54+0.05 546+029 045+0.16 0.59%0.06 1.56+0.25
S0r ezt . MG 5N RIS RE T, SR ST . KR RIR AR,
T o HE /I BRIV 7 38038 e 5 P OB B .
2 g0 o MIRSERC R LA BUN & Ml & B i AR 2724, AR N &
%3& SR F AR b 2R AU, X2 B ELIA
Z 30l M 73N B, AT S EOR 57 . Bl IS 35 B 5 0,
| BUN [ 75 28t b 2 8 0™ o [&] 1dc W7 500, S
" . . . . . . . iy mEAIEAR/DNRRER ST ES AR T 34.60%
0 5 10 15 2 25 30 35 (P<<0.01). 35.34% (P<0.01), {KFIEHLEE

AFA] / d

E 13 /MRERETHE
Fig.13 Plot of changes in body mass of mice (X£s, n=12)

2.9 /NS I i A A RO R A G AT B AR

FARGIW UG 57 R R I BB IR BN IZ B 1
i mE. PRI 2 H i AR E . i
5T AE. e MU, K 14a WAL HOR
(TN SIN= = A W £ e & B i |
it K 49.80% (P >0.05). 248.36% (P <0.001) 5
183.95% (P<<0.001). AHFFE A, HuEFEE Y hE
i 53 /N BRIZ BN 77

B (Glycogen, Gn)- IMLRZ%( (Blood Urea Nitrogen,
BUN) A F./R (Blood Lactic Acid, BLA) & ¥4
MUAAE 55 R B LR A o IR0 JUL PR R D D A2 4
AR, AL ERL K IE B IR G e . 7 R sR
HIBER T, T PR e, AR Rt e 52
FRAHIBR S, RIRUIE 57 259 ] 3 = HLAA 0 B i
B A7, B 14b TSI, /N BROPTE B DR A B
BAKEE S N, o BN T 125.58% (P <<0.01).
131.07% (P<<0.01). 413.80% (P<<0.001). W5
B, W30S I PPARS V5 46 i AMPK, L A
1% i S B il 4(PDK 4, #0044 i 82 i & 8 (PDH)
T, R EREAA, NEDIRALRE, LA
WEE A K, i 57 B 5 e iR B R L
T BRAEER, s B AR IR 55 B o IR B A 4
A5 T A PPARG RE % 4101 i) 5] 267 08 15 ORI B A it 2

30

MER. frieshidfEd, mT AR, #HEe
YA AR RO LR, S RRILRMEAT. HIA 14d
AL, Mg R R AL A N BRI LR B B PR A
73.92% (P <0.01). 149.38% (P <0.01), {&7#]&
HILRFEEZ R PR, Bk se bRz
ftheEE, MWIRiEshRE ™. b IR S H
B R K, TEi2 B i R R P 1 LA
FRftpe g, Wb LR AR R, Kk,
HE W Hh o B2 B 0] e 08 i S PPARS. GSK3p Al
PIK3CA VAT WEACHS, $2 5 bE I 77, sk b pLE
PREEMFLIRIVE L, RKIEDUIE T DAL

AN IR 55 R IR AL R BRS E BAA =, BFERE
EFEEEE . HHEEBARSEYR RS, R
Feum AR EM AR R & SR s St AL A .
PR 9% 57 32 R IR T AL I e 2 v #EAAC U A
2., mIEIE4 5% BUN M BLA (IR, S
UM N R TR BE RV Y « Rl BeEReE AN FNTH
BRACI I BORR B CLAIE W AT AR s o 95 e 4

Mo JE TR, BAFEHILE. BAEE
2 P R PREF DR i PR b H 2 T )50 Bl pR A o
WA TG R S GRS Z R . R
PEEUYIE P 2 B it MAPK. PI3K/Akt A1 5-HT 2%
=5k 5 AR. EGFR. MAPKI. PTGS2. PIK3CA
M PPARG 256 JG, REVATSALAANE A BOF1 3 o B %
W RARIZ Bl B4 S5 H OB HE B g AE /N R
B YUK IS TH), 3800 0% 5 £ A7 B D T i T #E
PG AL A R IR A S &, I R HEPUE 57 DIRL .




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.3

a sor
g 40 ET TS
B
E 30}
2
& 20f ns
L
& 10} T
0 1
= A fmEA  HrEd "REd
Hu IR IR
b 4000
% 3000}
£
ﬂfﬂ 2000}
Ik * % *k
% 1000 z S
0 | 1 |
THH KFIEL FHEH EHEH
HORIRE)
c 8r
=)
% 6_ n.s
£ i
~ 4| 7 ok ok
g7 N\
B 7 N\
0 . NN
2 HA il k=x2) L ili=ez) R
RS E)
d 7001
~ 600
é 500 I n.s
;E/ 400 | I
& 00l
B
H 100l
0 1

AL HEAE bR mERE
AR
B 14 NRIUE S EUIEIRHE
Fig.14 Determination of anti-fatigue biochemical indexes
in mice (X£s, n=6)
A HrRAEZ *P<0.05, **P<<0.01, ***P<{0.001,
ns R RALEFMHEF.

3 g

A VR T /)N B S 5 kI e B B B A B
57 DR, A BTN 4% 2 38 2 43 B T b 0% 57 (AL
filo B 70 R Db B B IR 9-(B-D- R W A%
W) IS IR ARAEER. HER-L-RER. %
AR Ne- O3 -L- R . AR, 17-
o- P RAP K R . ARG . S AIR R e AN
N,N- = 3 -D- /s RS G B A 0% 57 KB ) + AR
EGFR. MAPKI. PTGS2. PIK3CA #1 PPARG A #i
P 55 1 E N S . MAPK. PI3K/Akt A1 5-HT %{5 5
RS NP T S E R . e (0.50 gikg).
(1.00 g/kg) FIEAHLE/N R EIFIK. R & &
PREZFEA M FLIR & & SL 96 b 5 I A L3 B 2
EVEZE S WP BRI B 5 A H AL
HE A, R THORRZ Sy 2L Z2EAT
FAE T IRE e N — 20 DA 20 5 A B 1 i 4
77 TH SE RN AT T e 98 57 A AL, U N
R 24 B R SR 25 BT R R R AR 3 1 L %

I R

[1] LUO C, XU X, WEI X, et al. Natural medicines for the
treatment of fatigue: Bioactive components, pharmacology,
and mechanisms [J]. Pharmacological Reviews, 2019,
148: 104409.

[2] LEVEN MV, ZIELHUIS G A, MEER J W, et al. Fatigue
and chronic fatigue syndrome-like complaints in the
general population [J]. European Journal of Public Health,
2010, 20(3): 251-257.

[3] ABHIJJIT C, Behan O P. Fatigue in neurological
disorders [J]. Lancet, 2004, 363(9413): 978-988.

[4] CHAI X, PAN M, WANG J, et al. Cordycepin exhibits
anti-fatigue effect via activating TIGAR/SIRT1/PGC-
la signaling pathway [J]. Biochemistry and Biophysics
Reports, 2022, 637: 127-135.

[5] LUGY,LIUZT, WANG X, et al. Recent advances in
Panax ginseng C.A. Meyer as a herb for anti-fatigue: an
effects and mechanisms review [J]. Foods, 2021, 10(5):
1030.

[6] FINSTERER J, MAHJOUB S Z. Fatigue in healthy and
diseased individuals [J]. The American Journal of Hospice
and Palliative Care, 2013, 31(5): 562-575.

[7] LIZL,ZHU H K, HUA HY, et al. Anti-fatigue activity
of Brassica rapa L. extract and correlation among
biochemical changes in forced swimming micer [J]. Food
Bioscience, 2022, 47: 101633.

31




MR B

Modern Food Science and Technology

2025, Vol.41, No.3

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

32

XIE Q, SUN Y T, CAO L L, et al. Antifatigue
and antihypoxia activities of oligosaccharides and
polysaccharides from Codonopsis pilosula in mice [J].
Food Function, 2020, 11(7): 6352-6362.

JIANG P, JI X, XIA J, et al. Structure and potential anti-
fatigue mechanism of polysaccharides from Bupleurum
chinense DC [J]. Carbohydrate Polymers, 2023, 306:
120608.

e, e R A A R T O R AP AU IR S e
S0 R[]I & R RHE,2023,39(3):164-173.
EDWIN L C, KYLE H, MARIAPPAN B, et al. Dilong:
food for thought and medicine [J]. Journal of Traditional
and Complementary Medicine, 2012, 2(4): 242-248.
T, iR, D55, 55 M Ov R 70t R [J] 4 22 2 B 2
#,2022,12(1):48-56.

EHE, T T, T ORI B S 25 B HI O e
JE[T]. AR EE #4545 15.,2022,39(12):86-89.

W25 ¥ MR i A3, 7l S5 0L, & O B 1 AN AR R 11 PO
7 AE IR S 58 55 T BE ORI 92 [1].Hh [E 4T B2 27,2015,
15(5):552-554.

CHENG T F, ZHANG Y H, YE J, et al. Investigation of
the chemical compounds in Pheretima aspergillum (E.
Perrier) using a combination of mass spectral molecular
networking and unsupervised substructure annotation
topic modeling together with in silico fragmentation
prediction [J]. Journal of Pharmaceutical and Biomedical
Analysis, 2020, 184: 113197.

5K B S FE 431,55 2 T UPLC-Q-TOF-MSH AR 1)~
AL B S BT (9] P 524,201 7,48(2):252-262.
ZHANG H, WANG Y H, CAO H W, et al. Purification of
a protein from coelomic fluid of the earthworm Eisenia
foetida and evaluation of its hemolytic, antibacterial, and
antitumor activities [J]. Pharmaceutical Biology, 2011,
49(3): 269-275.

TR e, IR, <5 8, A5 b A 2 R 70 % 24 S T T Ak
FE[I]. 2590V E 5E,2022,45(5):989-996.

2= Ak R R L IE R, S T e A 5 ) A 2 B AE
PRI E 1 R K L 5T A 75 0(Q-Marker) R 50U 23 7 (]
T RE24,2022,53(8):2560-2571.

S BT , i g, A S 0. o 24 3 e e ot e R AT
JE 1] b 224 4% 08,2020,35(6):3015-3018.

MIAO Z R, MIAO Z 'Y, WANG S C, et al. Exposure
to imidacloprid induce oxidative stress, mitochondrial
dysfunction, inflammation, apoptosis and mitophagy via
NF-kappa B/JINK pathway in grass carp hepatocytes [J].
Fish & Shellfish Immunology, 2022, 120: 674-685.

LIU L, WU X, ZHANG B, et al. Protective effects of

(23]

[25]

[26]

(28]

[32]

tea polyphenols on exhaustive exercise-induced fatigue,
inflammation and tissue damage [J]. Food & Nutrition
Research, 2017, 61(1): 1333390.

ROELAND B, MEEUSEN R. Alterations in central fatigue
by pharmacological manipulations of neurotransmitters
in normal and high ambient temperature [J]. Sports
Medicine, 2010, 40(3): 229-246.

MEEUSEN R, WATSON P, HASEGAWA H, et al. Central
fatigue: the serotonin hypothesis and beyond [J]. Sports
Medicine, 2006, 36(10): 881-9009.

HUANG X P, DING H, LU J D, et al. Effects of the
combination of the main active components of Astragalus
and panax notoginseng on inflammation and apoptosis
of nerve cell after cerebral ischemia-reperfusion [J].
American Journal of Chinese Medicine, 2015, 43(7):
1419-1438.

DAVIS ] M, ZHAO Z W, STOCK H S, et al. Central
nervous system effects of caffeine and adenosine on
fatigue [J]. American Journal of Physiology. Regulatory,
Integrative and Comparative Physiology, 2003, 284(2):
R399-404.

DLVE, % 5% 2L VE NG, 55 R 08 RE A5 5 AN I A% H TR Bl A
57 Th AR R B BIF 7 3 Jee (0] .18 28 2 2 K 2 4
2022,43(8):929-935.

CARTA G F, ELISABETTA M, SEBASTIANO B, et al.
Palmitic acid: Physiological role, metabolism and
nutritional implications [J]. Frontiers in Physiology, 2017,
8:902.

Wh e, S 30, S AT, 55 A2 35 57 ML S BRI U 5T i
PE R L (0] 42 R 2,2020,41(11):247-258.
DAVIDE A, JEREMY R, PIERRE J O, et al. Fatigue
in Alzheimer’s disease: biological basis and clinical
management-a narrative review [J]. Aging Clinical and
Experimental Research, 2023, 35(10): 1981-1989.
KYRIAKIS J M, AVRUCH J. Mammalian mitogen-
activated protein kinase signal transduction pathways
activated by stress and inflammation [J]. Physiological
Reviews, 2001, 81(2): 807-869.

FENG C, JIABG Y, WU G, et al. Dietary methionine
restriction improves gastrocnemius muscle glucose
metabolism through improved insulin secretion and H19/
IRS-1/akt pathway in middle-aged mice [J]. Journal of
Agricultural and Food Chemistry, 2023, 71(14): 5655-
5666.

ERIC C C, ROBERT L L, KAREN H V. Mitochondrial
localization of TIGAR under hypoxia stimulates HK2 and
lowers ROS and cell death [J]. Proceedings of the National




MR B R

Modern Food Science and Technology

2025, Vol.41, No.3

[34]

[35]

[36]

Academy of Sciences of the United States of America,
2012, 109(50): 20491-20496.

YU H P, XIE J M, LI B, et al. TIGAR regulates DNA
damage and repair through pentosephosphate pathway and
Cdk5-ATM pathway [J]. Scientific Reports, 2015, 5: 9853.
KARIM B, ATSUSHI T, MARY A S, et al. TIGAR, a p53-
inducible regulator of glycolysis and apoptosis [J]. Cell,
2006, 126(1): 107-120.

TRARIR LR, 5K 2 A, 5 T N 44 24 3 2 % O3 0 4
WO A AT YT BB M 57 AR FILA] 0], E B
224 8.,2022,24(8): 6-12.

OB, 2R B, IR AR 52,55 AR B A0 22 B0 ) Bl i Tk
A3 B e BT BRE R 7] o B 244, 2021,21(3):
63-70.

[38]

[39]

[41]

BRI IR e U7 S ARSI G R R R K
REEACH AL AL 0] 4K F #14,2007,10:61-68,96.

CHEN X, LIANG D, HUANG Z, et al. Anti-fatigue effect
of quercetin on enhancing muscle function and antioxidant
capacity [J]. Food Biochemistry, 2021, 45(11): €13968.
FRITZEN A M, LUNDSGAARD A M, JEPPESEN J, et al.
5’-AMP activated protein kinase a2 controls substrate
metabolism during post-exercise recovery via regulation
of pyruvate dehydrogenase kinase 4 [J]. Journal of
Physiology, 2015, 593(21): 4765-4780.

QI SY, ZENG T X, SUN T, et al. The effect of vine tea
(Ampelopsis grossedentata) extract on fatigue alleviation via
improving muscle mass [J]. Journal of Ethnopharmacology,
2024, 325: 117810.

33






