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Abstract: Objective To investigate the effect of Fufang E’jiao Jiang (5 /5[ it %) on endogenous metabolites and metabolic
pathways of depressive mood in fatigue mice induced with breast cancer combined with chemotherapy. Methods A model of fatigue

associated with combination chemotherapy for breast cancer was established. After treatment with Fufang E’jiao Jiang or Yangzheng
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Xiaoji Capsules (7% IETH R K %), the following indicators were used to observe the therapeutic effect of Fufang E’jiao Jiang on
depressive mood in mice with breast cancer-related fatigue following combination chemotherapy: body weight, food intake, tumor
volume, sugar water preference rate, immobility time in the tail suspension test and forced swim test, histopathological morphology of
the hippocampus, percentage of immune cells in peripheral blood, and levels of inflammatory factors in serum and brain tissue. Ultra-
high-performance liquid chromatography with quadrupole time-of-flight mass spectrometry was used to analyze metabolite levels in
serum of mice, the differential metabolites were screened, and the potential mechanism of therapeutic effect of Fufang E’jiao Jiang on
depressive mood in fatigue mice with breast cancer undergoing combination chemotherapy was investigated. Results After the
administration of Fufang E’jiao Jiang intervention, compared with model group, the preference rate for sugar water in mice was
significantly increased (P < 0.01), the immobility time in tail suspension and forced swimming experiments were significantly
decreased (P <0.01), neuronal cell damage in hippocampus of brain tissue was improved, and the number of Nissl bodies was increased,
the percentage of CD45*, CD3", CD4*, CD8" and CD4*/CD8" ratio in peripheral blood were significantly increased (P < 0.05, 0.01),
the levels of inflammatory factors interleukin-6 (IL-6), IL-1B and tumor necrosis factor-a (TNF-a) in serum and brain tissue were
significantly decreased (P < 0.05, 0.01). Metabolomics research characterized 32 serum biomarkers of depressive mood in mice induced
by combined chemotherapy for breast cancer, of which 26 were reversed after treatment with Fufang E’jiao Jiang. Pathway enrichment
analysis identified four major potential metabolic pathways, namely the phenylalanine metabolic pathway, tryptophan metabolic
pathway, arginine biosynthesis pathway and sphingolipid metabolic pathway. Conclusion Fufang E’jiao Jiang may exert its
therapeutic effects on depressive mood in fatigue mice with breast cancer combined with chemotherapy by enhancing immune function,
reducing inflammatory factor levels, and regulating amino acid synthesis and metabolism, lipid metabolism and other pathways.

Key words: Fufang E’jiao Jiang; breast cancer-related fatigue; depression; serum metabolomics; immune; inflammation; amino acid

synthesis and metabolism; lipid metabolism
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LXHA LR P<0.01; SEMALLE: “P<0.05 #P<0.01.
*P<0.01 vs control group; *P<0.05 P <0.01 vs model group.

1 EFEFREMNABBRESUTHIRZDRERE (A) FMHEER B) BT (X+s,n=6)

Fig. 1 Effect of Fufang E’jiao Jiang on body weight (A) and tumor volume (B) of fatigue mice induced with breast cancer

combined with chemotherapy (X + s, n=26)
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7K I 2 T 2 S AT /) SR PRI R SIR S
SER T P K SI 06 A R S T T PR AR /) B
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0.01); SEARIA LR, 525 25241/ BB KW 1 5
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BREWIT S =/ BRI R SRR T . &
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0.01), I T5 B fige e ] i s FL IR R A AL T =
INRRAT A R AR REAT A -

*1 EAMRENIRERSUTESFEZ/ N RMEITHNEE (X£s5,n=6)

Table 1 Effect of Fufang E’jiao Jiang on depressive behavior of fatigue mice induced with breast cancer combined with

chemotherapy (X £s,n=26)

4151 Al BE KA B 22/% BREERABIE /s SERAEIE VK SER AN BB [H]/s
Xof R — 0.78£0.03 29.57+7.56 21.39+1.89
it — 0.45+0.02" 107.08+7.01" 84.11+5.56"
FRIEWH AR5 5.6 mg-kg™! 0.64+0.02* 64.70 =8.30" 46.89+5.04"
BRI 3.9 mL-kg™! 0.52+0.01% 84.62+5.69% 75.08+4.63
7.8 mL-kg™! 0.59+0.01% 56.45+5.11% 40.32+4.03%
15.6 mL-kg™! 0.54+0.02% 72.38+5.82% 60.77 +4.94%
xR "P<0.05 TP<0.01; H5HEEANEK: *P<0.05 *#P<0.01, FEM.
"P<0.05 ""P<0.01 vs control group; *P <0.05 *P<0.01 vs model group, same as below tables.
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B, AR, JE R/AMASCRED; SRR
B Sl i &2 il RN R EAIvEe T Sy
Getaiisng, e R/AMAKCRE ] RN .
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B2 EAMREMIABEHRSUTESEZ/NREDIXMETRSHIFNM (X200)

Fig.2 Effect of Fufang E’jiao Jiang on neuronal morphology in hippocampal region of fatigue mice induced with breast

cancer combined with chemotherapy (x 200)

34 SHMERITZIRERECTESEZ N

Wk 2 fiow, SxIRdL e, AN R 2
U TL-6+ TL-1B+ TNF-o /K22 T (P<0.01);
R, SR AGHMAZ P IL-6. TNF-a /K
PR ERET (P<0.05. 0.01), FFIEEARIEAMNE

Jrk e, AR IL-1p KT RERE (P<
0.05. 0.01).

Wk 3 Fiw, SxFIRALEE:, AN R AN
1A TL-6+ TL-1B+ TNF-a /K°F &3 T+ (P<0.01);
IR LA, 545 25 2040 I P IL-6.1L-1B TNF-
o /K PEFEREE (P<0.05. 0.01),

*2 ERMRENIRERSUTESRZ NBMARDRERFRFHEM (X£s,n=6)

Table 2 Effect of Fufang E’jiao Jiang on levels of inflammatory factors in brain tissue of fatigue mice induced with breast

cancer combined with chemotherapy (X + s, n=6)

a5 Fil i IL-6/(pg-mg™") IL-1B/(pg-mg™") TNF-o/(pg-mg ")
pagicl — 111.58+6.05 80.76+10.35 781.73£54.48
it — 176.194+7.06* 138.834+10.59™ 1 086.05+39.80"
FRIEHRIR S 5.6 mg-kg™! 137.15+5.67% 108.21+7.46% 870.32 £ 56.02%
S I7R ek 3.9 mL-kg™! 160.35+5.53" 125.57+7.86 969.51+55.03#
7.8 mL-kg™! 131.8249.53# 105.7047.48% 782.81£38.26#
15.6 mL-kg! 160.80 % 6.29* 120.85+4.79* 940.15+50.15%

*3 EAMRENIRERSUTESEZ NRINEMPRERFRFHEM (X+s,n=06)
Table 3 Effect of Fufang E’jiao Jiang on levels of inflammatory factors in peripheral blood of fatigue mice induced with

breast cancer combined with chemotherapy (X = s, n =6)

45 FilE IL-6/(ng'mL™") IL-1B/(ng-mL™") TNF-o/(ng'mL™")
pagiist — 49.03+4.81 52.29+2.86 266.21+15.91
T — 86.07+3.69* 91.34+2.41* 441.424+20.32**
FRIETHR 3 5.6 mg-kg™! 68.12+5.97# 63.45+3.67% 350.93+13.98%
)i 3.9 mL-kg™! 74.45+2.99* 75.30+3.01% 399.97+17.12%

7.8 mL-kg! 65.43 +4.03% 68.79 +3.13% 299.53 +17.52%
15.6 mL-kg! 75.81+£2.17* 74.02+3.37% 400.93 +10.74%
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Nk 4 fror, SXTIRAEE, BRI /N R AN
I+ CD45*. CD3*. CD4*. CD8*. CD4*/CD8"{]
F o] 2 2 I (P<<0.01); SHERIA LA, K452
H/ANERAME IR CD4t. CD47/CDS* ¥ b 5] 2. 2% Tt

f (P<<0.01), EJ7RJR I iR &4 /N B Ah A I rh
CD45*. CD3* Lt i & = (P<0.05. 0.01), F%
IEVH AR B AN 7 BT AR 7 B2/ B4
I s CD8 LG 2 2 F 5 (P<<0.01), FKEE 76T
Fiz S ] DA v L e B B A T R = /N R N g
MRS &, R ige.

*4 EHMRENILRERSUTESEZ NRIINIMREERBENTE (X£s5,n=6)

Table 4 Effect of Fufang E’jiao Jiang on immunophenotype of peripheral blood in fatigue mice induced with breast cancer

combined with chemotherapy (X + s, n=26)

5 I CD45"/% CD3"/% CD4"/% CD8"/% CD4"/CD8*

Xof HR — 31.33+2.05 32.23+3.11 5.554+0.21 2.87+0.23 1.934+0.18
LAY — 2.144+0.76" 2.01+0.74™ 0.294+0.07" 0.314+0.10" 0.94+0.11""
FRIEHA RS 5.6 mg-kg™! 3.70+£0.56 3.59+1.20 1.38+0.13% 0.68 £0.14%" 2.03 £0.09"
W a)id 3.9 mL-kg™! 4.29+0.80 4.11+1.47 1.26+0.11% 0.83 £0.03" 1.52£0.08"
7.8 mL-kg™! 8.34+1.51% 7.99 +1.60% 1.734+0.17% 1.47+0.06 1.18+0.16"
15.6 mL-kg™! 5.46+1.87 5.17+1.86 2.05+0.12% 0.94+0.06"" 2.18+0.17%

3.6 EHMERETIARBREHWTESEZ N
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DA, ZiRWE 4, fEIE. fEFEAT, MERAE
PR A B X 3. EIER TR, B
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P ge BBk A A7 15 3 = RIS /I B R 2T BRI
3.6.2 K5 B A TT AL /N BRARFE R B AR
YIbRicI TR AR R R, PHEE
77 B 52 S xR R A AT O = N BRI T AL
REOYHIR, Hukfee R4l B4, FRIETHAR
AN 775 ] 52 S v 7 L /DS B PR ot 3 AT A
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Fig. 3 PCA plots of serum samples in control group and model group in positive (A) and negative (B) modes
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Fig. 4 OPLS-DA and permutation test diagrams of serum samples in mice of each group

&5 FBENRIUEEIARCH

Table 5 Serum biomarkers in mice

R . . Xt HEZHvs BB ZHVs ST AR R A s
5 s D R ms ol pegebAUEAL FENBLELL
1 IEET L-Bhifipl CsH100s 173.041 1 0 1 !
2 IEET NEAEE CaH02  341.2477 T L L
3 IEEST SM(dI8 D 1/22:0) CisHo1N2O6P 787.666 9 P l [
4 IEEF EIUIGIR LR C24HaiNO2 3763190 T 1* 1
5 IEET HIURIGER CioH3602  319.263 5 ™ ! 1
6 IEET PC(15:0/20 : 0) C43HssNOsP - 798.600 7 1 # 1
7 IEET M- CoH14N30sP  647.116 7 1 1# 1
8 IEET LysoPC[18 : 1(92)/0 : 0] C26Hs2NO7P  544.339 1 [ 1 1
9 IEET D-FlhifAE CsH100s 151.060 8 2 17 1
10 IEBEF L-ZWATR CoHi7NOs 2041227 I T# 1
11 IEB REEm CsH2NO2 — 259.165 2 ! o 1
12 EET L-EER CsHiNO2S  150.057 5 T i 1
13 EET BAMER CaaHaoOs 4152821 ! H i
14 EET IR CioHi3Ns04  290.086 4 T 1 1
15 EBET L-tvZ5R CuHiN202  409.183 1 ! H 1
16 BT 18-F8Jk i C2H300s 3612012 ™ L !
17 BT PC[16 : 0/22 : 6(4Z,7Z,10Z,13Z,16Z,19Z)] CisHsoNOsP 850.559 8 T 1 !
18 BT LREAR CeH1aN4O2 3472195 I 1 !
19 BT PC[16 : 022 : 5(42,72,10Z,13Z,167)] CasHs2NOsP  852.575 3 1 1 1
20 BT SMIAIS : 0/16 & 1(92)] C3oH79N206P 747.566 0 U l !
21 FET Cer[d18 : 124 1 1(152Z)] CxoHgiNOs  692.619 5 T 1 1
22 BT PC[14 : 0/20 : 3(5Z,82,112)] C42H7sNOsP  800.546 5 1 ! 1
23 BT AIFIEEDI C20H340s  353.2330 y‘ 1 1
24 fEF LysoPC[20 : 4(5Z,82,11Z,142)/0 : 0] C2sHsoNO7P  588.329 9 e ! !
25 fEF LysoPC(16 : 0/0 : 0) C24HsoNO7P  540.329 7 1 ! !
26 BT LysoPC[20 : 3(5Z,87,112)/0 : 0] CosHs:NO7P  590.345 6 1 l 1
27 T L-RIRER CioHi2N203  189.067 1 ™ L Ik
28 T MR- IR C9Hs03 209.045 3 ™ L Ik
29 BT L-EREIR CoHiNO3;  180.066 4 I i 1
30 AT LR CsHioN203  145.061 4 ™ i I
31 HET L-REAR CeHisNO2  130.087 0 e 1 17
32 HET FER CeHs07 191.019 5 - 14 1

“r7 FoR bR, L7 FRTE.

“1” indicates an increase, and “|” indicates a decrease.
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Fig.5 PCA plots of serum samples in each group in positive (A) and negative (B) modes
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Fig. 6 OPLS-DA and permutation test diagrams of serum samples in mice of each group
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Fig. 7 Heatmap of effect markers for treatment of fatigue mice induced with breast cancer combined with chemotherapy by

Fufang E’jiao Jiang
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Table 6 Differential metabolite pathway enrichment of Fufang E’jiao Jiang for treatment of model mice

e AR B S5/ E (B/A) P —logP  EEXEZNAE
1 AR R 2/8 0.003 2.488 0.133
2 FHRREME R 2/14 0.010 1.994 0.080
3 WAR. REARMEERAUH 2/28 0.384 1.416 0.114
4 KNERE. BARMEZIR N AEYE R 1/4 0.045 1.352 0.500
5 CEETR IR AN —FR R L AT 2/32 0.049 1.310 0.080
6 FHNEACH 2/32 0.049 1.396 0.216
7 EIHERACH 1/5 0.055 1.257 0.000
8 HhBEARA 2/36 0.061 1.217 0.112
9 AU 1/6 0.066 1.180 0.000
10 BERAY 2/41 0.076 1.117 0.237

Z5HEHE (B/A) 1 A FORHRACEHE B A 24, B RoRA B SO 2 5 MR K i 4

In number of metabolites involved (B/A), A represents total number of metabolites involved in corresponding metabolic pathway, and B represents number

of metabolites involved in corresponding metabolic pathway in this study.

PR AR 1T DA S i AR V6 9T AL AR T B A AT i S0
Z /N AR E S8, 18R A% O AR MR R E ) R TR
RQIRARUNESE I LB, RV A 8
A LSRR LR B, O R s
() LR LR R U LA K R A W 3 % 1 28
i HE -
4 e

WHFLR T, MLGIAER, PR T I

RIS 28 W2, b B E 2T AR & 2 U5 Tl
ISR RE M o AR 2 IR R RS 5=
/NSRS 28 R 200, R A R IR e ¢
Wy, % TaRET, SBRZMS], [T
HEPEE W LRSS E EE, EENADRE
TP G B, 5 3R 2R OB SO 2 e R TR
T INE G, SR AR, g
MR R, 45343 % A R 2 T2, AT 3 BUAR 1



F8 B 20255108 $56% B 198  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 19

7065 »

SRR .

AW FT/INRES 3 X FL 05 3RS 4T 1 48
IR, JET RO S T RSB,
007 g 6 o gRE A K R A AL T 2 L R 5 Ok
P Z AL R DL R FRIA KT N
HHOANBNI R AT AR I BRI ) 59 Z KA, 451 %
N, BETZH /N BB AN B [B) 92 3 v T 0 R s HE 22
Je RGO 5 BTN, AV A ST S AN e 8
HABEGEL, e RAMEEER D, RFAAMRERS
g7 Z /N AR R Ty . HoE R . sRIE K SE
IR AT n/N BRAT WA BDIRES, S5 B HE /K i I 5
HPREER I, 45 R IRBIAL A /)N BRI B 7K i 1726 S
FACT X IR, U6 U BA T 98 =/ BRATAR
[FEAES

ST RITPIHK G, /N BOBE K i i 3 5 2 1
I,k FE SICHG AN i Y Uk S5 v () AN B I T S 3 P
i, FEE 7RI v] LA AR R S A TT % =
/IN BRI PRI R O AT N 4t FB AR AT . ROGE 2
SRS KA R BRI, MYE ISR T REBOR
ERIERNT (EEGH IL-6. IL-1B. TNF-0), {H
CD4". CD8" T #iiife 73 W4t 2 K5, CD8" T 4f
JfL 3 w] DA 28 DR ) 7= A, AT sk 98 0 IR
o AN /0N BRI 80 PR AT DR S A
LR 5 EE AT RN, R AL /N BR AR A I 2 DA
TARTVI R, I &R ST EITBTIRK
YEIT Ja _EIRYRPRS BIBH R [RHE, BIR/NER SORE ) B
IR, GIEDIREI TR, P A SOE R 1 R AT
R, RIE TR A 205, i N 280 i S AR 2
FIRL, R ciimis, 5B
N T 1) W S T B s S AE AR N B rh I A AR A
Hl#l, KF UPLC-QTOF-MS/MS i ARBAT T IfiLiE
R0, 32 ARSI, |
NGy 22 e AU I ) 2ok L T T IR R R 4 1)
RO, T2 ORI B R A
KRRV & SO IR AR SR A2

R R NRE B 208 T 5-F2 AT AR,
BRI AL 2 S EUB I RRE R A AP HACH
FEES R IR AR AT, gl 2,3-300
A H (indoleamine-2,3-dioxygenase, IDO) FI A% R
2,3- X% M (tryptophan-2,3-dioxygenase, TDO)
ST R IR RG2S A 5T R AR /) BRI L
FR o ED, RIRARAKT-RER I, s hT
PR SO 23 WA K RSER T (i IL-61 TNF-a0),

P P9 9 Rt 2 LR IDO VETE, S EUEREIR
OB B AR N R IR B, iRk R IR &R 5 5 CD4*
M1 CD8" T 4T, L HIg9HL AT 8 S
L, HETMANR RAE S, 45 /)N B AAI N EE126)

RN, C R AU 42 I P e e I i e s 2 i X
MRS, TREBT (N 520 MR,

SR /N R APARAE IR,

IDO AMUACE (R, AT RERZ I 48 = IR I
ARt BEAERT SRR, (s MRAE v Pl BE I8 I 20 i
WS TR SR A E e, SR E Rl
i (phenylalanine-4-hydroxylase, PAH) V&, S
TN R 7] s R ) e A R I 28). Hoi T CRF
T7 /N BRAR N JAER 7] PAH IR, HKNE
RIFAC IR, TR N EIR S =R L E
The R IEVEACHPIRES, (EARRL N SRR ok
KK BT R, RN gm, @i
WG — PR TR 2 FH 38 2R I 2 (general control
nonderepressible 2, GCN2) -l FL3) 4 1 2 R ik
1 (mammalian target of rapamycin, mTOR) i,
BEIET CD8" T ZHMIf & H & A ge AR, %S
CD8" T ZH i i =000 [ b 248y R ) 498 Jon S v 38
ROE NF-xB E i, ek 2 BRI, g2
i PAH V&, TG-S FR R, n a9
Z o MR RN AR R & PR AR,
W2 . LW LIRERSMEERN G, T
HRX A4S RGN G BE D RE R I FE, AT BRI /I BRUE)
P55 FIAMAIAE IR AR W) (R 41D vl I8
Aok I e, O /N B B A SRR U R R Y,k
— B FBUNRANAE S B, 25T BT
7RI TP IR . RIKER . MR S et
KA R 2 B, /N BRI IE 25 D

AW TEEE R, BN RIS TR E R & &
RERAC. WSS, TR SR E IR
ok CEFEEIER) LA e & A KBY, Frilmk
KRR, R E IR BETE AR AL Oy S & R AN
PREBI, KR RN IE L AR MO TP RUR IR, R
i T 4H/fLThRE, {845 T 4005 L CD8™ T 41
N LD REAEE B . TR B AU A e e B
p33-MRmEnE — 54k DNA BB (thymine-DNA
glycosylase, TDG) -1 S8 WIBGIAIGSEY) JE 5h 52 4
v (peroxisome proliferators-activated receptor vy ,
PPARy) Hli, BR&JEWRANM M2 Ak, 7ilbdise Al
TS, HRSE MR Gk Z 38 2 il i 4] mTOR i@ i%, FH



* 7066 »

F8 B 20255108 $56% B 198  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 19

W T 70 L P P A R 2R AR, S 3 L e R A
BEh S H T [RIIN 33— B kb, S I
BRSPS, FEMEBIT AR, N
CRF 37 W% 57 AN A 25, AR =4 mldid
I i e B s /NI B 4 L, BT IL-1B A TNF-at,
BE— A XA 2 R G ThRE IR R ANARDL,

BRI Y AN AR w3 i i 5
BTSN RN, B IL-1B A TNF-o, #E—2540
il H AR 22 R G T Re 5 A 0% 57 S AR, B A E-1-
Tl R a0 e T R B I ARAA WA I i B
SEREVE, IR X SORE RBIBT; [FIR,  SE R
802 T SOMUAR T oK & 98 R BR 745149 1T i 3¢
B, A FLIEIE VRGN, AT EE i PN U P
ToH s, SIRINARIESE . L-ERAE e PR — K
TS RITR, 1T DA E 2 oE RS 7 A b S E
BT E TR IIETT Ia, /N RIS R AR =)
RE, ARG T RAER R, W TN
B PRI AT SR

gi b, ABFCRRATNY: . HREE. RS AR
W AR LS B 718, IR KSPRIF 9T 52 7 B e 3K
SRR 2 I G, RIS 75 Bl i 2% ] Beid
T BRARARE AR /)N SRR P 2RE R T /K, A1 S e 2
L BN, AR S i, SRR ThRE, S
WAL R T, Pl AR S, RN [ 8 2 2 FR A
RN KRR A AU 5, M
R B LR AT 5 T = /N R AR T
VER, BB T B 7B 16 7 HB EAE AL,
R TR AL AR

577 BT R T/ INBRAT s 3G K i 2 2R
HJORE BRIk LIS AR A7 [m 8 17 L 55 R 4035
T PR R 2555 IEH AR R SE CIRYE ([ hE AR
FNEIE Z IRPR LB AI2TT 48 79 ) L BECSD, vl g2 A
5377 Bl Fi S v B A R Bl 4 25 o s L 4% A B D S
s e, HHHRMEYM AR SR, TREMZ A
PN = SRR AT O o (EARHE TN A
TR, R T KA IR AT 5 5
Z /N BIPUIERVE TR 9T, TR JT IR AR R
WG, BAZHGY . 2SI IRTT N,
FLAE oA AR B R T 1 B A 1Ly« 28U
FEMAE AR, HAEEA R S H 2 i AR
B 1 22 S ARG P AT e A 5 LRI AT /N B = 5K
P = N HAWERA G, ol ] R A AR IEAT IR
W5t

R BAR FIANEH P RTALEA 5 F R

SE

[1]

[2]

(3]

(4]

(5]

(6]

[’

(8]

[°]

[10]

[11]

[12]

[13]

ROV, 28, A%, 5. B Z 1 R &
FRPEEIRIT AT HEE [J/OL). R EE2E4R, (2025-05-06)
[2025-06-17]. https://kns.cnki.net/kcms/detail/41.1411.R.
20250506.1537.002.html.

Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J].
CA Cancer J Clin, 2018, 68(6): 394-424.

Sun LN, Zuo C L, Ma B N, et al. Intratumoral injection of
two dosage forms of paclitaxel nanoparticles combined
with photothermal therapy for breast cancer [J]. Chin Herb
Med, 2025, 17(1): 156-165.

ST, TEAL, R, & AmEEEREzs
AR, RS EREA (1]. RN R, 2012,
17(11): 984-987.

Monteran L, Ershaid N, Doron H, et al. Chemotherapy-
induced complement signaling modulates
immunosuppression and metastatic relapse in breast
cancer [J]. Nat Commun, 2022, 13(1): 5797.

Yang S W, Chu S F, Gao Y, et al. A narrative review of
cancer-related fatigue (CRF) and its possible pathogenesis
[J]. Cells, 2019, 8(7): 738.

Inglis J E, Kleckner A'S, Lin P J, et al. Excess body weight
and cancer-related fatigue, systemic inflammation, and
serum lipids in breast cancer survivors [J]. Nutr Cancer,
2021, 73(9): 1676-1686.

Kurzrock R. The role of cytokines in cancer-related fatigue
[J]. Cancer, 2001, 92(S6): 1684-1688.

Myers J S. Proinflammatory cytokines and sickness
behavior: Implications for depression and cancer-related
symptoms [J]. Oncol Nurs Forum, 2008, 35(5): 802-807.
DR, XA, A e, SRR TR AR AR SRR 57
Joxt 3 1f3% CRP. IL-6. TNF-o J s TNF-R1 7K (1]
S (], R E %R, 2020, 40(5): 505-509.

Xiao C, Miller A H, Felger J, et al. Depressive symptoms
and inflammation are independent risk factors of fatigue in
breast cancer survivors [J]. Psychol Med, 2017, 47(10):
1733-1743.

Lacourt T E, Heijnen C J. Mechanisms of neurotoxic
symptoms as a result of breast cancer and its treatment:
Considerations on the contribution of stress, inflammation,
and cellular bioenergetics [J]. Curr Breast Cancer Rep,
2017, 9(2): 70-81.

Kumar N B, Fink A, Levis S, et al. Thyroid function in the
etiology of fatigue in breast cancer [J]. Oncotarget, 2018,
9(39): 25723-25737.



F8 B 20255108 $56% B 198  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 19

* 7067 »

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

Inglis J E, Lin P J, Kerns S L, et al. Nutritional
interventions for treating cancer-related fatigue: A
qualitative review [J]. Nutr Cancer, 2019, 71(1): 21-40.
Shi W B, Wang Z X, Liu H B, et al. Study on the
mechanism of Fufang E’jiao Jiang on precancerous
lesions of gastric cancer based on network pharmacology
and metabolomics [J]. J Ethnopharmacol, 2023, 304:
116030.

Saxena R N, Pendse V K, Khanna N K. Anti-inflammatory
and analgesic properties of four amino-acids [J]. Indian J
Physiol Pharmacol, 1984, 28(4): 299-305.

Wang J, Zeng L, Zhang Y, et al. Pharmacological
properties, molecular mechanisms and therapeutic
potential of ginsenoside Rgs as an antioxidant and anti-
inflammatory agent [J]. Front Pharmacol, 2022, 13:
975784.

Vinolo M A R, Rodrigues H G, Nachbar R T, et al.
Regulation of inflammation by short chain fatty acids [J].
Nutrients, 2011, 3(10): 858-876.

WAAR, RIL, W, & BE KAL) E
TR AR DU 0 AT T R A LA A AL (0]
FRELZY, 2025, 56(3): 905-918.

Karshikoff B, Sundelin T, Lasselin J. Role of inflammation
in human fatigue: Relevance of multidimensional
assessments and potential neuronal mechanisms [J]. Front
Immunol, 2017, 8: 21.

Kundu M, Butti R, Panda V K, et al. Modulation of the
tumor  microenvironment and  mechanism  of
immunotherapy-based drug resistance in breast cancer [J].
Mol Cancer, 2024, 23(1): 92.

Bower J E. Cancer-related fatigue: Mechanisms, risk
factors, and treatments [J]. Nat Rev Clin Oncol, 2014,
11(10): 597-609.

Kim S, Miller B J, Stefanek M E, et al. Inflammation-
induced activation of the indoleamine 2,3-dioxygenase
pathway: Relevance to cancer-related fatigue [J]. Cancer,
2015, 121(13): 2129-2136.

Harris D M M, Szymczak S, Schuchardt S, et al.
Tryptophan degradation as a systems phenomenon in
inflammation-an analysis across 13 chronic inflammatory
diseases [J]. EBioMedicine, 2024, 102: 105056.

Stone T W, Williams R O. Modulation of T cells by
tryptophan metabolites in the kynurenine pathway [J].

Trends Pharmacol Sci, 2023, 44(7): 442-456.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Lanser L, Kink P, Egger E M, et al. Inflammation-induced
tryptophan breakdown is related with anemia, fatigue, and
depression in cancer [J]. Front Immunol, 2020, 11: 249.
Xue C, Li G L, Zheng Q X, et al. Tryptophan metabolism
in health and disease [J]. Cell Metab, 2023, 35(8): 1304-
1326.

MR, 2T, ATK. WIMEE 2,3- 30N~ 2R
R R TSR R RO A T (3], M R R 2% 35
2022, 38(6): 1440-1444.

Neurauter G, Grahmann A V, Klieber M, et al. Serum
phenylalanine concentrations in patients with ovarian
carcinoma correlate with concentrations of immune
activation markers and of isoprostane-8 [J]. Cancer Lett,
2008, 272(1): 141-147.

Bradley D M, Mahler R F. Effect of phenylalanine and its
metabolites on the metabolism of leucocytes
lymphocytes [J]. Clin Sci Mol Med, 1975, 49(4): 343-351.
Lv Z, Liu R D, Su K Q, ef al. Acupuncture ameliorates

and

breast cancer-related fatigue by regulating the gut
microbiota-gut-brain axis [J]. Front Endocrinol, 2022, 13:
921119.
Sullivan L B, Gui D Y, Vander Heiden M G. Altered
metabolite levels in cancer: Implications for tumour
biology and cancer therapy [J]. Nat Rev Cancer, 2016,
16(11): 680-693.
Zou SY, Wang X M, Liu P, et al. Arginine metabolism and
deprivation in cancer therapy [J]. Biomed Pharmacother,
2019, 118: 109210.
Cane S, Geiger R, Bronte V. The roles of arginases and
arginine in immunity [J]. Nat Rev Immunol, 2025, 25: 266~
284.
Zhu Y H, Zhou Z W, Du X, et al. Cancer cell-derived
arginine fuels polyamine biosynthesis in tumor-associated
macrophages to promote immune evasion [J]. Cancer Cell,
2025, 43(6): 1045-1060.
Mossmann D, Miiller C, Park S, et al. Arginine reprograms
metabolism in liver cancer via RBM39 [J]. Cell, 2023,
186(23): 5068-5083.
Soula M, Unlu G, Welch R, et al. Glycosphingolipid
synthesis mediates immune evasion in KRAS-driven
cancer [J]. Nature, 2024, 633(8029): 451-458.
TRONZE, BREHT.  EREAE A SRR Z K 5L 2T
fEFE (2021 4ERR) [J]. HEEIESE, 2021, 31(9): 852-
872.

[FHE%E  FTA4)]



