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Qingjie Fuzheng Granules alleviates 5-fluorouracil-induced skeletal muscle injury in
tumor-bearing mice by inhibiting mitochondria-dependent apoptosis and activating the

AMPK-PGC-1a pathway
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Abstract: Objective To explore the therapeutic mechanism of Qingjie Fuzheng granules (QFG) for alleviating 5-fluorouracil (5-
FU)-induced skeletal muscle atrophy. Methods Male BALB/c mice bearing subcutaneous colorectal cancer CT26 cell xenografts
were randomized into control group, model group, and treatment group. The mice in model and treatment groups were given
intraperitoneal 5-FU injections every 3 days and treated with daily gavage of saline and QFG for 21 days, respectively; the mice
in the control group and normally fed mice were given only saline gavage. Gripping test and hanging test of the mice were
performed before and after the treatment, and on day 21, tumor weight and gastrocnemius muscle weight were measured, and
histopathology and cell apoptosis in the gastrocnemius muscle were examined with HE staining, transmission electron
microscopy and TUNEL assay. ATP content in the muscle was measured, and protein expressions of AMPK, PGC-1a, Cyt c,
AIF, Apaf-1, Smac, Bcl-2, Bax, cleaved caspase-3 and cleaved caspase-9 were determined with immunohistochemistry. Results
The tumor-bearing mice in the control group showed significantly decreased gastrocnemius muscle weight and grip and
suspension test scores. The gastrocnemius muscle showed ultrastructure injuries with lowered ATP content, obvious cell
apoptosis, decreased expressions of AMPK, PGC-1 «, and Bcl-2, and increased expressions of Bax, Cyto C, AIF, Apaf-1, Smac,
cleaved caspase-3 and cleaved caspase-9. These changes were obviously worsened in 5-FU-treated mice, while QFG treatment
significantly increased gastrocnemius muscle weight and strength, ameliorated its ultrastructural injuries, reduced cell
apoptosis, and reversed the abnormal protein expressions.
Conclusion QFG alleviates 5-FU-induced skeletal muscle
Y fm H #7:2025-05-17 fatigue in tumor-bearing mice by activating the AMPK/
HLWH: HEX AR 4 (81303125) ; 15 &4 A KRl F 1L 4 PGC-1a pathway and inhibiting mitochondria-dependent
(2021701939.2022101368) apoptosis in the gastrocnemius muscle.
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Tab.1 Comparison of tumor weight and gastrocnemius
muscle weight in each group (g, Mean=SD, n=4)

Group Tumor weight Gastrocnemius weight
Normal 0.31+0.02
Control 10.93+1.92 0.25+0.01%**
Model 2.83+0.40" 0.21+0.01"
Treatment 2.74+0.57 0.25+0.01°

F 63.88 25.57

P <0.001 <0.001

#%P<0.05 vs normal group; “P<0.05 vs control group; “P<0.05

vs model group.
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Tab.2 Comparison of grip and suspension test scores in
each group (Mean+SD, n=4)

Group Grip Suspension score
Normal 76.37+1.48 3
Control 63.45+1.66%* 2.33+0.47*
Model 54.75+1.93% 1.85+0.33"
Treatment 69.12+2.96" " 2.67+0.27°%
F 76.63 9.74

P <0.001 <0.01

*P<0.05,%*P<0.01 vs normal group; “P<0.05,P<0.01 vs control
group; ““P<0.01 vs model group.
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Fig.1 HE staining of the gastrocnemius muscle of the mice in each group. A: Normal group. B:

Control group. C: Model group. D: Treatment group.
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B2 SHE/NRHRAEHRRER

Fig.2 Transmission electron microscopy of the gastrocnemius muscle in each

group (Original magnification: x20 000). A: Normal group. B: Control group. C:
Model group. D: Treatment group. Yellow arrows indicate the mitochondria.

3 BEHNRATPZELER
Tab.3 Comparison of ATP content in the gastrocnemius
muscle in each group (umol/g, Mean+SD, n=4)

Group Content of ATP
Normal 3.31+0.25
Control 2.06£0.11**
Model 0.89+0.12"
Treatment 1.44+0.1724
F 113.85

P <0.001

#%P<0.01 vs normal group; “P<0.01 vs control group; “*P<
0.01 vs model group.
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B3 SE/NRHBZAL TUNEL R BEER
Fig.3 TUNEL staining of the gastrocnemius muscle in each group (x400). A: Normal group. B: Control group. C:

Model group. D: Treatment group.

F4 BEDMRBATEEE
Tab.4 Comparison of cell apoptosis rate in the gastrocnemius
muscle in each group (%, Mean+SD, n=3)

Group Apoptosis rate
Normal 3.66+0.37
Control 14.13£0.60**
Model 36.39+0.53%
Treatment 13.61£1.064%
F 1214.94

P <0.001

*%P<(.01 vs normal group; “P<0.01 vs control group; ““P<0.01
vs model group.
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El4 &H/INRHEBZAL AMPKa N PGC-1a BB RIE
Fig.4 Immunohistochemistry for detecting AMPK and PGC-1a protein expressions in the gastrocnemius muscle in each
group (x400). A: Normal group. B: Control group. C: Model group. D: Treatment group.

x5 ZHENRHBFILAMPK F1PGC-la BB FE
Tab.5 Protein expression levels of AMPK and PGC-1a in the gastrocnemius
muscle in each group (%, Mean+SD, n=3)

Group AMPK PGC-la
Normal 56.46+0.62 57.90+1.40
Control 42.48+1.88% 25.67+1.01%*
Model 16.27£1.07% 14.29+0.65"
Treatment 21.8+1.1744 20.67+2.00%%
F 648.10 406.17

P <0.001 <0.01

#*P<0.01 vs normal group; “P<0.01 vs control group; ““P<0.01 vs model group.

Bax

Bcel-2

Cyte

E5 &AE/NREBZABax, Bel-2#0Cyt c BB RIE

Fig.5 Immunohistochemistry for detecting Bax, Bcl-2 and Cyt ¢ protein expressions in the gastrocnemius muscle in each group
(x400). A: Normal group. B: Control group. C: Model group. D: Treatment group.
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*®6 FH/NRHEAA Bax Bcl-2#1 Cyt c B AFRIE
Tab.6 Protein expression levels of Bax, Bcl-2 and Cyt c in the gastrocnemius muscle
in each group (%, Mean+SD, n=3)

Group Bax Bcl-2 Cytc
Normal 29.42+0.79 71.08+1.53 20.41+0.53
Control 51.03+1.74%* 55.40+0.92%* 43.32+1.55%*
Model 80.67+1.36™ 37.53+1.41" 69.45+1.13"
Treatment 33.38£1.0°° 57.27£1.07%% 38.02+0.96" "
F 661.12 293.84 674.29

P <0.001 <0.001 <0.001

#%P<(0.01 vs normal group; “P<0.01 vs control group; “*P<0.01 vs model group.

AIF

Smac

Apaf-1

Eo6 &E/NRMEBAALAIF, Smac K Apafl EHRIE
Fig.6 Immunohistochemistry for detecting AIF, Smac and Apafl protein expressions in the gastrocnemius muscle in each
group (x400). A: Normal group. B: Control group. C: Model group. D: Treatment group.

xR7 BE/NBHEFALAIF . Smac 1 Apafl EBRiL
Tab.7 Protein expression levels of AIF, Smac and Apafl in the gastrocnemius muscle
in each group (%, Mean+SD, n=3)

Group AIF Smac Apafl
Normal 17.09+0.58 18.21+0.66 19.54+0.51
Control 36.43+0.50%* 36.41+0.69%* 39.32+0.69%**
Model 51.70+0.55" 51.23+1.72" 49.32+1.27™
Treatment 27.24+0.32°% 23.59£1.59%% 29.63£1.68%"
F 1719.99 270.47 252.82

P <0.001 <0.001 <0.001

#%P<(0.01 vs normal group; “P<0.01 vs control group; “*P<0.01vs model group.

{5 SRR, Bel-2 FEPTIT- 85 14 Bel-2 ks /b {8 AIF Il Smac B A M i, H v Cyto ¢, Apaf-1 Fll
AT 5 [ Bax F2i539 01, Bax 5 v B4R iR A, 55 pro-caspase-9 45 &, W T2 2 AR, 4k imi 5T )
SRR MEGE B PR e Lok AR %, Cyt e caspase-9, G i caspase-3 K S , i A28 &
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Clea-caspase9

Clea-caspase3

7 &4B/INFRHEBAR cleaved caspase-9 # cleaved caspase-3 & &K%
Fig.7 Immunohistochemistry for detecting cleaved caspase-9 and cleaved caspase-3 expressions in the gastrocnemius
muscle in each group (x400). A: Normal group. B: Control group. C: Model group. D: Treatment group.

R8 &H/INFRHEBARL cleaved caspase-9 #M cleaved caspase-3
E4SESn

Tab. 8 Protein expression levels of cleaved caspase-9 and
cleaved caspase-3 in the gastrocnemius muscle in each
group (%, Mean+SD, n=3)

Group Cleaved-caspase9 Cleaved-caspase3
Normal 16.35+0.34 19.61+0.50
Control 44.50+0.84%** 29.94+1.60%*
Model 90.65+0.80" 58.86+1.33"
Treatment 20.08+0.43%% 20.67£2.00%%
F 2244.19 569.43

P <0.001 <0.01

#%P<(0.01 vs normal group; “P<0.01 vs control group; “*P<0.01
vs model group.

A 2, G AR ML T ATF 2 A 2 40 fud B gL
ARG G AR R B BEARIR T A R WL, 5 A
JRLRI T 5 107 Smac P T 2 1 (TAP) ik, fe 4
MIPRAT Y FEASZIG IS, 5 X0 A LR, AR 20 /)
SUHE LD Bel-2 263K 3% T4, T Bax.Cyto C.AIF,
Apaf-1.Smac.cleaved caspase-3 fllcleaved caspase-9 1\
Rk L, UL 5-FU 3:8 Bax/Bel-2 LU S A
SRLARREE BN, RIEHE 2 Cyto o BEBUHANMLIH T
s, 5 DR #S LA 5. 1 QFG WIBE(EHERZ L H
B Bel-2 2% 1, A Bax . Cyto C \AIF ,Apaf-1.
Smac, cleaved caspase-3 Fll cleaved caspase-9 ik, 2
7~ QFG et 5-FU 5 | rY bR Ia T, Tk
W4

25 L i, QF G REMSAT RUmAR: 5-FU X psRg /I il i)
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Al REE 5 QFGIl I AMPK/PGC- la {5 5 18 P& 435
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INSARS PR 55 BOAILAR , TR A RAIAILHR] LB T Bk L E MR
AR i et — D FEAHR T .

Declaration of interests: The authors declare no competing
interests.

SE L

[1] Cao WY, Li JH, Yang KP, et al. An overview of autophagy:
Mechanism, regulation and research progress[J]. Bull Cancer, 2021,
108(3): 304-22.

[2] Beesley VL, Ross TL, King MT, et al. Evaluating patient-reported
symptoms and late adverse effects following completion of first-line
chemotherapy for ovarian cancer using the MOST (Measure of
Ovarian Symptoms and Treatment concerns) [J]. Gynecol Oncol,
2022, 164(2): 437-45.

[3] Fox RS, Ancoli-Israel S, Roesch SC, et al. Sleep disturbance and
cancer-related fatigue symptom cluster in breast cancer patients
undergoing chemotherapy[J]. Support Care Cancer, 2020, 28(2):
845-55.

[4] Liu WM, Liu J, Ma L, et al. Effect of mindfulness Yoga on anxiety
and depression in early breast cancer patients received adjuvant
chemotherapy: a randomized clinical trial[J]. J Cancer Res Clin
Oncol, 2022, 148(9): 2549-60.

[5] Zhang H, Meng YT, Jiang RX, et al. Effect of multimodal exercise
on cancer-related fatigue in patients undergoing simultaneous
radiotherapy and chemotherapy: a randomized trial in patients with
breast cancer[J]. Altern Ther Health Med, 2023, 29(5): 233-7.

[6] Mallard J, Hucteau E, Charles AL, et al. Chemotherapy impairs
skeletal muscle mitochondrial homeostasis in early breast cancer
patients[J]. J Cachexia Sarcopenia Muscle, 2022, 13(3): 1896-907.

[7] Mallard J, Hucteau E, Bender L, et al. A single chemotherapy
administration induces muscle atrophy, mitochondrial alterations
and apoptosis in breast cancer patients[J]. J Cachexia Sarcopenia
Muscle, 2024, 15(1): 292-305.



http://www.j-smu.com

J South Med Univ, 2026, 46(1): 94-103

+ 103

[8] Jahnke VE, Peterson JM, Van Der Meulen JH, et al. Mitochondrial
dysfunction and consequences in calpain-3-deficient muscle[J].
Skelet Muscle, 2020, 10(1): 37.

[9] %aablﬂ PSR i 2 O d N e T | B2 X )

RIS S AE BRI LT]. ) 7R =24, 2017, 38(12): 1789-94.

[10] 5‘{% B, TR, VRIEAR, 45 S R T OJr i 0% AMPK/SIRT/
PGC-lou 3% COPD i it e iR AT R At (1] 3 O B}
KEFAR,2025, 45(5): 969-976.

(11] SGHgHe, skitss R R AT 5 R R R M = i vh P R
PER L] iR 2y, 2018, 36(5): 119-21.

C12) 43, MR, AR, 55 W ERIE DT & mFOLFOX4 J5 3R
W K R T P Asom g ] fre I 24, 2019, 50(1): 20-1, 24.
(03] E 0, BRiesr, MRk, 55 . R = i rh Y AT e e (10, vh

A 22k, 2023, 38(3): 1185-9.

(141 )8 &, VKSR, BB, 45 m IR = (4 P B BRIAEHT [0 e
BE2hZuaE, 2022, 37(2): 982-5.

[15]Wei XT, Xin JY, Chen W, et al. Astragalus polysaccharide
ameliorated complex factor-induced chronic fatigue syndrome by
modulating the gut microbiota and metabolites in mice[J]. Biomed
Pharmacother, 2023, 163: 114862.

[16] Dong J, Wang S, Gui YR, et al. Astragalus membranaceus (Huang
Qi) for cancer-related fatigue: a protocol for systematic review and
meta-analysis[J]. Medicine (Baltimore), 2022, 101(3): €28633.

(1714 22, WIUIAE, SKPHPY, 25 B MR M R B AN AR R AL
il f”ﬂ“[ﬂ Wé’ﬁ?‘ﬂ'ﬁ%llﬁ: JRZGHL, 2021, 32(4): 505-10.

(181 FRAREK, 250, SRR, 45 . 22 SR IR B % M A 0 90 55 E IR
FElI]. Bih SRR, 2015, 51(5): 17-9, 26.

(19] RS ML, WhAERR, F 5o, 55 . R M HARURIMATT ERENLIE 11
VERIBURIF TR [J] . e rh PR 22511, 2025, 43(10): 171-5.

(201158288, 5 MO, OO, 45 . B BOM BT S M I3 BT 55 7
FHR R TE A S 26 [ 1] IR BEZY, 2022, 42(5): 26-32.

(2112 W, 2058 . B2l 2GR T Rl RN (7] I h B2
2BEsAR, 2024, 47(1): 68-75.

[22] Wu ZH, Yin B, You FM. Molecular mechanism of anti-colorectal
cancer effect of Hedyotis diffusa willd and its extracts[J]. Front
Pharmacol, 2022, 13: 820474.

[23]Zhu DY, Yuan SM, Chen C. Hedyotis diffusa-Sculellaria barbata
(HD-SB) suppresses the progression of colorectal cancer cells via
the hsa_circ_0039933/hsa-miR-204-5p/wnt11 axis[J]. Sci Rep,
2023, 13(1): 13331.

[24] Yang ZP, Lu S, Tang HZ, et al. Molecular targets and mechanisms of
Hedyotis diffusa- Scutellaria barbata herb pair for the treatment of
colorectal cancer based on network pharmacology and molecular
docking[J]. Evid Based Complement Alternat Med, 2022, 2022:
6186662.

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

[26] Deng XH, Zhang SW, Wu JZ, et al. Promotion of mitochondrial
biogenesis via activation of AMPK-PGCla signaling pathway by
ginger (Zingiber officinale Roscoe) extract, and its major active
component 6-gingerol [J]. J Food Sci, 2019, 84(8): 2101-11.

[27] Sun SN, Yang SR, Cheng Y, et al. Jinlida granules alleviate podocyte
apoptosis and mitochondrial dysfunction via the AMPK/PGC-la
pathway in diabetic nephropathy [J]. Int ] Mol Med, 2025, 55(2): 26.

[28] Fontana F, Macchi C, Anselmi M, et al. PGCl- « -driven
mitochondrial biogenesis contributes to a cancer stem cell
phenotype in melanomal[J]. Biochim Biophys Acta Mol Basis Dis,
2024, 1870(1): 166897.

[29) 054 Ak, WD, X &, 2% 22kl AMPK/PGC-10/NRF1 /¢
SINZRLADR R TR M O EREE (1] P 2525 L5 IR R, 2025,
41(9): 2-9.

[30] Yang XF, Xue PP, Chen HR, et al. Denervation drives skeletal
muscle atrophy and induces mitochondrial dysfunction, mitophagy
and apoptosis via miR-142a-5p/MFNI1 axis[J]. Theranostics, 2020,
10(3): 1415-32.

[31] Piao LM, Huang Z, Inoue A, et al. Human umbilical cord-derived
mesenchymal stromal cells ameliorate aging-associated skeletal
muscle atrophy and dysfunction by modulating apoptosis and
mitochondrial damage in SAMP10 mice[J]. Stem Cell Res Ther,
2022, 13(1): 226.

[32] Cao YY, Wang Z, Yu T, et al. Sepsis induces muscle atrophy by
inhibiting proliferation and promoting apoptosis via PLK1-AKT
signalling [J]. J Cell Mol Med, 2021, 25(20): 9724-39.

[33] Nguyen TT, Wei SB, Nguyen TH, et al. Mitochondria-associated
programmed cell death as a therapeutic target for age-related disease
[J]. Exp Mol Med, 2023, 55(8): 1595-619.

[34] Gu J, Rauniyar S, Wang Y, et al. Chrysophanol induced glioma cells
apoptosis via activation of mitochondrial apoptosis pathway[J].
Bioengineered, 2021, 12(1): 6855-68.

[35] Cosentino K, Hertlein V, Jenner A, et al. The interplay between BAX
and BAK tunes apoptotic pore growth to control mitochondrial-
DNA-mediated inflammation [J]. Mol Cell, 2022, 82(5): 933-49.¢9.

[36] Zhang S, Rao SJ, Yang MW, et al. Role of mitochondrial pathways in
cell apoptosis during He-patic ischemia/reperfusion injury [J]. Int J
Mol Sci, 2022, 23(4): 2357.

[37] Wang HJ, Zhang CW, Li MN, et al. Antimicrobial peptides mediate
apoptosis by changing mitochondrial membrane permeability[J].
IntJ Mol Sci, 2022, 23(21): 12732.

[38] Flores-Romero H, Dadsena S, Garcia-Saez AJ. Mitochondrial pores
at the crossroad between cell death and inflammatory signaling[J].
Mol Cell, 2023, 83(6): 843-56.

[39] Cetraro P, Plaza-Diaz J, MacKenzie A, et al. A review of the current
impact of inhibitors of apoptosis proteins and their repression in
cancer[J]. Cancers (Basel), 2022, 14(7): 1671.

[40] Picca A, Calvani R, Coelho-Junior HJ, et al. Cell death and
inflammation: the role of mitochondria in health and disease[J].
Cells, 2021, 10(3): 537.

[41] Barroso T, Melo-Alvim C, Ribeiro LA, et al. Targeting inhibitor of
apoptosis proteins to overcome chemotherapy resistance-a marriage
between targeted therapy and cytotoxic chemotherapy [J]. Int J Mol
Sci, 2023, 24(17): 13385.

(il 22 13%)



