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Chemotherapy-related fatigue (CRF), one of the most severe adverse e�ects observed in cancer patients, has been theoretically
related to oxidative stress, and antioxidant treatment might be one of the most valuable therapeutic approaches. However, there
are still few e�ective pharmacological therapies. Yifei Sanjie pills (YFSJ), a classical formula used to treat lung cancer as
complementary and alternative medicine, have been proved to alleviate CRF of lung cancer patients in clinical practices. However,
the underlying mechanisms have not been clari�ed. In this study, our data showed that YFSJ alleviated CRF presented as reversing
the decline of swimming time and locomotor activity induced by cisplatin (DDP). Moreover, YFSJ signi�cantly reduces the
accidence of mitophagy and mitochondrial damage and reduces apoptosis in skeletal muscle tissues caused by DDP. It probably
works by decreasing the oxidative stress, inhibiting the activation of the AMPK/mTOR pathway, decreasing protein expression
levels of Beclin1 and other autophagy-related proteins, and attenuating the activation of Cytochrome c (cyto. C), Cleaved Caspase-
9 (c-Casp 9), and other apoptosis-related proteins. Furthermore, YFSJ enhanced DDP sensitivity by speci�cally promoting
oxidative stress and activating apoptosis and autophagy in the tumor tissues of mice. It was also found that YFSJ reduced the loss
of body weight caused by DDP, reversed the ascent of serum concentrations of alanine aminotransferase (ALT), aminotransferase
(AST), and creatinine (CREA), increased the spleen index, and prolonged the survival time of mice. Taken together, these results
revealed that YFSJ could alleviate CRF by reducing mitophagy and apoptosis induced by oxidative stress in skeletal muscle; these
results also displayed the e�ects of YFSJ on enhancing chemotherapy sensitivity, improving quality of life, and prolonging survival
time in lung cancer mice received DDP chemotherapy.

1. Introduction

Although advances have been made in targeted therapy and
immunotherapy, platinum-based chemotherapy is still the
standard treatment for advanced lung cancer, with a large
proportion [1–3]. Chemotherapy-related fatigue (CRF), one
of the most severe adverse e�ects caused by chemothera-
peutic treatments, has been observed in 27–82% of patients
with advanced lung cancer [4], presenting as a persistent

distressing, subjective sense of tiredness or exhaustion [5],
which a�ects the long-term quality of life or even result in
the deaths of patients [6].

Despite the prevalence of this condition, the etiology of
CRFhasnot been fully elucidated. Some studies found that the
possible mechanisms were associated with energy unbalance,
in§ammation, changes in circadian rhythm, depression, and
immune system disorders [7]. However, increasing evidence
indicates that the occurrence of CRF is related to the
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dysfunction of skeletal muscle, which has an essential pro-
portion in maintaining the energy homeostasis of the human
body [8]. A study on chemotherapy-treated patients reported
that chemotherapy always indistinguishably targets the mi-
tochondria of both cancerous and noncancerous cells, in-
ducing fatigue due to high oxidative stress [9–12]. Its potential
mechanism is that the damage pathways of noncancerous
cells, especially in highly metabolic organs such as skeletal
muscle, will be stimulated by adaptive responses to oxidative
stress and induce reactive oxygen species (ROS) over-
generation [13–18]. Accumulation of ROS-caused mito-
chondrial damage can be removed by an autophagic process
called “mitophagy” to maintain cell homeostasis [19]. How-
ever, when more devastating damage is beyond the capability
of mitophagy, the dysfunctional mitochondria will induce
apoptotic cell death, which can lead to the onset of CRF
[20, 21].While CRF has been theoretically related to oxidative
stress, and antioxidant treatment might be one of the most
valuable therapeutic approaches for CRF, there are still few
effective pharmacological therapies that can successfully
eliminateCRF [22].At the same time, tumor size is also closely
related to CRF [23]. *erefore, further research is urgently
needed to raise new interventions to prevent, postpone or
eliminate fatigue in cancer patients.

*e use of Traditional ChineseMedicine (TCM)might be
one such possible strategy, which is wildly used in CRF
treatment to reduce fatigue or improve the quality of life in
cancer patients [24]. Yifei Sanjie pills (YFSJ), also known as
“Yiqi Chutan Tang,” is a TCM formula used to treat lung
cancer as complementary and alternative medicine, which
consists of Panax quinquefolius Radix (Xi yang shen),
Ranunculi Ternati Radix (Mao zhao cao), Sarcandrae Herba
(Zhong jie feng), Pinelliae Rhizoma Praeparatum (Fa ban
xia),Ganoderma (Ling zhi),Bombyx batryticatus (Chao jiang
can), Cremastrae Pseudobulbus Pleiones Pseudobulbus (Shan
ci gu), and Fritillariae .unbergii Bulbus (Zhe bei mu).
Previous studies reported that the major herbs of YFSJ, such
as Panax quinquefolius Radix and Ganoderma, have been
approved for anti-CRF effects in the clinic and preclinic
studies due to the inhibition of oxidative stress and the im-
provement of mitochondrial function in skeletal muscles
[25–32]. Phytochemicals absorbed from .unbergii Bulbus,
Bombyx batryticatus, and Pinelliae Rhizoma Praeparatum
could also reduce oxidative stress by decreasing free radical
formation and scavenging free radicals [33–35], which were
commonly associated with fatigue. Furthermore, our previ-
ous clinical practices have shown the effects of YFSJ to
prolong themedian survival time [36, 37] and alleviateCRF in
non-small-cell lung cancer (NSCLC) patients [38, 39].
However, theunderlyingmechanismshavenotbeen clarified.
In this study, inaddition to itsusual antitumoreffects,wehave
focused on the oxidative stress,mitochondria autophagy, and
apoptosis in skeletal muscle of CRF mice model to demon-
strate the underlying mechanisms of YFSJ against CRF.

2. Materials and Methods

2.1. YFSJ Preparation. YFSJ was composed of eight herbs
formed by pill preparation and was purchased from the First

Affiliated Hospital of Guangzhou University of Chinese
Medicine (Guangdong, China). YFSJ (8 g/packet) was dis-
solved in 24mL normal saline, and the solution was pro-
moted by eddy vibration to the final concentration of 0.33 g/
mL before use. Details of the herbal materials are listed in
Supplementary Figure 1 and Supplementary Table 1.
Chemical constituents of YFSJ were identified based on the
Q-Orbitrap high-resolution liquid/mass spectrometry (Q-
Orbitrap-LC/MS). *e data collected by high-resolution
liquid mass were processed by CD2.1 (*ermo Fisher) and
then searched and compared in the database (MZCloud,
MZVault, ChemSpider). *e peak intensity chromatograms
of chemical constituents in YFSJ were displayed in Sup-
plementary Figure 2. *e obtained compounds were cross-
linked with the known traditional Chinese medicine com-
ponents in YFSJ to screen out the possible compounds listed
in Supplementary Table 2.

2.2. Chemicals and Reagents. Cisplatin (DDP, Cat.
#H20010743) injection was purchased from Jiangsu Hausen
Pharmaceutical Co., Ltd (Jiangsu, China). Dulbecco’s
modified Eagle’s medium (DMEM, Cat.#11965092), fetal
bovine serum (FBS, Cat.#10270106), penicillin/streptomycin
(Cat.#10378016), and phosphate-buffered saline (PBS,
Cat.#10010023) were supplied by Gibco (NY, USA). Primary
antibodies against Beclin1 (Cat.#11306-1-AP), p62
(Cat.#66184-1-Ig), Cytochrome c (cyto. C, Cat.#66264-1-Ig),
and DAPK1 (Cat.#25136-1-AP) were purchased from Pro-
teintech (Wuhan, China). Primary antibodies against
Phospho-AMPKα (p-AMPKα, Cat.#50081S), Phospho-
mTOR (p-mTOR, Cat.#5536T), Atg7 (Cat.#8558T), LC3A/B
(Cat.#12741S), Cleaved Caspase-9 (c-Casp 9, Cat.#20750S),
Cleaved Caspase-3 (c-Casp 3, Cat.#9661T), Cleaved PARP
(c-PARP, Cat.#5625T), Phospho-SAPK/JNK (p-JNK,
Cat.#9255S), Phospho-p53 (p-p53, Cat.#9284T), Bax
(Cat.#2772T), and GAPDH (Cat.#5174T) and rabbit
(Cat.#7074P2) or mouse (Cat.#7076P2) secondary antibodies
were purchased from Cell Signaling Technology (Danvers,
MA, USA).

2.3. Cell Culture. Lewis lung cancer (LLC) cells were acquired
from the Guangzhou University of Chinese Medicine
(Guangzhou, China). *e cells were cultured in the DMEM
medium containing 10% FBS, 1% streptomycin, and 1%
penicillin andmaintained in a 5%CO2 incubator at 37°C.Cells
were subcultured when the density reached 90% to proliferate
enough and were used for subsequent experiments.

2.4. Lung Cancer Xenogeneic Mouse Model. A total of 100
five-week-old C57/BL mice (15± 1 g) were purchased from
Beijing HFK Bioscience Co., Ltd., [Approval No. SCXK
(Jing) 2019–0008, Beijing, China]. All experiments were
conducted according to the relevant laws and institutional
guidelines and with the approval of the Animal Ethics
Committee of Jinan University (Approval No. IACUC-
20200923-06). After acclimatizing for 10 days, 20 mice were
randomly selected as the NC group (normal control). *e
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remaining mice were given subcutaneous injections with
1× 106 LLC cells in the right flank to establish the lung
cancer xenogeneic mice model. When the tumor size
reached 80–100mm3, the xenografts mice were randomly
divided into four groups (n� 20): (1) TC group (mice with
tumor but without any treatment); (2) DDP group (mice
with tumor and treated with DDP, intraperitoneal, 5mg/kg,
0.1ml, once weekly); (3) DDP+YFSJ group (mice with
tumor and cotreated with DDP and YFSJ; DDP, intraper-
itoneal, 5mg/kg, 0.1ml, once weekly; YFSJ, intragastrical,
3 g/kg, 0.2ml, once daily); (4) YFSJ group (mice with tumor
and treated with YFSJ, intragastrical, 3 g/kg, 0.2ml, once
daily). *e NC and TC groups have received administration
of normal saline (with the same route and volume of DDP
and YFSJ). Each group of mice was randomly divided into
two subgroups, one for survival analysis and the other for
other experiments.

2.5. Behavioral Tests

2.5.1. Weight-Loaded Swimming Test (WST). Mice were
subjected to WST before administration and on the 7th,
14th, and 21st days after administration, respectively, as the
previous study described [29]. *e mouse was placed sep-
arately in the swimming pool with 20 cm in diameter, 35 cm
high, and at stationary temperature (25°C± 1°C), where the
mouse could just touch the bottom with its feet to support
itself. A 7% of the body weight tin wire was fixed on the root
of the tail to weight load the mouse. When it failed to rise to
the water surface to breathe within a 10 sec period, the
mouse would be determined to be exhausted and salvaged
from the water, dried with a towel, and placed back in the
original cage. *e time spent by the mouse floating in the
water with necessary movements until exhausting its
strength was recorded, which was considered a negative
correlation with fatigue.

2.5.2. Open-Field Test (OFT). Twenty-four hours after the
WST, the OFTwas conducted in an arena made of plexiglass
(100×100× 50 cm3). *e arena was divided into the center
area with a 50× 50 cm2 square and the peripheral area with
twelve25× 25 cm2squares.*emousewasplacedseparately in
the arena for 5 minutes. Locomotor activity was monitored
using an infrared camera. *e total movement distance, dis-
tance, and time spent in each mouse’s central and peripheral
areas in the specified observation time were calculated and
analyzed using the EthoVision XT 14 software (Noldus In-
formation Technology Co., Ltd, Beijing, China). Each mouse
wasreturned to itshomecageafter thebehavioral test.*eOFT
apparatus was thoroughly cleaned with 70% ethyl alcohol to
eliminate any olfactory cues between tests.

2.6. Determination of the Survival Time ofMice, BodyWeight,
and TumorVolume of YFSJ. Ten mice from each group were
randomly selected for survival analysis, and the survival time
was recorded up to 90 days after the beginning of treatment.
At the end of the survival analysis, the still-alive mice were

terminated individually by deeply anesthetized with pen-
tobarbital sodium by intraperitoneal injection (150mg/kg).
Another ten mice from each group were selected for other
experiments, and the body weight and tumor volume of the
mice were measured every three days. *e computational
formula of tumor volume� long diameter (L)× short di-
ameter (W)2 × 0.5.

2.7. Mouse Sacrifice, Sample Collection, and Detection of Se-
rumBiochemical Indices. After all behavioral tests, the other
10 mice of each group were anesthetized with isoflurane
inhalation (RWD Life Science Pharmaceutical Co., Ltd.,
Shenzhen, China). *e tumors and bilateral gastrocnemius
muscles of mice were immediately removed on ice for the
following examination when the mice were unconscious.
*e spleen was removed and weighed to measure the spleen
index (weight of spleen/body weight× 10×100%). *e
whole blood samples were collected, placed at room tem-
perature for 2 hours, and centrifuged at 3000 r/min at 4°C for
15min, and the supernatants were taken for biochemical
measurement. *e levels of serous alanine aminotransferase
(ALT), aminotransferase (AST), and creatinine (CREA)
were detected according to the procedures provided in the
kits (Rayto Life Sciences Inc., Shenzhen, China) and ana-
lyzed by the automatic biochemical analyzer Chemray 800
(Redu Life Technology Inc., Shengzhen, Chian).

2.8. Determination of the Concentrations of Oxidative Stress
Markers. *e tissue ROS assay kit (Cat.#BB-470532, Best-
Bio, Shanghai, China) was used to measure gastrocnemius
muscle and xenograft tumor tissues ROS concentrations.
*e Cu/Zn-SOD and Mn-SOD assay kit with WST-8
(Cat.#S0103, Beyotime, Shanghai, China) was used to
measure gastrocnemius muscle and xenograft tumor tissues
SOD concentrations. *e Lipid Peroxidation MDA assay kit
(Cat.#S0131S, Beyotime, Shanghai, China) was used to
measure MDA concentrations in gastrocnemius muscle and
xenograft tumor tissues. In short, we completed the deter-
mination of ROS, SOD, and MDA concentrations according
to the kit’s instructions. *ese experiments were performed
in triplicate. ROS data are expressed as the percentage of the
fluorescence intensity relative to that of the control group.
*e data of SOD are expressed in U/mg protein. *e data of
MDA are expressed in μmol/mg protein.

2.9. Examination of the Gastrocnemius Muscle Tissues

2.9.1. ElectronMicroscopy (EM). *e fresh muscle tissue was
dissected further into 2× 2mm3 samples immediately, fixed
with 2.5% glutaraldehyde for 4 h at 4°C, and triple rinsed
with PBS. *en, the samples were fixed with 1% osmic acid
for 2 h, triple rinsed with PBS again, and dehydrated with
alcohol of gradient concentration (50%, 70%, 80%, 90%, and
95%) acetone for 20min. After that, muscle tissue was
immersed in Epon812 overnight and polymerized in a 45°C
drying oven for 12 h. At last, samples were cut into 70 nm
slices, stained with uranyl acetate and lead citrate, and
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captured under an electron microscope (HITACHI HT7700,
Japan). *e condition of mitochondria and autophagosomes
was assessed using Image-pro plus 6.0 system (Media Cy-
bernetics, Inc., Rockville, USA).

2.9.2. Hematoxylin and Eosin (HE) Staining. A portion of
the left fresh muscle tissue was fixed with 4% paraformal-
dehyde, dehydrated, embedded in paraffin, cut into 5 μm
slices, then stained with hematoxylin for 30min and eosin
for 5min, vitrified with xylene, and sealed with neutral resin.
*e stained slices were observed and photographed under a
light microscope at 200x magnification (NIKON Eclipse ci,
Japan). Semiquantitative scoring of tissue lesions was cal-
culated according to El-Far et al. [40]. Briefly, lesions in 3
fields were chosen randomly from each slide for each mouse
and averaged. *e lesions were scored in a blinded way
(score scale: 0� normal; 1≤ 25%; 2� 26–50%; 3� 51–75%;
and 4� 76–100%).

2.9.3. Terminal-Deoxynucleoitidyl Transferase Mediated Nick
End Labeling (TUNEL) Staining. *e rest paraffin-embed-
ded muscle tissue section detected the apoptosis level using
the TUNEL apoptosis detection kit (AtaGenix, Hubei,
China). After dewaxing, the section was added 20 μg/mL
protease K for 30min at 37°C and triple rinsed in PBS. *en,
the samples were stained with 4′, 6-diamidino-2-phenyl-
indole (DAPI, 0.05 μg/mL, Servicebio, Wuhan, China) in
PBS for 10min and sealed after rinsing three times with PBS.
Fluorescent images were captured at 400x magnification
under a fluorescence microscope (NIKON Eclipse ci, Japan).
*ese experiments were performed in triplicate. *e inte-
grated densities of TUNEL-positive areas were measured
using ImageJ (v1.46r; NIH, Bethesda, MD, USA) [41].

2.10. Western Blotting. An appropriate amount of mouse’s
tumor and right gastrocnemius muscle were dissected and
immediately separated on ice. Tissues were homogenized
with the Scientz-48 High-throughput tissue grinder (Xinzhi
Biological Co., Ltd, Ningbo, China) and RIPA Lysis Buffer
(Cell Signaling Technology, Inc. Massachusetts, USA),
centrifuged at 4°C, 12000g for 10min. *e supernatant was
collected for detecting protein concentration and western
blot analysis. *e protein concentration in the obtained
supernatant was determined using an Enhanced BCA
Protein Assay Kit (Beyotime Biotechnology, Shanghai,
China). *e target protein was separated with 8–10% SDS-
PAGE (Beyotime, Shanghai), transferred to a polyvinylidene
fluoride (PVDF)membrane (Millipore, Marlborough, USA),
sealed with 5% skimmed milk powder at room temperature
for 60min, and incubated with the primary antibodies at 4°C
overnight: anti-p-AMPKα (1 :1000), anti-p-mTOR (1 :
1000), anti-Beclin1 (1 :1000), anti-Atg7 (1 :1000), anti-
LC3A/B (1 :1000), anti-p62 (1 :1000), anti-cyto. C (1 :1000),
anti-c-Casp 9 (1 :1000), anti-c-Casp 3 (1 :1000), anti-c-PARP
(1 :1000), anti-p-JNK (1 :1000), anti-p-p53 (1 :1000), anti-
Bax (1 :1000), anti-DAPK1 (1 :1000), and anti-GAPDH (1 :
2500). Subsequently, the target protein was washed with

Tris-buffered Saline Tween-20 (TBST) solution three times,
incubated with the corresponding secondary anti-rabbit or
anti-mouse antibody (1 : 5000) at room temperature for
60min, washed with TBST solution three times again, and
visualized by hypersensitive ECL kit (Beyotime, Shanghai).
*ese experiments were performed in triplicate. Density
values of the bands were captured and documented through
a gel image analysis system (ChemiDox™, Bio-Rad, USA)
and normalized to GAPDH.

2.11. Statistical Analysis. All data were expressed as the
mean± standard deviation (SD) and analyzed by SPSS 13.0
(SPSS Inc., IL,USA)orGraphPadPrism9software (GraphPad
Software, LLC, California, USA). *e experimental data of
repeated observations were analyzed with repeated measures
ANOVA. *e survival times of animals were analyzed with
Kaplan–Meier analysis.*e other data were analyzed by one-
way ANOVA and Student’s t-test. *e significance of statis-
tical differences was considered at P less than 0.05.

3. Result

3.1..e Effects of YFSJ on CRF inMice. To evaluate the effect
of YFSJ on CRF in mice, we assessed the swimming time of
the WST, total movement distance, and the ratio of the
central region to the total movement distance of the OFT. As
is shown in Figure 1(a), the tumor-bearing group mice with/
without treatment showed a significant decrease in swim-
ming time compared to the mice in the tumor-free group
(NC group). Meanwhile, the DDP treatment induced a
pronounced decrease in the swimming time of tumor-
bearing mice. However, the decline in swimming time in-
duced by DDP was significantly reversed after 21 days of
treatment with YFSJ. Additionally, the swimming time of
tumor-bearing mice in the YFSJ group is longer than in the
TC group, indicating the dual role of YFSJ in treating both
cancer- and chemotherapy-related fatigues. It is further
validated by the results of movement distance and residence
time in the central area that YFSJ treatment not only sig-
nificantly extended the total movement distance of mice but
also increased the ratio of the central region to total
movement distance in comparison with mice treated with
DDP alone (Figure 1(b)). However, there was no significant
change in the ratio of the central region to total movement
distance amongmice in the YFSJ and TC groups (Figure 1(b)
iii). *ese data collectively demonstrated that YFSJ treat-
ment might play a key role in alleviating CRF.

3.2..eEffects ofYFSJ onOxidative Stress-InducedMitophagy
in Mouse Skeletal Muscle. Since CRF is characterized by
increased oxidative stress and dysfunctional mitochondria,
which are involved in regulating mitochondria autophagy,
we proposed that the restrained oxidative stress by YFSJ
treatment contributes to the inhibition of autophagy in
skeletal muscle cells; thus, the effect of YFSJ on oxidative
stress is assessed. We first examined the ROS, SOD, and
MDA concentrations in mice to evaluate the effect of YFSJ
on oxidative stresses. *ese data revealed that the aberrant
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Figure 1:*e effects of YFSJ on CRF. (a)WST: (i) schematic diagram ofWST; (ii) the swimming time of theWST. (b) OFT: (i) pathwaymap
and regional residence time heatmap of mouse movement in OFT; (ii) the movement distance of mice, including total movement distance
and central movement distance; (iii) the proportion of the movement distance in the central region to the total movement distance of mice.
*e data are presented as the means± SD of triplicate experiments, n� 10. ns∗p> 0.05, ∗∗∗p< 0.001 compared with the NC group. #p< 0.05,
##p< 0.01, ###p< 0.001 compared with the TC group. &&p< 0.01, &&&p< 0.001 compared with the DDP group.
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production of ROS and MDA by DDP treatment could be
significantly rescued by YFSJ (Figures 2(a)–2(c)). Consis-
tently, the reduced levels of SOD were markedly elevated in
DDP+YFSJ and YFSJ groups (Figure 2(b)). As shown in the
electron microscopy of skeletal muscle mitochondria
(Figure 2(d)), the DDP groupmanifested increasing swollen,
vacuolar damaged mitochondria, which were surrounded by
the double membrane phagophore structure forming
autophagosomes compared to the TC group. However, YFSJ
significantly inhibited the formation of autophagosomes.
Moreover, Western blot data showed that YFSJ treatment
inhibited the activation of the AMPK/mTOR pathway,
counteracting the accumulated turnover of LC3-A to LC3-B
by DDP, which was further evidenced by the changed
protein expression levels of Beclin1, Atg7, and p62 in skeletal
muscle cells of mice from the DDP+YFSJ group
(Figures 2(e) and 2(f )). Taken together, these results revealed
that oxidative stress-mediated mitophagy is responsible for
the inhibitory effect of YFSJ on CRF.

3.3..eEffects ofYFSJ onChemotherapy-InducedApoptosis in
Mouse Skeletal Muscle. HE staining results showed that the
tissue structures of skeletal muscles were clear and complete
in the DDP+YFSJ group while destroyed in the DDP group
with an amount of muscle fiber breakage, such as swelling
between muscle cells or broken connections between muscle
cells (Figure 3(a)). TUNEL assay was performed to detect
apoptosis levels. As shown in Figure 3(b), mice treated with
DDP+YFSJ attenuated the elevated skeletal muscle cell
apoptosis by DDP. To substantiate the above findings, a
series of proapoptotic proteins (e.g., cyto. C, c-Casp 9,
c-Casp 3, and c-PARP) were detected. Western blot data
revealed that YFSJ treatment attenuated the promoting effect
of DDP on skeletal muscle cell apoptosis (Figure 3(c)), which
is consistent with the results of the TUNEL assay. *us,
reduced apoptosis in skeletal muscle cells by alleviating
oxidative-mediated mitophagy may be the potential
mechanism of YFSJ in the treatment of CRF.

3.4. .e Effects of YFSJ on Xenograft Tumors in Mice. *e
antitumor effects of YFSJ were investigated in vivo. As is shown
in Figure 4(a), xenografts-bearing mice treated with
DDP+YFSJ exhibited the lowest growth rate compared to
other groups. Tumor size and tumor weight were significantly
reduced in DDP+YFSJ-treated mice. Although xenografts
treated with DDP or YFSJ alone showed a decrease compared
to xenografts in the TC group, the combined treatment of DDP
and YFSJ exhibited a more significant antitumor effect. Ad-
ditionally, we assessed the ROS, SOD, and MDA concentra-
tions in tumor tissues. *e results demonstrated that either
single or combined treatment could significantly promote ROS
and MDA production (Figures 4(b) and 4(d)), while SOD, as
an antioxidant index, showed an opposite trend (Figure 4(c)).
Subsequently, Western blots were performed to detect apo-
ptosis and autophagy in xenografts. Consistently, xenografts
treated with DDP or YFSJ alone both displayed activated cell
apoptosis and autophagy, while the combined treatment of
DDP+YFSJ showed the most potent effects (Figures 4(e)–

4(h)), as evidenced by activation of the JNK/p53 pathway,
increasing Bax, c-Casp 3, c-PARP, Beclin1, Atg7, and LC3B and
reducing p62 in protein expression levels. In conclusion, YFSJ
has an inhibitory effect on tumor growth and is synergistic with
the antitumor effect of DDP.

3.5..eEffects of YFSJ on theQuality of Life and Survival Time
in Mice. Accumulating evidence has highlighted the impor-
tance of CRF in patientswith cancers’ quality of life and survival
time [42]. To investigate whether reduced fatigue of mice by
YFSJ treatment could contribute to a better prognosis and
desirable quality of life, we evaluated the survival time, body
weight, and serum concentrations of ALT, AST, and CREA of
themice. As is shown in Figure 5(a), the survival time ofmice in
theNCgroup is the longest compared to tumor-bearingmice in
other groups. Further analysis revealed that DDP treatment did
not substantially prolong the survival time. In contrast, the
combined therapies of DDP and YFSJ or YFSJ treatment alone
could significantly extend the survival time of tumor-bearing
mice. Afterward, body weight, ALT, AST, and CREA concen-
trationswere detected.*e results demonstrated that compared
with the TC group, mice’s body weights were slightly reduced
after DDP treatments. Nevertheless, YFSJ treatments signifi-
cantly restore the body weight loss of mice induced by DDP
(Figure 5(b)). Analysis of serum markers exhibited ascending
concentrations of ALT, AST, and CREA in mice of the DDP
group while descending levels in the DDP+YFSJ group
(Figure 5(d)). Pathologically, the spleen was compensatively
enlargeddue to the retention of immunocytes in the spleen [43].
As a result, the spleen index of mice in the TC group was the
highest. By contrast, the spleen index of the DDP-treated group
was reduced significantly; the DDP+YFSJ group increased the
spleen index compared to mice treated with DDP alone, which
indicated the immunosuppression resulting from the DDP
treatment could be activated by YFSJ (Figure 5(c)). *e above
results revealed that YFSJ could overcome the toxicity and
improve the quality of life of mice by DDP.

4. Discussion

YFSJ is a proprietary medicine developed from traditional
Chinese medicine prescriptions, Yiqi Chutan Tang, with
lung cancer treatment. Interestingly, in clinical observation,
we found that it had a significant effect on the improvement
of CRF [38, 39]. In order to clarify the underlying mecha-
nisms, in the current research, the xenogeneic model was
established in C57/BL mice using LLC cells and treated with
DDP to simulate a CRF situation that occurs in humans; the
WSTand OFTwere used for the evaluation of fatigue related
to chemotherapy. Moreover, we used the model to evaluate
the effect of YFSJ on the fatigue caused by DDP.

*e WST assessed the endurance and fatigue status [44].
*e indices of locomotor activities were tested in the OFT
[45–47] to evaluate the physical and psychical fatigue, re-
spectively. In this study, the TC and DDP group showed
more obvious physical and psychical fatigue than the NC
group by significantly decreasing swimming time, less lo-
comotor distance, and residence time in the central area.

6 Evidence-Based Complementary and Alternative Medicine



**

***

ns*

ns*

##

##

&&

0

50

100

150

200

250

RO
S 

re
lat

iv
e t

o 
co

nt
ro

l (
%

)

YF
SJTCN
C

D
D

P

D
D

P+
YF

SJ

(a)

ns*
##

*

***

**

###

&&&

TC

D
D

P

D
D

P+
YF

SJN
C

YF
SJ

0

4

8

12

16

20

C
on

ce
nt

ra
tio

ns
 o

f S
O

D
 (U

/m
g)

(b)

ns*
ns#ns*

**

**
##

&

YF
SJ

D
D

P

D
D

P+
YF

SJTCN
C

0.0

0.5

1.0

1.5

2.0

2.5

C
on

ce
nt

ra
tio

ns
 o

f M
D

A
 (μ

m
ol

/m
g)

(c)

NC TC DDP DDP+YFSJ YFSJ

EM

Local

MP
MP

MP

MP

(d)

Figure 2: Continued.

Evidence-Based Complementary and Alternative Medicine 7



Between the two groups, the DDP group presented more
severe fatigue than the TC group, reflecting that the fatigue of
tumor-bearing mice was aggravated by DDP chemotherapy,
which was accordant with previous research that some cancer
patients presented severer fatigue after receiving chemo-
therapy [48, 49]. At the same time, the decline in swimming

time and locomotor activities induced by DDP were sig-
nificantly reversed after 21 days of treatment with YFSJ,
indicating that YFSJ could alleviate the CRF, which was
consistent with previous clinical studies [13–15, 38, 39, 50].

Numerous studies proved that increased oxidative stress
would aggravate muscle fatigue [51–53]. Oxidative stress can
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Figure 2: *e effects of YFSJ on oxidative stress-induced mitophagy in mouse skeletal muscle. Indicators of oxidative stress in skeletal
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be produced by tumors themselves [54] and directly or
indirectly given rise by numerous chemotherapeutic agents
[55, 56]. In the oxidative stress state, overproduced free
radicals like ROS will ultimately produce MDA, directly
reflecting the degree of lipid peroxidation [57]. An anti-
oxidant such as SOD plays an essential role in removing
these productions of oxidative stress [58]. *erefore, ROS,
SOD, and MDA were chosen as biomarkers to evaluate the
degree of oxidative stress in skeletal muscle. *is study
showed that the DDP elevated the ROS and MDA con-
centrations and weakened the SOD activity significantly in
the muscle tissue; however, the oxidative stress phenomena
were alleviated significantly in the DDP+YFSJ group. *at
may be related to some components of YFSJ (Supplementary
Table 2), such as ginsenoside Rg2 and ginsenoside Rg3 [59],
which have been shown to have antioxidant effects on
normal tissues. At the same time, oxidative stress-induced
damage to mitochondrial DNA, membrane lipids, and
proteins can be degraded by mitophagy [60]. *at is because
oxidative stress leads to phosphorylation of AMPKα in the
mitochondria, which activates AMPK [61]. Activation of
AMPK inhibited the phosphorylation of mTOR [62] and
weakened the inhibition of p-mTOR on the autophagy key
factor Beclin1 [63]. Mechanistically, Beclin1 is a crucial
protein for autophagy initiation, which, together with
PIK3C3 and PIK3R4, forms a protein complex Class III
PI3K, and ultimately regulates the formation and matura-
tion of autophagosomes [64–66]. Atg7 and LC3B are
markers of autophagosome formation [67, 68]. LC3B is

involved in the recruitment of p62 to autophagosomes [69],
which is eventually degraded, and the protein level of p62
decreases [70]. *e electron microscopy results of skeletal
muscle mitochondria in the present study provide direct
evidence of mitophagy in the DDP group manifesting in-
creasing swollen, vacuolar damaged mitochondria, which
were surrounded by the double membrane phagophore
structure forming the autophagosomes. YFSJ treatment
reduced the accidence of mitophagy and damage caused by
DDP. In order to strengthen the evidence, mitophagy-re-
lated proteins were detected in this study.*e results showed
that YFSJ could reverse the expression level of DDP-induced
mitochondrial autophagy-related proteins. Proper regula-
tion of mitophagy is essential for normal cellular and
physiological function [71]. However, excessive mitophagy
can trigger cell death [72]. Skeletal muscle cells were also
observed under the microscope. DDP induced severe
damage such as twisted, broken, and irregular arrangements
of muscle fibers and even apoptosis in the muscle tissue.
Because in the process of mitochondrial autophagy, apo-
ptotic factors (such as cyto. C) are released, which further
activate Caspase-9 and Caspase-3 [73–77], ultimately
transmitting the death signal to the downstream molecules,
such as PARP [78], reducing the stability of DNA, to pro-
mote apoptosis. At the same time, ROS can also promote the
release of cyto. C from mitochondria, leading to the oc-
currence of apoptosis [79]. In the present study, the results
obtained from western blot revealed that the DDP group
exhibited increased protein expression levels of cyto. C,
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c-Casp 9, c-Casp 3, and c-PARP in skeletal muscle tissues of
mice, which were consistent with the results of the TUNEL
staining assay. However, YFSJ can obviously reverse this
phenomenon caused by DDP. To sum up, YFSJ treatment
decreased oxidative stress, inhibited the activation of the
AMPK/mTOR pathway, decreased protein expression levels
of Beclin1 and other autophagy-related proteins, and at-
tenuated the activation of cyto. C, c-Casp 9, and other
apoptosis-related proteins in skeletal muscle tissues by DDP.
*ese results revealed that YFSJ might reduce skeletal
muscle apoptosis by alleviating oxidative stress-mediated
mitophagy for the inhibitory effect on CRF.

Previous studies proved that promoting ROS produc-
tion is the most critical pathway chemotherapy follows in
cancer elimination [80, 81]. By increasing ROS concen-
trations (which may be associated with some components
of YFSJ, such as Quercetin and Oleanolic acid [82, 83]),
patients have high overall survival and a good prognosis as
ROS overgeneration enhances DDP sensitivity and apo-
ptosis induction [84]. In tumor cells, increased ROS con-
tent activates the JNK/p53 pathway, increasing Bax
expression. Bax is a proapoptotic protein, and the increase
of Bax will activate Casp3, and C-Casp3 will further pro-
mote PARP cleavage, which will reduce the stability of
double-stranded DNA and eventually lead to apoptosis
[85]. Meanwhile, the activation of p53 promotes the ex-
pression of DAPK1 [86], which further promotes the ex-
pression of Beclin1 [87], a key autophagy factor, and
ultimately leads to autophagy in tumor cells. Similar results
were observed in our study; YFSJ enhanced DDP sensitivity
by promoting ROS and MDA production, decreasing the
SOD concentrations, and activating the cell apoptosis and
autophagy in the tumor tissues of mice. It was also found
that YFSJ reduced the loss of body weight caused by DDP,
ascended the serum levels of ALT, AST, and CREA, in-
creased the spleen index, and prolonged the survival time of
mice. In conclusion, YJSJ can specifically increase the ROS

content of tumor cells and increase chemotherapy sensi-
tivity. So, YFSJ can alleviate the hepatorenal toxicity and
immunosuppression caused by DDP. Our results showed
that YFSJ can inhibit tumor growth and improve the quality
of life of patients.

In this study, we found an interesting phenomenon:
YFSJ administration decreased the ROS concentrations in
the muscle tissue but increased them in the tumor tissue.
However, they were enhanced in whatever tissues after
DDP treatment. In the tumor microenvironment of cancer
cells, low to moderate levels of cellular ROS are produced to
regulate cell signaling and promote cell proliferation [88],
as one of the unique characteristics of cancer [89]. *e
persistent mild elevated level of ROS can provide metabolic
reprogramming to deal with the stress induced by cancer
therapies and even enhance tumor resistance [90]. How-
ever, unlike tumor tissue, skeletal muscle tissue typically
has good blood oxygen content and is prone to produce
excessive ROS under the cancer therapy’s stress [91]. In
addition to some of the components mentioned, as a
traditional Chinese medicinal formula based on the con-
cept of holism, YFSJ is often used to adjust the macroscopic
state of the human body not only to resolve the masses to
reduce the solid tumor but also tonify qi (vital energy) and
improve the blood circulation. *ese effects of YFSJ can
improve the nutritional status of the human body under
DDP chemotherapy. Studies have confirmed that poor
nutritional status can lead to excessive ROS production in
mitochondria and activate autophagy [92, 93]. On the other
hand, improving nutritional status may improve the body’s
ability to recognize tumors and break the relatively stable
tumor microenvironment. Based on these functions, we
assume that YFSJ might break the relatively stable hypoxic
microenvironment of tumor tissue and promote ROS
overgeneration to enhance DDP sensitivity. At the same
time, improved blood circulation could accelerate the
elimination of the excessive ROS produced by skeletal
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Figure 4: *e effects of YFSJ on xenografts in mice. (a) *e condition of the tumor: (i). *e volume of the tumor, n� 10; (ii) representative
image pictures of the tumor; (iii) weight of tumor in mice, n� 10. Indicators of oxidative stress in tumor tissues: (b) the relative con-
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levels of autophagy-related proteins. *e data are presented as the means± SD of triplicate experiments, n� 3, unless otherwise specified.
#p< 0.05, ##p< 0.01, ###p< 0.001 compared with the TC group. &&p< 0.01, &&&p< 0.001 compared with the DDP group.
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Figure 5: *e effects of YFSJ on the quality of life and survival time in mice. (a) Survival analysis: (i) survival curve in mice; (ii) Mouse
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Figure 6: Schematic illustration of the potential underlying mechanism responsible for reducing skeletal muscle injury by YFSJ.

Figure 7: Schematic illustration of the potential underlying mechanism responsible for inhibiting tumor growth by YFSJ.

Evidence-Based Complementary and Alternative Medicine 15



muscle cells due to stress. Further experiments will be
carried out on this hypothesis in the future. *is study was
conducted only in vivo experiments but not in vitro ver-
ification. We will carry out in vitro verification experiments
based on the results of this experiment in the future.

*e hypothetical mechanism by which YFSJ alleviates
CRF by reducing oxidative stress levels in skeletal muscle
cells is shown in Figure 6. *e hypothetical mechanism of
YFSJ inhibiting tumor growth by increasing the ROS content
of tumor cells to enhance chemotherapy sensitivity is shown
in Figure 7. In conclusion, YFSJ specifically regulates ROS
concentration in different tissues to reduce skeletal muscle
injury and inhibit tumor growth and is directly and closely
related to CRF treatment.

5. Conclusions

In this study, all results demonstrated that YFSJ could al-
leviate CRF by reducing mitophagy and apoptosis due to
reducing oxidative stress of skeletal muscle. *ese results
also displayed the effects of YFSJ on enhancing chemo-
therapy sensitivity, improving quality of life, and prolonging
survival time in lung cancer mice who received DDP
chemotherapy.

Data Availability

*e datasets used and/or analyzed during the current study
are available from the corresponding author upon reason-
able request.

Disclosure

Yingchao Wu and Dajin Pi are co-first authors.

Conflicts of Interest

*e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Yingchao Wu and Dajin Pi performed the experiments and
wrote the manuscript. Yiliu Chen and Qian Zuo conducted
the experiments and analyzed the data. Lizhu Lin provided
the YFSJ pills used in the study. Mingzi Ouyang designed the
study and provided the initial idea. All authors read and
approved the final manuscript. Yingchao Wu and Dajin Pi
contributed equally.

Acknowledgments

*emedical experiment center of Basic Medicine and Public
Health School of Jinan University supported this study. *is
work was supported by the National Natural Science
Foundation of China (Grant nos. 81873155 and 81403340),
which supported the design, analysis, and interpretation of
data in this study. *e Medical Scientific Research Foun-
dation of Guangdong Province of China (Grant no.

A2018006) and Project of Administration of Traditional
Chinese Medicine of Guangdong Province of China (Grant
no. 20191079) both provided the animals, medicine, and
other materials needed in the study.

Supplementary Materials

Supplementary Figure 1: (a) *e packaging and appearance
of the YFSJ pill. (b) Representative figures of herbs in YFSJ.
Supplementary Table 1: List of botanical, herbal, Chinese
names of the corresponding herbs in YFSJ. Supplementary
Figure 2: (a) Q-Orbitrap-LC/MS analysis base peak intensity
chromatograms of YFSJ in positive mode. (b) Q-Orbitrap-
LC/MS analysis base peak intensity chromatograms of YFSJ
in negative mode. Supplementary Table 2: Identification of
components of YFSJ by Q-Orbitrap-LC/MS analysis.
(Supplementary Materials)

References

[1] M. D. Hellmann, B. T. Li, J. E. Chaft, and M. G. Kris,
“Chemotherapy remains an essential element of personalized
care for persons with lung cancers,” Annals of Oncology,
vol. 27, no. 10, pp. 1829–1835, 2016.

[2] K. E. Rosenzweig and J. E. Gomez, “Concurrent chemo-
therapy and radiation therapy for inoperable locally advanced
non-small-cell lung cancer,” Journal of Clinical Oncology,
vol. 35, no. 1, pp. 6–10, 2017.

[3] P. Lv, S. Man, L. Xie, L. Ma, and W. Gao, “Pathogenesis and
therapeutic strategy in platinum resistance lung cancer,”
Biochimica et Biophysica Acta (BBA)—Reviews on Cancer,
vol. 1876, no. 1, Article ID 188577, 2021.

[4] H. S. Wu and J. K. Harden, “Symptom burden and quality of
life in survivorship: a review of the literature,”Cancer Nursing,
vol. 38, no. 1, pp. E29–E54, 2015.

[5] A. M. Berger, K. Mooney, A. Alvarez-Perez et al., “Cancer-
related fatigue, version 2.2015,” Journal of the National
Comprehensive Cancer Network, vol. 13, no. 8, pp. 1012–1039,
2015.

[6] A. Sobrero, F. Puglisi, A. Guglielmi et al., “Fatigue: a main
component of anemia symptomatology,” Seminars in On-
cology, vol. 28, pp. 15–18, 2001.

[7] J. E. Bower, “Cancer-related fatigue--mechanisms, risk fac-
tors, and treatments,” Nature Reviews Clinical Oncology,
vol. 11, no. 10, pp. 597–609, 2014.

[8] X. S. Wang and J. F. Woodruff, “Cancer-related and treat-
ment-related fatigue,” Gynecologic Oncology, vol. 136, no. 3,
pp. 446–452, 2015.

[9] Y. Zhou, H. Xu, W. Xu et al., “Exosomes released by human
umbilical cord mesenchymal stem cells protect against cis-
platin-induced renal oxidative stress and apoptosis in vivo
and in vitro,” Stem Cell Research &.erapy, vol. 4, no. 2, 2013.

[10] J. M. Argiles, F. J. Lopez-Soriano, and S. Busquets, “Muscle
wasting in cancer: the role of mitochondria,” Current Opinion
in Clinical Nutrition and Metabolic Care, vol. 18, no. 3,
pp. 221–225, 2015.

[11] B. G. Eid and N. A. El-Shitany, “Captopril downregulates
expression of Bax/cytochrome C/caspase-3 apoptotic path-
way, reduces inflammation, and oxidative stress in cisplatin-
induced acute hepatic injury,” Biomedicine & Pharmaco-
therapy, vol. 139, Article ID 111670, 2021.

[12] M. A. Ibrahim, I. A. Albahlol, F. A. Wani et al., “Resveratrol
protects against cisplatin-induced ovarian and uterine toxicity

16 Evidence-Based Complementary and Alternative Medicine

https://downloads.hindawi.com/journals/ecam/2022/2357616.f1.docx


in female rats by attenuating oxidative stress, inflammation
and apoptosis,” Chemico-Biological Interactions, vol. 338,
Article ID 109402, 2021.

[13] D. G. Deavall, E. A. Martin, J. M. Horner, and R. Roberts,
“Drug-induced oxidative stress and toxicity,” Journal of
Toxicology, vol. 2012, Article ID 645460, 13 pages, 2012.

[14] E. C. Neefjes, R. M. van den Hurk, S. Blauwhoff-Buskermolen
et al., “Muscle mass as a target to reduce fatigue in patients
with advanced cancer,” Journal of Cachexia, Sarcopenia and
Muscle, vol. 8, no. 4, pp. 623–629, 2017.

[15] J. Doherty and E. H. Baehrecke, “Life, death and autophagy,”
Nature Cell Biology, vol. 20, no. 10, pp. 1110–1117, 2018.

[16] S. Yang, S. Chu, Y. Gao et al., “A narrative review of cancer-
related fatigue (CRF) and its possible pathogenesis,” Cells,
vol. 8, no. 7, p. 738, 2019.

[17] B. N. Vanderveen, D. K. Fix, B. R. Counts, and J. A. Carson,
“*e effect of wheel exercise on functional indices of cachexia
in tumor-bearing mice,” Medicine & Science in Sports &
Exercise, vol. 52, no. 11, pp. 2320–2330, 2020.

[18] H. E. Wilson, D. A. Stanton, S. Rellick, W. Geldenhuys, and
E. E. Pistilli, “Breast cancer-associated skeletal muscle mi-
tochondrial dysfunction and lipid accumulation is reversed by
PPARG,” American Journal of Physiology—Cell Physiology,
vol. 320, no. 4, pp. C577–C590, 2021.

[19] E. Obrador, R. Salvador-Palmer, R. Lopez-Blanch, A. Jihad-
Jebbar, S. L. Valles, and J. M. Estrela, “*e link between
oxidative stress, redox status, bioenergetics and mitochondria
in the pathophysiology of ALS,” International Journal of
Molecular Sciences, vol. 22, no. 12, 2021.

[20] L. Galluzzi, O. Kepp, and G. Kroemer, “Mitochondria: master
regulators of danger signalling,” Nature Reviews Molecular
Cell Biology, vol. 13, no. 12, pp. 780–788, 2012.

[21] E. Marzetti, R. Calvani, M. Cesari et al., “Mitochondrial
dysfunction and sarcopenia of aging: from signaling pathways
to clinical trials,” .e International Journal of Biochemistry &
Cell Biology, vol. 45, no. 10, pp. 2288–2301, 2013.

[22] C. Klasson, M. Helde Frankling, C. Lundh Hagelin, and
L. Bjorkhem-Bergman, “Fatigue in cancer patients in pallia-
tive care-A review on pharmacological interventions,” Can-
cers, vol. 13, no. 5, 2021.

[23] D. Goldstein, B. K. Bennett, K. Webber et al., “Cancer-related
fatigue in women with breast cancer: outcomes of a 5-year
prospective cohort study,” Journal of Clinical Oncology,
vol. 30, no. 15, pp. 1805–1812, 2012.

[24] C. L. Rush, T. Lobo, A. Serrano, M. Blasini, C. Campos, and
K. D. Graves, “Complementary and alternative medicine use
and latina breast cancer survivors’ symptoms and function-
ing,” Healthcare, vol. 4, no. 4, p. 80, 2016.

[25] N. M. Wheeldon, “Chronic atrial fibrillation: optimizing
anticoagulation,” QJM, vol. 90, no. 10, pp. 609–611, 1997.

[26] Y. Fu and L. L. Ji, “Chronic ginseng consumption attenuates
age-associated oxidative stress in rats,” Journal of Nutrition,
vol. 133, no. 11, pp. 3603–3609, 2003.

[27] H. Zhao, Q. Zhang, L. Zhao, X. Huang, J. Wang, and X. Kang,
“Spore powder of Ganoderma lucidum improves cancer-re-
lated fatigue in breast cancer patients undergoing endocrine
therapy: a pilot clinical trial,” Evidence-based Complementary
and Alternative Medicine, vol. 2012, Article ID 809614,
8 pages, 2012.

[28] D. L. Barton, H. Liu, S. R. Dakhil et al., “Wisconsin Ginseng
(Panax quinquefolius) to improve cancer-related fatigue: a
randomized, double-blind trial, N07C2,” JNCI Journal of the
National Cancer Institute, vol. 105, no. 16, pp. 1230–1238,
2013.

[29] M. Z. Ouyang, L. Z. Lin, W. J. Lv et al., “Effects of the
polysaccharides extracted from Ganoderma lucidum on
chemotherapy-related fatigue in mice,” International Journal
of Biological Macromolecules, vol. 91, pp. 905–910, 2016.

[30] D. Li, J. W. Ren, T. Zhang et al., “Anti-fatigue effects of small-
molecule oligopeptides isolated from Panax quinquefolium
L. in mice,” Food & Function, vol. 9, no. 8, pp. 4266–4273,
2018.

[31] J. N. Hu, J. Y. Yang, S. Jiang et al., “Panax quinquefolium
saponins protect against cisplatin evoked intestinal injury via
ROS-mediated multiple mechanisms,” Phytomedicine, vol. 82,
Article ID 153446, 2021.

[32] A. Abulizi, L. Hu, A. Ma et al., “Ganoderic acid alleviates
chemotherapy-induced fatigue in mice bearing colon tumor,”
Acta Pharmacologica Sinica, vol. 42, no. 10, pp. 1703–1713,
2021.

[33] Y. Ye, J. Li, X. Cao, Y. Chen, C. Ye, and K. Chen, “Protective
effect of n-butyl alcohol extracts from Rhizoma Pinelliae
Pedatisectae against cerebral ischemia-reperfusion injury in
rats,” Journal of Ethnopharmacology, vol. 188, pp. 259–265,
2016.

[34] M. Hu, Y. Liu, L. He, X. Yuan, W. Peng, and C. Wu, “An-
tiepileptic effects of protein-rich extract from Bombyx
batryticatus on mice and its protective effects against H2O2-
induced oxidative damage in PC12 cells via regulating PI3K/
akt signaling pathways,” Oxidative Medicine and Cellular
Longevity, vol. 2019, Article ID 7897584, 13 pages, 2019.

[35] Y. Chen, X. Zhu, K. Wang, W. Zou, and F. Zhou, “Tubei-
moside II inhibits TGF-β1-induced metastatic progression of
human retinoblastoma cells through suppressing redox-
osome-dependent EGFR activation,” Chemico-Biological In-
teractions, vol. 335, Article ID 109367, 2021.

[36] Y. L. Wei, S. M. Wang, Q. O. Liu, and Y. Luo, “Study on the
mechanism of Yiqi chutan recipe in the treatment of lung
cancer with splenasthenic syndrome,” Zhong Yao Cai, vol. 39,
no. 9, pp. 2097–2101, 2016.

[37] Z. Daihan, L. Lizhu, T. Huaqin et al., “Effect on the survival of
elderly patients with non—small cell lung cancer treated by
the tradiotional Chinese medicine treatment based on Yiqi
Huatan method : a multicenter, clinically prospective cohort
study,” World Chinese Medicine, vol. 9, pp. 833–838, 2014.

[38] L. Wenjiao, O. Mingzi, L. Lizhu, and Z. Jingxu, “Effects of Yiqi
chutan decoction on chemotherapy-related fatigue of patients
with non-small cell lung cancer,” Guiding Journal of Tradi-
tional Chinese Medicine and Pharmacy, vol. 21, no. 10,
pp. 31–34, 2015.

[39] G. Jieshan, O. Mingzi, X. Zhiwei, L. Lizhu, and Z. Kexue,
“Effects of Yiqi chutan decoction on chemotherapy-related
fatigue,” Liaoning Journal of Traditional Chinese Medicine,
vol. 496, no. 6, pp. 1211–1213, 2016.

[40] A. H. El-Far, M. A. Lebda, A. E. Noreldin et al., “Quercetin
attenuates pancreatic and renal D-galactose-induced aging-
related oxidative alterations in rats,” International Journal of
Molecular Sciences, vol. 21, no. 12, 2020.

[41] A. E. Noreldin, M. S. Gewaily, I. M. Saadeldin,
M. M. Abomughaid, A. F. Khafaga, and Y. H. Elewa, “Os-
teoblast-activating peptide exhibits a specific distribution
pattern in mouse ovary and may regulate ovarian steroids and
local calcium levels,” American Journal of Tourism Research,
vol. 13, no. 6, pp. 5796–5814, 2021.

[42] L. M. Buffart, I. C. De Backer, G. Schep, A. Vreugdenhil,
J. Brug, and M. J. Chinapaw, “Fatigue mediates the rela-
tionship between physical fitness and quality of life in cancer

Evidence-Based Complementary and Alternative Medicine 17



survivors,” Journal of Science and Medicine in Sport, vol. 16,
no. 2, pp. 99–104, 2013.

[43] S. Wang, X. Yang, W. Wang et al., “Interpretation of the
absorbed constituents and pharmacological effect of Spica
Schizonepetae extract on non-small cell lung cancer,” PLoS
One, vol. 16, no. 3, Article ID e0248700, 2021.

[44] W. C. Huang, Y. J. Hsu, L. Wei, Y. J. Chen, and C. C. Huang,
“Association of physical performance and biochemical profile
of mice with intrinsic endurance swimming,” International
Journal of Medical Sciences, vol. 13, no. 12, pp. 892–901, 2016.

[45] M. M. van Gaalen and T. Steckler, “Behavioural analysis of
four mouse strains in an anxiety test battery,” Behavioural
Brain Research, vol. 115, no. 1, pp. 95–106, 2000.

[46] J. Podhorna and R. E. Brown, “Strain differences in activity and
emotionality do not account for differences in learning and
memory performance between C57BL/6 and DBA/2 mice,”
Genes, Brain and Behavior, vol. 1, no. 2, pp. 96–110, 2002.

[47] V. Kazlauckas, J. Schuh, O. P. Dall’Igna, G. S. Pereira,
C. D. Bonan, and D. R. Lara, “Behavioral and cognitive profile
of mice with high and low exploratory phenotypes,” Behav-
ioural Brain Research, vol. 162, no. 2, pp. 272–278, 2005.

[48] S. Spazzapan, A. Bearz, and U. Tirelli, “Fatigue in cancer
patients receiving chemotherapy: an analysis of published
studies,” Annals of Oncology, vol. 15, no. 10, p. 1576, 2004.

[49] P. Nieboer, C. Buijs, S. Rodenhuis et al., “Fatigue and relating
factors in high-risk breast cancer patients treated with adjuvant
standard or high-dose chemotherapy: a longitudinal study,”
Journal of Clinical Oncology, vol. 23, no. 33, pp. 8296–8304, 2005.

[50] Z. Daihan, L. Lizhu, Z. Yiqiang et al., “*e role of TCM
method for invigorating qi and removing the phlegm in
prolongating median survival time in the patient with non-
small cell lung cancer,” Journal of Traditional Chinese Med-
icine, vol. 46, no. 8, pp. 8296–8304, 2005.

[51] S. K. Powers and M. J. Jackson, “Exercise-induced oxidative
stress: cellular mechanisms and impact on muscle force
production,” Physiological Reviews, vol. 88, no. 4,
pp. 1243–1276, 2008.

[52] G. S. Supinski and L. A. Callahan, “Free radical-mediated
skeletal muscle dysfunction in inflammatory conditions,”
Journal of Applied Physiology, vol. 102, no. 5, pp. 2056–2063,
1985.

[53] Y. Chen, P. Jungsuwadee, M. Vore, D. A. Butterfield, and
D. K. St Clair, “Collateral damage in cancer chemotherapy:
oxidative stress in nontargeted tissues,” Molecular Interven-
tions, vol. 7, no. 3, pp. 147–156, 2007.

[54] L. Muinelo-Romay, L. Alonso-Alconada, M. Alonso-Nocelo,
J. Barbazan, and M. Abal, “Tumor invasion and oxidative
stress: biomarkers and therapeutic strategies,” Current Mo-
lecular Medicine, vol. 12, no. 6, pp. 746–762, 2012.

[55] S. H. Akbas, M. Timur, and T. Ozben, “*e effect of Quercetin
on topotecan cytotoxicity in MCF-7 and MDA-MB 231 hu-
man breast cancer Cells1,” Journal of Surgical Research,
vol. 125, no. 1, pp. 49–55, 2005.

[56] H. E. Mohamed, M. E. Asker, S. I. Ali, and T. M. Abd El
Fattah, “Protection against doxorubicin cardiomyopathy in
rats: role of phosphodiesterase inhibitors type 4,” Journal of
Pharmacy and Pharmacology, vol. 56, no. 6, pp. 757–768,
2010.

[57] P. Srivastava, M. Sahu, S. Khanna, and H. D. Khanna,
“Evaluation of oxidative stress status following polyherbal
formulation therapy in patients of cholelithiasis with chol-
edocholithiasis,” Ancient Science of Life, vol. 24, no. 3,
pp. 143–151, 2005.

[58] Y. Cigremis, H. Turel, K. Adiguzel et al., “*e effects of acute
acetaminophen toxicity on hepatic mRNA expression of SOD,
CAT, GSH-Px, and levels of peroxynitrite, nitric oxide, re-
duced glutathione, and malondialdehyde in rabbit,” Molec-
ular and Cellular Biochemistry, vol. 323, pp. 31–38, 2009.

[59] M. J. Bak, W. S. Jeong, and K. B. Kim, “Detoxifying effect of
fermented black ginseng on H2O2-induced oxidative stress in
HepG2 cells,” International Journal of Molecular Medicine,
vol. 34, no. 6, pp. 1516–1522, 2014.

[60] L. Poillet-Perez, G. Despouy, R. Delage-Mourroux, and
M. Boyer-Guittaut, “Interplay between ROS and autophagy in
cancer cells, from tumor initiation to cancer therapy,” Redox
Biology, vol. 4, pp. 184–192, 2015.

[61] Y. J. Jiang, S. J. Sun, W. X. Cao et al., “Excessive ROS pro-
duction and enhanced autophagy contribute to myocardial
injury induced by branched-chain amino acids: roles for the
AMPK-ULK1 signaling pathway and alpha 7nAChR,” Bio-
chimica et Biophysica Acta, Molecular Basis of Disease,
vol. 1867, no. 1, Article ID 165980, 2021.

[62] J. An, L. Zhou, H. Pang, X. Luo, P. Sun, and J. Song, “Role of
AMP -activated protein kinase signal path in cell autophagy
activation at early brain injury in rats after subarachnoid
hemorrhage,” Chinese Journal of Neuromedicine, vol. 14,
no. 11, pp. 1095–1099, 2015.

[63] G. Liu, S. Mao, M. He, T. Ma, and L. Tang, “Experiment
research of curcumin induced autophagy in human medul-
loblastoma Daoy cell,” Jounral of Chongqing Medical Uni-
versity, vol. 39, no. 3, pp. 332–336, 2014.

[64] C. Reidick, F. El Magraoui, H. E. Meyer, H. Stenmark, and
H.W. Platta, “Regulation of the tumor-suppressor function of
the Class III phosphatidylinositol 3-kinase complex by
ubiquitin and SUMO,” Cancers, vol. 7, no. 1, pp. 1–29, 2014.

[65] X. Yu, Y. C. Long, and H. M. Shen, “Differential regulatory
functions of three classes of phosphatidylinositol and phos-
phoinositide 3-kinases in autophagy,” Autophagy, vol. 11,
no. 10, pp. 1711–1728, 2015.

[66] F. Boutouja, R. Brinkmeier, T. Mastalski, F. El Magraoui, and
H. W. Platta, “Regulation of the tumor-suppressor BECLIN 1
by distinct ubiquitination cascades,” International Journal of
Molecular Sciences, vol. 18, no. 12, p. 2541, 2017.

[67] H. Cawthon, R. Chakraborty, J. R. Roberts, and S. K. Backues,
“Control of autophagosome size and number by Atg7,”
Biochemical and Biophysical Research Communications,
vol. 503, no. 2, pp. 651–656, 2018.

[68] Y. Zhou, Z. Wang, Y. Huang et al., “Membrane dynamics of
ATG4B and LC3 in autophagosome formation,” Journal of
Molecular Cell Biology, vol. 13, no. 12, pp. 853–863, 2022.

[69] E. Shvets, A. Abada, H. Weidberg, and Z. Elazar, “Dissecting
the involvement of LC3B and GATE-16 in p62 recruitment
into autophagosomes,” Autophagy, vol. 7, no. 7, pp. 683–688,
2011.

[70] Y. Wei, J. Ren, Z. Luan, and Y. Wang, “Effects of various
autophagy modulators on the expression of autophagic
markers LC3II and p62,” Journal of China Pharmaceutical
University, vol. 49, no. 3, pp. 341–347, 2018.

[71] C. De Palma, F. Morisi, S. Cheli et al., “Autophagy as a new
therapeutic target in Duchenne muscular dystrophy,” Cell
Death & Disease, vol. 3, no. 11, 2012.

[72] A. J. Kowaltowski and A. E. Vercesi, “Mitochondrial damage
induced by conditions of oxidative stress,” Free Radical Bi-
ology and Medicine, vol. 26, pp. 463–471, 1999.

[73] S. B. Bratton and G. S. Salvesen, “Regulation of the apaf-1-
caspase-9 apoptosome,” Journal of Cell Science, vol. 123,
no. 19, pp. 3209–3214, 2010.

18 Evidence-Based Complementary and Alternative Medicine



[74] Y. Maejima, M. Isobe, and J. Sadoshima, “Regulation of
autophagy by Beclin 1 in the heart,” Journal of Molecular and
Cellular Cardiology, vol. 95, pp. 19–25, 2016.

[75] W. Yu, J. Liao, F. Yang et al., “Chronic tribasic copper chloride
exposure induces rat liver damage by disrupting the
mitophagy and apoptosis pathways,” Ecotoxicology and En-
vironmental Safety, vol. 212, Article ID 111968, 2021.

[76] O. R. Metawea, M. A. Abdelmoneem, N. S. Haiba et al., “A
novel “smart” PNIPAM-based copolymer for breast cancer
targeted therapy: synthesis, and characterization of dual pH/
temperature-responsive lactoferrin-targeted PNIPAM-co-
AA,” Colloids and Surfaces B: Biointerfaces, vol. 202, Article
ID 111694, 2021.

[77] A. H. El-Far, K. Godugu, A. E. Noreldin et al., “*ymoqui-
none and costunolide induce apoptosis of both proliferative
and doxorubicin-induced-senescent colon and breast cancer
cells,” Integrative Cancer .erapies, vol. 20, Article ID
153473542110354, 2021.

[78] J. Estaquier, F. Vallette, J. L. Vayssiere, and B. Mignotte, “*e
mitochondrial pathways of apoptosis,” Advances in Experi-
mental Medicine and Biology, vol. 942, pp. 157–183, 2012.

[79] X. Chen and M. Fang, “Oxidative stress mediated mito-
chondrial damage plays roles in pathogenesis of diabetic
nephropathy rat,” European Review for Medical and Phar-
macological Sciences, vol. 22, no. 16, pp. 5248–5254, 2018.

[80] W.Wang, X. Dong, Y. Liu et al., “Itraconazole exerts anti-liver
cancer potential through the Wnt, PI3K/AKT/mTOR, and
ROS pathways,” Biomedicine & Pharmacotherapy, vol. 131,
Article ID 110661, 2020.

[81] Y. Wu, D. Pi, Y. Chen, Q. Zuo, S. Zhou, and M. Ouyang,
“Ginsenoside Rh4 inhibits colorectal cancer cell proliferation
by inducing ferroptosis via autophagy activation,” Evidence-
based Complementary and Alternative Medicine, vol. 2022,
Article ID 6177553, 19 pages, 2022.

[82] L. Gibellini, M. Pinti, M. Nasi et al., “Interfering with ROS
metabolism in cancer cells: the potential role of Quercetin,”
Cancers, vol. 2, no. 2, pp. 1288–1311, 2010.

[83] Y. Yang, L. Liu, and Y. Shang, “*e role of ROS on the ap-
optosis of HL-60 cells induced by oleanolic acid,” Chinese
Journal of Gerontology, vol. 31, no. 11, pp. 1997–1999, 2011.

[84] C. Sun, E. Guo, B. Zhou et al., “A reactive oxygen species
scoring system predicts cisplatin sensitivity and prognosis in
ovarian cancer patients,” BMC Cancer, vol. 19, no. 1, p. 1061,
2019.

[85] Q. Wu, J. Deng, D. Fan et al., “Ginsenoside Rh4 induces
apoptosis and autophagic cell death through activation of the
ROS/JNK/p53 pathway in colorectal cancer cells,” Biochem-
ical Pharmacology, vol. 148, pp. 64–74, 2018.

[86] A. Martoriati, G. Doumont, M. Alcalay, E. Bellefroid,
P. G. Pelicci, and J. C. Marine, “dapk1, encoding an activator
of a p19ARF-p53-mediated apoptotic checkpoint, is a tran-
scription target of p53,” Oncogene, vol. 24, no. 8,
pp. 1461–1466, 2005.

[87] Z. Wang, X. Wang, F. Cheng et al., “Rapamycin inhibits
glioma cells growth and promotes autophagy by miR-26a-5p/
DAPK1 Axis,” Cancer Management and Research, vol. 13,
pp. 2691–2700, 2021.

[88] B. Kalyanaraman, G. Cheng, M. Hardy, O. Ouari, B. Bennett,
and J. Zielonka, “Teaching the basics of reactive oxygen
species and their relevance to cancer biology: mitochondrial
reactive oxygen species detection, redox signaling, and tar-
geted therapies,” Redox Biology, vol. 15, pp. 347–362, 2018.

[89] V. Aggarwal, H. S. Tuli, A. Varol et al., “Role of reactive
oxygen species in cancer progression: molecular mechanisms
and recent advancements,” Biomolecules, vol. 9, no. 11, 2019.

[90] S. Mirzaei, K. Hushmandi, A. Zabolian et al., “Elucidating role
of reactive oxygen species (ROS) in cisplatin chemotherapy: a
focus on molecular pathways and possible therapeutic
strategies,” Molecules, vol. 26, no. 8, p. 2382, 2021.

[91] L. A. Gilliam, K. H. Fisher-Wellman, C. T. Lin, J. M. Maples,
B. L. Cathey, and P. D. Neufer, “*e anticancer agent
doxorubicin disrupts mitochondrial energy metabolism and
redox balance in skeletal muscle,” Free Radical Biology and
Medicine, vol. 65, pp. 988–996, 2013.

[92] D. H. Kang, “Oxidative stress, DNA damage, and breast
cancer,” AACN Clinical Issues: Advanced Practice in Acute
and Critical Care, vol. 13, no. 4, pp. 540–549, 2002.

[93] C. S. Opuwari and R. R. Henkel, “An update on oxidative
damage to spermatozoa and oocytes,” BioMed Research In-
ternational, vol. 2016, Article ID 9540142, 11 pages, 2016.

Evidence-Based Complementary and Alternative Medicine 19


