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Objective. )e side effects of chemotherapy as a treatment of liver cancer cannot be ignored. Grain-sized moxibustion, a
characteristic external therapy, has been shown to reduce the toxic and side effects of chemotherapy and regulate the immune
function. )e purpose of this study was to explore the synergistic antitumor activity of grain-sized moxibustion combined with
cyclophosphamide (CTX). Methods. A hepatoma 1–6 (Hepa1-6)-bearing mouse model was established by injecting mice with
Hepa1-6 cancer cells. CTX and grain-sized moxibustion on Dazhui (DU14), Zusanli (ST36), and Sanyinjiao (SP6) were used for
treatment, and mouse survival status, body weight, and tumor growth, weight, and volume were measured. White blood cells
(WBCs) and bone marrow nucleated cells (BMNCs) were quantified. )e spleens and livers of Hepa1-6-bearing mice were
pathologically examined and scored. Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were
measured with enzyme-linked immunosorbent assay (ELISA) kits, and protein and mRNA expression levels of Ki67 and
proliferating cell nuclear antigen (PCNA) in tumor tissues were measured with immunohistochemistry and real-time quantitative
polymerase chain reaction (RT-qPCR) techniques. Results. Both grain-sized moxibustion and CTX could restrain the growth of
Hepa1-6 tumors, reducing both tumor volume and weight; the combined treatment had a greater effect. Grain-sized moxibustion
down-regulated the expression of proliferation genes Ki67 and PCNA, weakened the proliferation ability of Hepa1-6 tumor cells,
inhibited tumor growth, and enhanced the antitumor effect of CTX. In addition, grain-sized moxibustion significantly improved
the signs of CTX-induced toxicity (including weight loss, leukopenia, bone marrow suppression, and hepatotoxicity), down-
regulated serum ASTand ALT levels, reduced spleen and liver inflammation, and improved liver and spleen indices. Conclusion.
Grain-sized moxibustion can synergize with CTX to enhance the antitumor effect of CTX and alleviate its toxic and side effects. It
may be a promising adjuvant therapy to chemotherapy.

1. Introduction

Hepatocellular carcinoma is one of the most common
malignant tumors worldwide, with rapid progression and
high mortality [1, 2]. In the clinic, chemotherapy is still an
important treatment for inoperable liver cancer or post-
operative recurrence of liver cancer [3, 4]. Cyclophospha-
mide (CTX), as an alkylating agent that selectively targets
tumor cells, is significant in the treatment of malignant
tumors through releasing nitrogen from phosphoramidase
to inhibit liver cancer [5].

Although CTX inhibits tumor cells, it also causes certain
damage to normal cells. One example of this damage is the
inhibition of myeloid cell differentiation, resulting in de-
creased blood cells, damage to immune cells, and a decrease in
body immune resistance [6–8].)erefore, chemotherapy is of
vital importance to treat malignant tumors, but its side effects
are still a medical problem. It is necessary to find new che-
motherapy adjuvant therapies or drugs that reduce toxicity
and enhance antitumor activity to achieve better efficacy.

Grain-sized moxibustion, a characteristic external
therapy, can directly stimulate specific acupoints to treat
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diseases through the photothermal stimulation of specific
acupoints in a short period of time. It plays the roles of
dredging the meridians, regulating qi and blood, strength-
ening the body, and eliminating the pathogens [9, 10]. In
terms of adjuvant chemotherapy in the treatment of ma-
lignant tumors, reports on moxibustion can be traced back
to the 1970s. For example, many clinical studies have shown
that moxibustion can treat leukopenia [11]. Subsequently,
we carried out the screening of moxibustion and acupoint
prescriptions and conducted relevant basic experimental
research [12]. Based on the above, this study aimed to de-
termine whether grain-sized moxibustion can reduce the
toxic and side effects of CTX and explored whether it can
synergistically inhibit the liver cancer.

)us, this study investigated the effect of grain-sized
moxibustion alone or in combination with CTX on the
hepatoma 1–6 (Hepa1-6)-bearing mouse model to evaluate
the antitumor activity of grain-sized moxibustion in vivo in
an effort to identify potential clinical treatment options.

2. Materials and Methods

2.1. Animals. Forty healthy and clean C57BL/6J male mice
(4–6 weeks old, body weight 16–18 g, n� 40) were purchased
from Beijing Vital River Laboratory Animal Technology Co.,
Ltd. (Beijing, China) (Animal laboratory license number:
SCXK Beijing 2016–0006).

All the mice were raised in the Key Laboratory of the
First Affiliated Hospital of Zhengzhou University, with a
light-dark cycle of 12/12 hours, an ambient temperature of
22–25°C, a humidity of 45± 10%, and free feeding and
drinking. In addition, all operations on mice were autho-
rized according to ethical regulations and the Animal Care
Ethics Committee of Shanxi University of Chinese Medicine
(License number: 2019DW233).

2.2. Cell Culture. Hepa1-6 cells were obtained from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China)
and cultured in Dulbecco’s modified Eagle medium
(DMEM; Gibco, USA) containing 10% fetal bovine serum
(FBS; Gibco, USA) and 1% penicillin/streptomycin (Gibco,
USA) at 37 °C in a 5% CO2 humid environment.

After the frozen Hepa1-6 cells were removed from liquid
nitrogen, they were continuously shaken in a 37°C water
bath to promote their thawing. )ey were next moved into a
15mL centrifuge tube and 10mL preheated complete
DMEMmediumwas added.)e cells were gently blown into
a suspension and centrifuged at 2000 rpm for 2minutes and
the supernatant was discarded. Ten milliliters DMEM were
added to wash the pellet and the supernatant was discarded.
Ten milliliters complete DMEM were added to the cells,
which were gently blown into a suspension and cultured in a
5% CO2 cell incubator. When the cell density of Hepa1-6
cells reached 80–90%, the medium was removed and the
cells were washed twice with 10mL phosphate-buffered
saline (PBS). )ree milliliters trypsin containing 0.25%
ethylenediaminetetraacetic acid (EDTA) was added to the
cell culture flask for 3minutes. One milliliter complete

DMEM was added to stop trypsin digestion and the cells
were transferred to a 15mL centrifuge tube. Ten milliliters
complete DMEM were added to a clean cell culture plate.
)e cells transferred to the 15mL centrifuge tube were
centrifuged at 2000 rpm for 2minutes and the supernatant
was discarded. Ten milliliters PBS were added to create the
cell suspension and 10 μl of the suspension was removed for
counting cells using the cell counting plate. )e cells were
plated according to 3×106 cells/mL inoculation.

2.3. Model Establishment and Treatment. After a week of
adaptation, all mice were randomly divided into four groups
(n� 10 each), which included the control group (C), grain-
sized moxibustion group (G), CTX group (T), and grain-
sized moxibustion plus CTX group (GT). )e density of the
Hepa1-6 tumor cells was adjusted to 3×106 cells/mL [13],
and 0.2mL was extracted and inoculated subcutaneously
into right armpit of C57BL/6 mice to establish the Hepa1-6-
bearing mouse model [14]. As seen in in Figure 1(a), five
days after injection tumors were palpable (approximately
50mm3 in size). Hepa1-6-bearing mice in the T and the GT
groups were administered CTX (Baxter Oncology GmbH,
Germany, Approval number: 9L353A) at 30mg/kg by in-
traperitoneal injection on the 6th, 7th, and 8th day [15],
whereas mice in the C group were administered an equiv-
alent volume (0.2mL) 0.9% sodium chloride by intraperi-
toneal injection [16]. From day 6 to day 15, mice in the G and
GT groups were treated with grain-sized moxibustion upon
three chosen acupoints (Figure 1(a)): Dazhui (DU14, uni-
lateral), Zusanli (ST36, bilateral), and Sanyinjiao (SP6, bi-
lateral). Five moxa cones were placed at each acupoint once a
day (the G and the GT groups were treated with grain-sized
moxibustion at the same time every day). )e size and
operation methods of the grain-sized moxibustion were as
follows [17–19]: after the mice were immobilized, the
moxibustion acupoints were depilated. )e moxa velvet
(Nanyang Kangaiduo Wormwood Products Co., Ltd.
Nanyang, Henan, China) was made into a moxa cone the
size of a grain of wheat (about 0.5 g/grain), which was placed
to burn on the acupoint where the petroleum jelly (Vaseline,
Unilever, London, United Kingdom) was applied. When the
moxa cone burned to 3/4, the remaining moxa cone was
quickly removed with tweezers. )e next one was then lit.

On day 16, mice in each group were weighed and
anesthetized with ether, and blood samples were drawn from
the medial canthus of eachmouse. After mice were sacrificed
with cervical dislocation, the tumor, spleen, and liver tissues
were collected under sterile conditions. )e residual blood
was then removed with filter paper and accurately weighed.
)e visceral index, tumor volume, and tumor inhibition rate
were calculated. )e formulas were as follows: visceral
index� organ weight/body weight, tumor volume
(mm3)� (length×width2)/2 [20], and tumor inhibition rate
(%)� (average tumor mass in the control group−average
tumor mass in the treatment group)/average tumor mass of
the control group× 100% [21].

)e body weights of mice in each group were measured
at 9:00 a.m. on days 3, 6, 9, 12, and 15 of the experiment. )e
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survival status of each mouse was observed and scored.
Survival status scores are shown in Table S1 [22].

2.4. Biochemical and Hematological Analysis. On the 3rd,
6th, 9th, 12th, and 15th days of the experiment, the tail
vein blood of each tumor-bearing mouse was drawn to
observe the changes in the number of white blood cells
(WBCs). After treatment, blood was collected from the
intraocular canthus of the Hepa1-6-bearing mice and put
into an EDTA anticoagulation tube. Serum alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels of Hepa1-6-bearing mice in each group were
determined by enzyme-linked immunosorbent assay
(ELISA) kits (AST 13320-1-AP, ALT 16757-1-AP; Pro-
teintech, USA). In addition, the right femurs of Hepa1-6-
bearing mice in each group were taken, and the bone
marrow cavity of each femur was repeatedly washed with
PBS buffer until it turned white. )e bone marrow cell
suspension was resuspended, and the number of bone
marrow nucleated cells (BMNCs) was counted using a
light microscope (CX33; Olympus, Tokyo, Japan) after
lysis of the red blood cells.

2.5. Histological Analysis. Formalin-fixed spleen and liver
tissues were dehydrated in graded ethanol solutions,
transparent in xylene, immersed in paraffin, and then em-
bedded in conventional paraffin to make wax blocks. )e
tissue wax blocks were cut into tissue slices 3–5 μm thick and
then adhered to the tissue sections. )ey were dewaxed in
xylene, rehydrated in gradient alcohol, immersed in he-
matoxylin (H) for 3minutes, differentiated, returned to blue,
and washed with pure water. Eosin (E) was added dropwise
for 20 s; the tissue was washed with pure water, dehydrated
with graded ethanol solutions, cleared in xylene for
10minutes, and sealed with neutral gum. Pathological
changes were observed using a light microscope (CX33;
Olympus, Tokyo, Japan). )e pathology scores are as shown
in Tables S2 and S3 [23, 24].

2.6. Immunohistochemistry to Detect Ki67 and PCNA Protein
Expression. )e tumor tissues were fixed with 4% para-
formaldehyde and then made into paraffin blocks. Subse-
quently, the tissue wax block was cut into tissue sections with
a thickness of about 5 μm, dewaxed, and rehydrated with
pure water for washing. Sodium citrate (pH 6.0) was used for
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Figure 1: Schematic diagram of the experimental procedure and mouse acupoints. (a) Flowchart of experimental interventions. a. Cy-
clophosphamide (CTX), (b) Grain-sized moxibustion, c. Body weight, state score of survival, tumor volume, white blood cell (WBC). )e
Hepa1-6-bearing mice in the T and GT groups were treated with CTX on days 6, 7, and 8. )e tumor-bearing mice in the G and the GT
groups were treated with moxibustion on days 6–15 (once a day). )e tumor volume, state of survival, andWBCs were measured on days 3,
6, 9, 12, and 15, and mice were sacrificed on day 16 for tissue collection. b. )e location of acupoints (Dazhui DU14, Zusanli ST36, and
Sanyinjiao SP6, red arrow) in Hepa1-6-bearing mice. c. Control group; g. grain-sized moxibustion group; T: CTX group, GT: grain-sized
moxibustion plus CTX group.
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microwave antigen retrieval at 98°C. )e sections were then
cooled down to room temperature, incubated in 3% hy-
drogen peroxide solution for 10minutes, and blocked with
3% bovine serum albumin (BSA) for 50minutes. )e tumor
tissue sections were individually incubated with 50 μL pri-
mary antibodies (1 : 500 anti-Ki67 antibodies, 1 :1,000 anti-
PCNA antibodies; Wuhan Servicebio Biotechnology Co.,
Ltd. Wuhan, China) overnight at 4°C. )e next day the
tumor tissue sections were incubated with 50 μL HRP-la-
beled secondary antibody (goat anti-rabbit IgG, 1 : 200;
Wuhan Servicebio Biotechnology Co., Ltd. Wuhan, China)
for 50minutes at room temperature, washed with PBS three
times for 10min each, and subsequently incubated with
diaminobenzidine for color development. After the nuclei
were stained with hematoxylin, the sections were dehy-
drated, cleared, and mounted with neutral gum. Immuno-
histochemistry of the tumor tissues was observed using a
light microscope (CX33; Olympus, Tokyo, Japan). Images
were captured using a microscope, and PCNA and Ki67
expression were evaluated by counting the number of
positive cells from three randomly selected fields in the
residual viable tumor tissue among the necrotic areas using a
light microscope at magnifications of 200× and 400×. Digital
images were then analyzed with Image J to evaluate the
percentage of positive area for all antibodies used in the
immunohistochemistry analyses [25, 26].

2.7. Real-Time Quantitative Polymerase Chain Reaction (RT-
qPCR) toDetectKi67andPCNAmRNAExpression. After the
tumor tissues were fully crushed, the total RNA of tumor
tissue was extracted with a Trizol kit (Wuhan Servicebio
Biotechnology Co., Ltd. Wuhan, China), and its concen-
tration and purity were detected with a UV-Vis spectro-
photometer (ES-2, Malcom, Tokyo, Japan). )e reverse
transcription kit synthesized cDNA from the RNA. Primer
design and synthesis were completed by Shanghai Bioen-
gineering Co., Ltd. Total mRNA was used as a template for
reverse transcription into cDNA for real-time fluorescence
quantitative PCR amplification in a 20 μL system. )e re-
action system was as follows: 1 μL qPCR primer, 1 μL cDNA
product, and 10 μL SYBR Green qPCR Master Mix (2×).
Amplification conditions: pre-denaturation 95°C for 10min
followed by 40 cycles of 95°C for 15 s and 60°C for 60 s. )e
melting curve is completed at 60°C for 95°C, and the tem-
perature was increased by 0.3°C every 15 s. Glyceraldehyde-
3-phosphate dehydrogenase was used as an endogenous
reference, and the 2−ΔΔCt method was used to analyze and
calculate the relative expression of the target gene. )e
primer sequences are shown in Table S4.

2.8. Statistical Analysis. All data were entered into SPSS 25.0
software (IBM SPSS Inc., Chicago, IL, USA) for analytical
processing and testing for homogeneity of variance and
normality. All data were expressed as mean± SD. P< 0.05
was considered statistically significant. One-way analysis of
variance was used for eligible groups of three or more. If the
variances were unequal, Dunnett’s T3 method was used. If

the data did not conform to a non-normal distribution, the
nonparametric Kruskal–Wallis test was used.

3. Results

3.1. =e Effect of Grain-Sized Moxibustion Combined with
CTX onTumorGrowth inHepa1-6-BearingMice. To observe
whether grain-sized moxibustion can heighten the antitu-
mor effect of CTX, we evaluated changes in body weight,
survival status, and tumor growth curves in Hepa1-6 bearing
mice treated with grain-sized moxibustion, CTX, and grain-
sized moxibustion combined with CTX. As shown in
Figure 2(a) and 2(b), the survival status of Hepa1-6-bearing
mice in each group was higher before the intervention; the
difference was not statistically significant. However, survival
status of the Hepa1-6-bearing mice in the T and GT groups
deteriorated significantly on the 9th day compared with that
of the C group (P< 0.01 and P< 0.05, respectively).)e body
weight of the Hepa1-6-bearing mice in the T group was also
greatly reduced (P< 0.01), which may be due to the toxicity
of CTX. On day 12, the Hepa1-6-bearing mice in group C
had a slow weight gain and poor survival status, which may
be due to cachexia. Compared with the C group, the body
weight of Hepa1-6-bearing mice in the G group was sig-
nificantly higher (P< 0.01) and the survival status was
improved, whereas the weight of Hepa1-6-bearing mice in
the T and GT groups was significantly lower (P< 0.001 and
P< 0.01, respectively). Compared with the T group, survival
status of the Hepa1-6-bearing mice in the GT group was
significantly higher (P< 0.05). On the 15th day, the weight of
Hepa1-6-bearing mice in the G group was significantly
higher compared with the C group (P< 0.001). )e survival
status was significantly improved (P< 0.05), whereas the
weight of Hepa1-6-bearing mice in the Tand GTgroups was
significantly lower (P< 0.001 and P< 0.05, respectively),
especially in the Tgroup. )e survival status of the Hepa1-6-
bearing mice was significantly lower compared to C group
(P< 0.001). Compared with the T group, the weight of the
Hepa1-6-bearing mice in the GT group was significantly
higher (P< 0.01) and the survival status also significantly
improved (P< 0.001). In addition, the difference in tumor
volume of the Hepa1-6-bearing mice in each group (5 days
after tumor cell transplantation) was not statistically sig-
nificant. As shown in Figure 2(c), on day 12 (1 week after
intervention, 2 weeks after tumor cell transplantation),
compared with group C, the tumor volume of Hepa1-6
tumor-bearing mice in group T and GT decreased signifi-
cantly (P< 0.01 and P< 0.001, respectively). On the 15th
day, the tumor volume of the Hepa1-6-bearing mice in the G
group was lower than that in the C group, but the difference
was not statistically significant. )e tumor volume of the
Hepa1-6-bearing mice in the Tgroup and the GTgroup was
significantly lower than that in the C group (both P< 0.001).
It is worth noting that Hepa1-6-bearing mice in the GT
group experienced a stronger inhibitory effect on the tumor
growth than did the T group, and the tumor volume was
significantly lower than that in the C group (P< 0.05).
Similar results were observed in images of tumors and tumor
weights of mice on day 16 (Figures 2(d) and 2(e)). In
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addition, the tumor inhibition rate in group G was 23.9%, in
group T was 45.9%, and in group GT was 67.1%, indicating
that grain-sized moxibustion could heighten the antitumor
effect of CTX.

3.2. =e Effect of Grain-Sized Moxibustion in Combination
withCTXonSpleenandLiverTissue ofHepa1-6-BearingMice.
To determine whether grain-sized moxibustion combined
with CTX affects the spleen and liver weights in Hepa1-6-
bearing mice, spleen and liver indices were calculated. As
shown in Figure 3(c), the spleen index of the mice in the G
group was higher than that of the C group, but there was no
statistical significance. )e spleen index of the mice in the T
group and the GTgroup was significantly lower than that of
the C group (P< 0.001 and P< 0.01, respectively). Com-
pared with the Tgroup, the spleen index of the GTgroup was
significantly higher (P< 0.05). It is worth noting that the
differences in the liver indices among the four groups were
not significant, suggesting that the grain-sized moxibustion
combined with CTX may have little influence on liver
weight.

Next, to further explore whether the grain-sized mox-
ibustion can improve the organ damage caused by CTX in
Hepa1-6-bearing mice, H&E staining was performed on the
spleens and livers of Hepa1-6-bearing mice in each group.
Pathomorphological changes were observed (100×, 400×), and
inflammation scores were recorded.

See Figure 3(a) shows a histological micrograph of the
spleen. In group C, a clear boundary between the red and
white pulp was observed and the cells were neat and dense. A
clear boundary between the red and white pulp was also
observed in the G group. )e density of periarteriolar
lymphoid sheath (PALS) and lymphoid nodule (LN) cells
was not significantly different than that of group C. In the T
group, the boundary between red and white pulp was un-
clear and the density of PALS and LN cells increased
(P< 0.01 and P< 0.05, respectively). However, cells in the
GT group were denser than those in the T group and the
boundary of the red pulp and the white pulp was clearer.)is
indicated that grain-sized moxibustion could reduce the
density of cells in the PALS and the proliferation of LN cells,
suggesting that grain-sized moxibustion could reduce CTX-
induced spleen damage in Hepa1-6-bearing mice.

See Figure 3(f) shows microscopic pictures of liver
histology. In the C group, the structures of hepatocyte nuclei
were clear and the cell infiltration was low. )e nuclei of
hepatocytes in the G group were clearly displayed.)ere was
no obvious abnormal change in the cell structure. In
comparison to group C, hepatocytes in group T were se-
verely degenerated and swollen, cell boundaries were blurred
or even absent, inflammatory cells infiltrated around the
central vein, and the cellular inflammation was distinct
(P< 0.05). Compared with the T group, the hepatocyte
structures of the GT group were different and the degree of
cell necrosis and inflammation wasmilder, but the difference
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Figure 2:)e effect of grain-sized moxibustion combined with CTX on tumor growth in Hepa1-6-bearing mice. (a) Body weight (days 6, 9,
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was not statistically significant. )e results suggest that
grain-sized moxibustion could alleviate the pathological
changes of liver tissues caused by CTX. Changes in liver
structures may be caused by the toxicity of CTX rather than
moxibustion. Notably, the infiltration of inflammatory cells
in the C group may be induced by Hepa1-6 cancer cells.

3.3. =e Effect of Grain-Sized Moxibustion in Combination
with CTX on Blood and Biochemical/Hematological (or Cel-
lular) Indexes in Hepa1-6-Bearing Mice. Biochemical indi-
cators are important biological indicators to characterize the
experimental animals [27]. In comparison to those in group
C, serum ALT and AST levels in group G were significantly
lower (P< 0.05 and P< 0.01, respectively) (Figures 4(a) and
4(b)). Serum ALT and AST levels in the T group were
significantly higher than those of group C (both P< 0.001).
In the GTgroup, serum ALT levels were significantly higher
than those of group C (P< 0.01), whereas serum AST levels
were higher but not statistically significant. Compared with
those in the Tgroup, serum AST levels in the GTgroup were
significantly lower (P< 0.01). Serum ALT levels were lower
but not statistically significant. )ese results indicate that
grain-sized moxibustion could significantly improve the
liver injury caused by CTX, which was consistent with the
results of liver inflammation scoring.

As shown in Figure 4(d), the numbers of WBCs in
groups T and GT were significantly lower than those in
group C on the 9th day (both P< 0.001). Compared with
those in the Tgroup, the numbers of WBCs in the GTgroup
were significantly higher (P< 0.01). On the 12th day, the
numbers of WBCs in groups T and GT were significantly
lower than those in group C (both P< 0.001). In comparison
to those in group T, the numbers of WBCs in group GTwere
significantly higher (P< 0.05). On day 15, the numbers of
WBCs in group T were significantly lower in comparison to
group C (P< 0.001). Compared with those in the T group,
the numbers of WBCs in the GT group were significantly
higher (P< 0.05). Notably, the number of WBCs in the T

group increased slowly after day 9, indicating that the in-
hibitory effect of CTX on WBCs may be short-lived. In
addition, we measured the number of BMNCs in Hepa1-6-
bearing mice. )e results showed that the number of
BMNCs in the G group was higher than that of the C group,
but not statistically significant, whereas the numbers of
BMNCs in the T and GT groups were significantly lower
(P< 0.01 and P< 0.001, respectively). Compared with those
of the T group, the number of BMNCs in GT group was
significantly higher (P< 0.05). )ese findings indicate that
grain-sized moxibustion could improve bone marrow
suppression induced by CTX.

3.4. =e Effect of Grain-Sized Moxibustion in Combination
with CTX on Tumor Cell Proliferation in Hepa1-6-Bearing
Mice. To assess the proliferative activity of tumor cells and
observe whether the inhibitory effect of grain-sized mox-
ibustion combined with CTX on tumor growth in mice is
related to the proliferation genes Ki67 and PCNA, we
performed immunohistochemical analysis of tumor prolif-
eration activity. Compared with those in the C group, the
numbers of Ki67-and PCNA-positive cells in tumor tissues
of the G, T, and GT groups were lower (Figures 5(a) and
5(b)) and the Ki67 and PCNA protein expression levels were
significantly lower (all P< 0.001). Compared with those in
group T, the number of Ki67-and PCNA-positive cells in
tumor tissues of group GT was lower and the Ki67 and
PCNA protein expression levels were significantly lower
(both P< 0.001).

Based on the above results, we carried out RT-qPCR
analysis to further clarify the mechanism of grain-sized
moxibustion combined with CTX in vivo. As shown in
Figures 5(c) and 5(d), the relative mRNA expression levels of
Ki67 and PCNA in group G were significantly lower after
treatment with grain-sized moxibustion in comparison to
those in group C (P< 0.01 and P< 0.05, respectively). )e
relative mRNA expression levels of Ki67 and PCNA in the T
and GT groups were significantly lower than those of group
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Figure 3: )e effect of grain-sized moxibustion combined with CTX on spleen and liver tissue of Hepa1-6-bearing mice. (a) H and E
staining of the spleen (×100, ×400). (b) Spleen photograph. (c) Spleen index. (d) Inflammatory score of periarteriolar lymphoid sheath
(PALS). (e) Inflammatory score of lymphoid nodule (LN). (f ) H&E staining of the liver (×100, ×400). (g) Liver photograph. (h) Liver index.
(i) Inflammatory score of liver. All values are presented as means± SD (n� 10). PALS as yellow arrow), LN as green arrow, and Hepatocyte
as black arrow. Notes: ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001 vs. C group; #P< 0.05, ##P< 0.01 vs. T group. C: control group; G: grain-sized
moxibustion group; T: CTX group; GT: grain-sized moxibustion plus CTX group.
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C (all P< 0.001). However, the relative mRNA expression
levels of Ki67 in the GT group were significantly lower
compared with those of the T group (P< 0.01); the relative
mRNA expression levels of PCNA were lower, but it had no
statistical significance. )ese results suggest that grain-sized
moxibustion inhibited tumor growth by down-regulating
the expression of proliferation genes Ki67 and PCNA,
consistent with the results of immunohistochemical analysis.
Likewise, the combined application of grain-sized mox-
ibustion and CTX could enhance the antitumor effects,
inhibit the proliferation of tumor cells, and exert a syner-
gistic effect.

4. Discussion

)is study evaluated the effect of grain-sized moxibustion
and CTX on tumor growth, weight, volume, and inhibition
rate.)e body weight and survival status of Hepa1-6-bearing
mice were significantly decreased after CTX treatment.
However, after treatment with grain-sized moxibustion, the
weight and survival status of Hepa1-6-bearing mice in the
GTgroup were significantly higher than those in the Tgroup.
Furthermore, the results showed that both grain-sized
moxibustion and CTX could effectively inhibit tumor
growth.

)e combined use of grain-sized moxibustion and CTX
had a synergistic effect, which could significantly increase

the tumor inhibition rate. CTX is one of the most effective
and widely used drugs in the synthesis of many chemo-
therapeutic drugs. It works mainly through the replacement
of nitrogen mustard methyl groups with CTX rings to form
intra- and inter-strand DNA cross-links, thereby interfering
with DNA replication and inhibiting tumor growth [28, 29].
Compared with other therapies, grain moxibustion has
unique advantages in treating cancer [30, 31]. In recent
years, relevant basic research and clinical trials have shown
that moxibustion can increase the number of lymphocytes
and their subsets, activate natural killer cells, and stimulate
the activity of cytokines (e. g., interleukin (IL)-1 and IL-2) to
improve the body’s immune response [32] and the survival
status of patients with cancer [33]. )ese findings are
consistent with our experimental results. At present, there is
no research on whether grain-sized moxibustion combined
with CTX has a synergistic effect on the treatment of tumors.
)is study observed synergistic effects of grain-sized mox-
ibustion on Hepa1-6-bearing mice and the effect of reducing
toxicity of chemotherapy drugs (e. g., CTX).

It is well known that the most common clinical adverse
reactions caused by CTX are leukopenia [34], bone marrow
suppression [35], and hepatotoxicity [36]. It also has a
certain impact on the hematopoietic system [37]. )e he-
matopoietic system is one of the most sensitive targets of
toxic compounds and is often regarded as an important
parameter of physiological and pathological states in
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Figure 4: )e effect of grain-sized moxibustion combined with CTX on hematological and biochemical indexes of Hepa1-6-bearing mice.
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humans and animals [38]. To study the relevant mechanism,
we observed the effect of grain-sized moxibustion and CTX
on WBCs and BMNCs and conducted related research. )e
results showed that grain-sized moxibustion combined with
CTX could significantly increase the numbers of WBCs and
BMNCs compared with those of CTX alone and had a
certain protective effect on the hematopoietic system. Serum
ALT and AST are sensitive markers to detect whether liver
function is reduced, which can reflect different degrees of
liver damage [39]. Grain-sized moxibustion can significantly
reduce serum ALT and AST levels and alleviate CTX-in-
duced hepatotoxicity. Organ weight is one of the most
sensitive indicators of drug toxicity, and changes in organ

weights often precede morphological changes [10]. )is
study found that grain-sized moxibustion could significantly
reduce the damage to the liver and spleen caused by CTX
and increase the liver and spleen indices. It has been re-
ported that the cancer usually occurs at sites of chronic
inflammation [40]. Moreover, inflammatory cells are also
involved in the formation of tumors and impair immunity.
Remarkably, the density of PALS cells in the spleen was
lower, the proliferation of LN was inhibited, and the de-
generation and swelling of hepatocytes were lower in the GT
group than in the C group. Grain-sized moxibustion could
significantly improve CTX-induced splenic lymphocyte
reduction and reduce liver inflammation, thereby improving
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Figure 5: )e effect of grain-sized moxibustion combined with CTX on the proliferation of tumor cells in Hepa1-6-bearing mice. (a)
Expression of Ki67 protein in tumor tissue. (b) Expression of PCNA protein in tumor tissue. (c) )e relative expression of Ki67 mRNA in
tumor tissue. (d) )e relative expression of PCNA mRNA in tumor tissue. All values are presented as means± SD (n� 3). Notes. ∗P< 0.05,
∗∗P< 0.01, ∗∗∗P< 0.001 vs. C group; #P< 0.05, ##P< 0.01 vs. T group. C: control group; G: grain-sized moxibustion group; T: CTX group,
GT: grain-sized moxibustion plus CTX group.
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the pathological changes of spleen and liver and exerting an
immunoregulatory effect. Overall, grain-sized moxibustion
combined with CTX could significantly improve the survival
status of Hepa1-6-bearing mice, increase body weight, im-
prove symptoms such as leukopenia, myelosuppression, and
hepatotoxicity, reduce the organ inflammatory response,
and improve liver and spleen indices. )ese findings are
consistent with the research of some domestic scholars,
specifically that moxibustion could reduce the adverse re-
actions and damage to the body induced by chemotherapy
[41].

Ki67 is a nuclear protein associated with cellular pro-
liferation [42], and the quantity of nuclear staining cells is
associated with tumor stage and disease development [43].
PCNA is a protein involved in the replication and repair of
DNA and the adjustment of the cell cycle [44] and plays an
important role in DNA replication and maintaining gene
stability [45]. Ki67 and PCNA were shown to be strongly
expressed in stained cells in previous investigations, im-
plying that tumor cells were active and proliferated rapidly
[46]. Consequently, Ki67 and PCNA could reflect the
proliferative activity of tumor cells, suggesting their po-
tential status as prognostic indicators. In this study, Ki67 and
PCNA were greatly overexpressed in group C as shown by
many brown-yellow particles in the nucleus, indicating that
the tumor cells were in an active stage and a bad prognosis.
)e expression levels of Ki67 and PCNA in the G and T
groups were significantly lower than those in the C group,
whereas the expression levels of Ki67 and PCNA in the GT
group were lower than those in the T group. )e results of
immunohistochemistry and RT-qPCR confirmed those of
the other, indicating that the combination therapy could
enhance the antitumor activity accompanied by an im-
proved prognosis. Furthermore, our results showed that
grain-sized moxibustion could assist CTX in the inhibition
of tumor cell proliferation. )e inhibitory effect is more
obvious with time and its survival time is predicted to be
prolonged, which may be the significance of grain-sized
moxibustion as adjuvant chemotherapy.

)is study preliminarily investigated the effect of grain-
sized moxibustion on the antitumor effects of CTX in
Hepa1-6-bearing mice and provided new insights into the
antitumor effects of grain-sized moxibustion and the re-
duction of the toxic and side effects of CTX. Nonetheless,
this study has limitations such as a short observation time
and small sample size. To further study the therapeutic
mechanism of grain-sized moxibustion, the effect of grain-
sized moxibustion on tumor cell apoptosis can be further
observed and studied by extending the course of treatment
and increasing the sample size. Hence, we anticipate that
relevant basic research and clinical follow-up studies will
improve our experimental conclusions.

5. Conclusion

)e antitumor effect of grain-sized moxibustion combined
with CTX on Hepa1-6-bearing mice is greater than that of
CTX alone. )e mechanism by which grain-sized mox-
ibustion enhances the antitumor activity of CTX may

include restraining tumor cell proliferation and reducing the
toxicity of CTX. )us, grain-sized moxibustion may be a
promising external therapy for adjuvant chemotherapy.
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