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ABSTRACT

Objective: The objective was to study the synergistic and attenuating
effects of ClI-3 combined with cisplatin. Materials and Methods: A Lewis
tumor-bearing mouse model was established. After 15 days of continuous
administration of ClI-3 and cisplatin, the pathological changes in the tumor,
liver, lung, and femur tissues were observed; the life prolongation rate,
tumor inhibition rate, Q value, organ indices, spleen T- and B-lymphocyte
proliferation activities, NK cell killing activity, the bone marrow cell
proliferation rate and cell cycle phase, and the number of peripheral blood
cells and bone marrow nucleated cells were measured. The expression of
granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage
colony-stimulating factor (GM-CSF) in mouse serum and bone marrow
tissue was measured. Results: The combination of ClI-3 and cisplatin could
enhance the ability of cisplatin to inhibit tumor cell proliferation and protects
the liver damage and femoral injury and could significantly increase the life
prolongation rate; tumor inhibition rate of cisplatin; the liver, spleen, lung,
and thymus indices; the T-and B-lymphocyte proliferation activity; the NK cell
killing activity; and the number of peripheral blood cells and bone marrow
nucleated cells. The combination of drugs can stimulate the transformation
of bone marrow cells from S phase to G2/M phase, significantly increase
the proliferation rate of bone marrow cells and the contents of G-CSF and
GM-CSF in mouse serum, and downregulate the mRNA and protein levels
of them in bone marrow tissue. Conclusion: These results suggest that
ClI-3 combined with cisplatin can significantly enhance the antitumor effect
and reduce the toxicity and side effects of cisplatin in Lewis tumorbearing
mice.

Key words: Bone marrow suppression, Periplaneta americana, synergism
and attenuation

SUMMARY

e Periplaneta americana extract ClI-3 has the effect of synergism and toxicity
reduction on tumor chemotherapy drugs.
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INTRODUCTION

Malignant tumors are one of the three major diseases in the world that
harm human health and life. Together with surgery and radiotherapy,
chemotherapy is one of the three major cancer treatment methods.
In recent years, with the advent of highly effective anticancer drugs,
chemotherapy has played an important role in the comprehensive
treatment of malignant tumors. However, the antitumor activities of
these powerful drugs can also cause different degrees of damage to
normal tissues and often cause a series of in vivo adverse reactions.!
Cisplatin is one of the most widely used chemotherapeutic drugs®*! and
has been used to treat ovarian cancer, testicular cancer, uterine cancer,
breast cancer, gastric cancer, brain cancer, head-and-neck cancer, lung
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cancer, and other solid cancers.”® Although cisplatin has a strong
anticancer effect, its use is limited by various side effects, such as
neurotoxicity, nephrotoxicity, and ototoxicity, especially bone marrow
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suppression.[”!*l Bone marrow suppression refers to the decrease in the
activity of blood cell precursors in bone marrow. Red Blood cells (RBCs),
White Blood Cells (WBCs), and platelets in the peripheral blood all
originate from the proliferation and differentiation of hematopoietic
stem cells in the bone marrow. As chemotherapeutic drugs target rapidly
proliferating cells, hematopoietic stem cells are also severely affected,
resulting in a decrease in the number of RBCs, WBCs, and platelets
in the peripheral blood."! Moreover, bone marrow suppression often
delays the time of chemotherapy, reduces the dosage of drugs, and
even stops chemotherapy, which affects the anticancer effect. Therefore,
it is very important to alleviate the serious adverse reactions caused
by chemotherapeutic drugs in cancer patients and to find a safe and
effective way to prevent and treat the toxic side effects of bone marrow
suppression, which is also one of the hotspots of cancer clinical research
in recent years. The effect of bone marrow suppression on hematopoietic
stem cells is achieved through the influence of hematopoietic growth
factors in the bone marrow hematopoietic microenvironment. In the
course of cancer treatment, blood transfusion and a growth factor
injection can accelerate hematopoietic recovery and improve bone
marrow performance to a certain extent.!'! The common hematopoietic
growth factors are granulocyte colony-stimulating factor (G-CSF) and
granulocyte-macrophage colony-stimulating factor (GM-CSF).!"* G-CSF
and GM-CSF can positively regulate bone marrow hematopoiesis. Their
specific mechanism is to enhance the proliferation, differentiation, and
development of hematopoietic stem/progenitor cells into various types
of hematopoietic cells. Moreover, G-CSF!"*'7 and GM-CSF"® are usually
effective and safe when administered with a clinical supplementation of
RBCs and platelets. Therefore, these two hematopoietic growth factors
may be used to study the function to improve the hematopoietic system.

Traditional Chinese medicine, as an adjuvant therapy, has been used
to alleviate the symptoms of advanced cancer.”” Studies have shown
that traditional Chinese medicine plays an important role in the whole
process of cancer prevention and treatment, creating good conditions for
chemotherapy, reducing side effects (such as bone marrow suppression),
improving the quality of life of patients during chemotherapy, and
reducing medical costs.??* Therefore, the development and exploration
of traditional Chinese medicine is of great significance to improve the
efficacy of cancer chemotherapy.

Insects are the largest biological group in nature. There are more than
twice as many medicinal insects as medicinal plants. Medicinal insects
have a unique immune system, which provides a new resource for the
development of natural medicines. Periplaneta americana is a winged
cockroach, a subclass of Insecta and commonly known as a “cockroach”
Its medicinal application began in Shennong’s Herbal Classic. Modern
pharmacological studies have shown that P. americana protects the
stomach and liver, enhances immunity, promotes wound healing, and
exerts antivirus and antitumor activities.?*?! Our research team has
studied the medicinal value of P. americana for more than 30 years. Our
team has developed and produced a series of clinical medicines derived
from P. americana, such as Kangfuxin oral liquid (Z51021834), Xinmailong
injection (Z20060443), and Ganlong capsule (Z20050113) that have been
approved by the China Food and Drug Administration. Using modern
extraction and separation technologies and pharmacological research
methods, we screened the antitumor activity component CII-3 from
P. americana. The main components of CII-3 are small-molecule peptides.
The Folin-phenol method stipulated by the national pharmacopeia is

Table 1: Total peptide content of ClI-3

adopted to determine the total peptide content in CII-3 [Table 1]. The
molecular weight of the main components of CII-3 was 62.17% from
12355Da ~ 612.6Da and 34.26% from 612.6Da ~ 181Da. According to
our previous research, CII-3 combined with cyclophosphamide (CTX)
can significantly enhance the antitumor effect and reduce the toxicity
and side effects of CTX in H22 tumor-bearing mice and can improve
the immune function and hematopoietic system function of the body.
However, there is no systematic in-depth study on the synergistic and
attenuating effects of CII-3 combined with chemotherapeutics in the
treatment of lung cancer. Therefore, we planned to further explore the
synergistic and toxicity-attenuating effects of P. americana extract CII-3
combined with cisplatin for the treatment of Lewis tumor-bearing mice;
our experiments were based on the results of previous studies; we aimed
to provide a scientific basis for the application of P. americana extract
CII-3 in this field.

MATERIALS AND METHODS
Experimental cells and animals

The Lewis lung cancer mouse strain was purchased from Guangzhou
Gino Co., Ltd. The Yac-1 cell line was preserved in our laboratory;
180 SPF C57BL/6 mice aged 6- to 8-week weeks (20 + 2 g; half male
and half female) were purchased from Hunan Slake Jingda Laboratory
Animal Co., Ltd. All procedures were in accordance with the European
Community Guidelines for Animal Experimentation. The animal
experimentation studies were approved by the Ethics Committee on
Animal Research in Dali University.

Preparation of reagents

First, 10 mg cisplatin (Qilu Pharmaceutics, Shandong, China)
powder was mixed with 10 mL normal saline (NS) (Guizhou Tiandi
Pharmaceutics, Guizhou, China) on an ultraclean workbench (Suzhou
Antai Air Technology Co., Ltd., Jiangsu, China); this mixture was
regarded as a high concentration mixture and was diluted to 1.5 mg, 3 mg,
and 6 mg/kg with the same multiple of NS. Then, 0.25 g P. americana
extract CII-3 (He Zhengchun Research Office of Dali University, Dali,
China) was precisely weighed and dissolved in 50 mL of NS for a quick
100 mg/kg suspension of CII-3.

Cell culture and animal modeling

After routine resuscitation culture, Lewis cells were transferred to the third
generation. When they grew to 80%-90% confluence, the cell suspension
was prepared and counted. The cell density was 2 x 107 cells/mL, and
0.2 mL of the mixture was inoculated into the armpit of each C57BL/6
mouse for 15 days. The tumors were removed, and a certain concentration
of cell suspension was prepared. A total of 0.2 mL of the cell suspension
was inoculated into the right forearm armpit of each C57BL/6 mouse,
and the cell suspension was subcultured once every 2 weeks until the
third generation. Lewis lung cancer tumor-bearing mice were inoculated
under the armpit for 15 days, and the mice were sacrificed by cervical
dislocation. Under sterile conditions, the axillary tumor mass was
removed and a 3 x 107 cells/mL cell suspension was prepared. A 0.2 mL
cell suspension was inoculated under the right forearm armpit of each
C57BL/6 mouse, and the Lewis tumor-bearing mouse solid tumor model
was established.

Batch number

20140828

20140829 20140830 Mean value

Total peptide content per capsule with excipients (mg/capsule)

62.44

62.47 62.08 62.33
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Grouping and administration of Lewis
tumor-bearing model

A total of 180 C57BL/6 mice (half male and half female) were fed for
3 days at a controlled temperature of 22°C-25°C and a humidity of
50%-80% to establish the Lewis tumor-bearing mouse solid tumor
model. After the model was established, the mice were randomly
divided into 9 groups with 20 mice in each group [Table 2]. Mice no.
1-10 in each group were used to observe the survival time to calculate
the life prolongation rate and mice no. 11-20 were used to detect other
indicators. The mice were given the drugs after the model had been
established for 24 h. The blank group and the model group were given
NS by gastric perfusion, while the combined group was given CII-3 by
gastric perfusion and cisplatin by intraperitoneal injection half an hour
later every day. The mice were weighed every other day for 15 days, and
the time of death was recorded. After 15 days, the indexes were tested.

Synergistic and toxicity-attenuating effects of ClI-3
combined with cisplatin in Lewis tumor-bearing
mice

Tumor, lung, and liver histological examination

Twenty-four hours after the last administration, blood was collected from
the eyeballs (picked eyeball to take blood). Then, all mice were sacrificed
by cervical dislocation. The tumors, lungs, and livers were removed
completely and fixed with a 10% formaldehyde solution (Shanghai
Sailan Technology Trade Co., Ltd., Shanghai, China), dehydrated, and
embedded in paraffin. H and E (H and E, Shanghai Sailan Technology
Trade Co., Ltd., Shanghai, China) staining was performed to visualize
the histological examination of tumors.

The survival time of the mice

The death time of the mice in each group was recorded, and the
corresponding life prolongation rate! was calculated as follows:

life prolongation rate%=

[ themeanliving days of the miceinthetreatment group 1} 100
—1 (X

the meanliving days of the miceinthe control group

Determination of the tumor weight and tumor inhibition rate in
mice

Twenty-four hours after the last administration, the subcutaneous
tumors were stripped, weighed, and recorded, and the inhibition rate of
each group was calculated. At the same time, the Q value was calculated
according to Jin's formula®’ to evaluate the synergistic effect of the

Table 2: Grouping and administration of Lewis tumor-bearing mice

Groups Route of administration Dosage (mL/10 g/d)
Blank Intragastric administration 0.2

Model Intragastric administration 0.2

100 mg/kg CII-3 Intragastric administration 0.2

1.5 mg/kg cisplatin Intraperitoneal injection 0.1

3 mg/kg cisplatin

6 mg/kg cisplatin

1.5 mg/kg cisplatin Intraperitoneal injection + 0.1+0.2

+ 100 mg/kg CII -3
3 mg/kg cisplatin +
100 mg/kg CII -3
6 mg/kg cisplatin +
100 mg/kg CII -3

Intragastric administration
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combined drugs:
tumor growthinhibitionrate % =
(averagetumor weight incontrol group—

average tumor weight inad ministered group) 100
x

averagetumor weight incontrol group

E(AB)
[EA+(1— EA)xEB]
inhibition rate of the two drugs and EB is the tumor inhibition rate of
cisplatin. Q = 0.85-1.15 represents the sum of the two drugs; Q > 1.15
represents the synergy of the two drugs; Q < 0.85 represents the
antagonism of the two drugs.

Q=

, where E (AB) is the combined tumor

Determination of the organ index in mice

After the mice were sacrificed, the liver, spleen, lung, and thymus
gland were excised and weighed to calculate the organ index:

organweight (mg)

organindex(mg | )= 10g) (10 g is the actual body weight

body weight (

of the mouse).

Changes in immune function in mice
Detection of the proliferative activity of T- and B-lymphocytes

The splenic cell suspension at a concentration of 2 x 10° cells/mL was
prepared under sterile conditions 24 h after the final administration
and was inoculated into the 96-well culture plate at a concentration
of 200 uL/well. Then, 2 uL Con A (Sigma) was added to each well of
the Con A group to a final concentration of 0.5 mg/mL, and 2 uL LPS
medium was added to each stimulation well of the LPS (Sigma) group
with a final concentration of 5 ug/mL; the control well did not have Con
A or LPS; there were six duplicate wells each for the stimulation and
control groups. An MTT (Beijing Solibao Technology Co., Ltd., Beijing,
China) assay was used to detect cell proliferation activity and calculate

the stimulation index (SI). SI= ODvalueof stimulationwell

ODvalueof controlwell

Detection of killing activity of NK cells

The effector cells were prepared by adjusting the concentration of cell
suspension with RPMI-1640 culture solution (Gibco) containing 10%
fetal bovine serum (Gibco) to 2 x 10° cells/mL. The Yac-1 cells in the
logarithmic growth phase were taken; the concentration was adjusted
to 4 x 10* cells/mL to prepare the target cells so that the ratio of effector
cells to target cells was 50:1. Effector cells and Yac-1 cells were added
into 96-well plates with a final volume of 200 pL. At the same time, three
repetitive wells were set up, including the effector cell control well, target
cell control well, and blank control well. The killing activity of NK cells
was detected by an MTT assay:

killing activity of NK cells%=
‘:1— (OD value of effector - target cells - OD value of effector cells)]

x100
OD value of target cells

Improvement in the bone marrow suppression
activity of ClI-3 combined with cisplatin in Lewis

tumor-bearing mice
Changes in peripheral hemogram in mice

Twenty-four hours after the last administration, 20 mL orbital
venous plexus blood was collected. The number of peripheral WBCs,
neutrophils (GRA), monocytes (MON), platelets (PLT), lymphocytes
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(LYM), and RBCs was measured by a whole blood cell analyzer (Nanjing
Pulang Medical Equipment Co., Ltd., Jiangsu, China).

Detection of the number of nucleated cells in the bone marrow
of mice

Twenty-four hours after the last administration, the mice were sacrificed
by cervical dislocation, and both femurs were removed. The bone
marrow cavity was rinsed with an RPMI-1640 culture solution and all
bone marrow was rinsed into a centrifuge tube and the volume was set to
2 mL, the suspension of bone marrow nucleated cells was obtained, and
the cells were counted under the microscope.

Femur histological examination

Femoral bones of the mice in each group were removed, decalcified with
10% concentrated nitric acid, fixed in a 10% formaldehyde solution, and
then dehydrated. The bones were embedded in paraffin and sectioned at
a 5-um thickness for staining with H and E for histological examination
of the bone marrow under a light microscope.

Detection of the proliferation activity of the bone marrow cells in
mice

Twenty-four hours after the last administration, the mice were sacrificed
by cervical dislocation, and both femurs were removed. The bone marrow
cavity was rinsed with a 0.9% sodium chloride solution, and all bone
marrow was rinsed into a centrifuge tube. The supernatant was centrifuged
at a rotating speed of 1000 r/min for 5 min, and then, the supernatant was
discarded. Then, 1 mL 1x erythrocytelytic fluid (Beijing Solibao Technology
Co., Ltd., Beijing, China) was added, lysed for 5 min, and centrifuged for
5 min at 1000 r/min; 1 mL cold PBS was added, mixed, and centrifuged for
5 min at 1000 r/min, and the supernatant was discarded. The process was
repeated twice to make a single-cell suspension. The single-cell suspension
was fixed with 70% cold ethanol for 48 h, washed twice with PBS, mixed
with 100 puL PBS, and then dyed with 50 g/mL propidium iodide dye
solution (Beyotime Institute of Biotechnology, Shanghai, China), and the
reaction was conducted at 4°C in the dark for 30 min. The bone marrow
cell cycle of each group of mice was detected by a BD FACSCalibur flow
cytometer (Becton, Dickinson and Company, NJ, USA). The proliferation
index (PI) of the bone marrow cells was calculated as follows:

_ S+G2/M
GO/Gl+8+G2/ M

Effects of ClI-3 in improving bone marrow suppression

in Lewis tumor-bearing mice treated with cisplatin
Cytokines levels of granulocyte colony-stimulating factor and
granulocyte-macrophage colony-stimulating factor in the serum
Serum samples were collected from the sacrificed mice; the levels of
G-CSF and GM-CSF in the serum were measured by enzyme-linked

immunosorbent assay kits (Elabscience Biotechnology Co., Ltd., Hubei,
China).

Analysis of the mRNA expressions of granulocyte
colony-stimulating factor and granulocyte-macrophage
colony-stimulating factor in the femurs

Total RNA was extracted from the femurs. Then, total RNA from
each sample was reverse transcribed into c¢cDNA using an RT
SuperMix (Nanjing Nuowizan Biotechnology Co., Ltd., Nanjing,
China), and the synthesized cDNA was used for real-time quantitative
polymerase chain reaction (RT-qPCR) amplification using SYBR
qPCR Master Mix. Furthermore, the nucleotide sequences of forward
and reverse primers used for PCR are shown in Table 3. The cycling
conditions were 95°C for 5 min, followed by 35 cycles of 95°C for 30 s
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Table 3: Primers used for reverse transcription-quantitative polymerase chain
reaction

Genes Primers (5'to 3') Bases Sequence
length (bp)
B-actin
Forward ~ GGCTGTATTCCCCTCCATCG 20 154
Reverse CCAGTTGGTAACAATGCCATGT 22 154
G-CSF
Forward ~CGCATGAAGCTAATGGGTGAGT 22 87
Reverse GACGGGTCTGAGGCACTTGTT 21 87
GM-CSF
Forward  TTACTTTTCCTGGGCATTGTGG 22 114
Reverse CAGGAGGTTCAGGGCTTCTTTG 22 114

G-CSF: Granulocyte colony-stimulating factor; GM-CSF: Granulocyte-
macrophage colony-stimulating factor

and 72°C for 5 min. RT-qPCR analysis was performed with the CFX96"
Real-Time System.

Western blot analyses for the protein levels of granulocyte
colony-stimulating factor and granulocyte-macrophage
colony-stimulating factor in the femurs

Femur tissue was taken, and RIPA lytic fluid (Beijing Solibao Technology
Co., Ltd., Beijing, China) was used to lyse the tissue. The supernatant
was extracted, and the protein concentration was measured by a BCA kit
(Beyotime Institute of Biotechnology, Shanghai, China). Protein samples
of the same amount were taken (50 pg/well), sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (Beyotime Institute of Biotechnology,
Shanghai, China) gel electrophoresis was used, and the proteins were
transferred to a membrane. Tris-buffered saline with Tween 20 with 5% skim
milk was used to block the membrane, the primary antibody was added,
and the membrane was incubated at 4°C overnight. Then, the secondary
antibody was added and incubated for 2 h, and the color was developed
by an ECL luminescence solution (Millipore). Image-Pro Plus 6.0 analysis
software was used to quantitatively analyze the gray values of the protein
bands. The mean value was taken as the gray value and the relative content
of the target protein = target protein density/[B-actin density.

Statistical analysis

The results are expressed as the means + standard deviations (SDs).
Statistical differences were determined by one-way analyses of variance.
P < 0.05 was considered statistically significant.

RESULTS

Synergistic and attenuating effects of ClI-3
combined with cisplatin in Lewis tumor-bearing
mice

Effects of Cll-3 combined with cisplatin on tumor histopathology
in mice

As shown in Figure 1, in the model group, tumor cell growth was
vigorous, the cell number was large, and cells had a tight arrangement;
in addition, the number of hemorrhagic and necrotic cells decreased. In
the CII-3 group, most of the tumor cells had an incomplete morphology
with large areas of necrosis and apoptosis and the number of tumor cells
decreased. The tumor cells were ruptured and necrotic in the groups
of cisplatin (1.5, 3, and 6 mg/kg), and there was a dose-dependent
change. There was no significant difference between the low-dose group
of cisplatin and the group of CII-3; CII-3 combined with cisplatin
groups (1.5, 3, and 6 mg/kg) significantly inhibited the growth of tumor
cells, decreased the number of cells, induced massive hemorrhage
and necrosis, and showed a dose-dependent change. There was no
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2 v/

Cisplatin (6.0 mg/kg)  CII-3 + Cisplatin (6.0 mg/kg)

Figure 1: Effects of Cll-3 combined with cisplatin on tumor tissue
pathological slices of Lewis tumor-bearing mice

significant difference between the low-dose combined drug group
and the high-dose cisplatin group. These results suggest that CII-3 can
enhance the inhibitory effect of cisplatin on the proliferation of cancer
cells.

Effects of Cll-3 combined with cisplatin on lung histopathology

in mice

As shown in Figure 2, in the normal group, the lung tissue structure
was clear and the morphology was relatively normal. Lung tissue lesions
occurred in the model group, and some heterogeneous metastatic cancer
cells were observed. Compared to those in the model group, the lung
tissue lesions in the medication administration groups were significantly
improved and no heterogeneous metastatic cancer cells were observed.
These results suggest that CII-3 combined with cisplatin can inhibit the
metastasis of cancer cells.

Effects of Cll-3 combined with cisplatin on liver histopathology in
mice

As shown in Figure 3, in the normal group, the liver cells were neatly
arranged with a clear structure and a polygonal shape and no obvious

Pharmacognosy Magazine, Volume 16, Issue 72, October-December 2020

CII-3

Figure 2: Effects of ClI-3 combined with cisplatin on lung tissue
pathological slices of Lewis tumor-bearing mice

inflammatory cells were observed. In the model group, the liver cells
were disordered and the structure was not clear. Compared with that
of mice in the model group, the liver tissue structure of mice in the
cisplatin group was significantly loose, with irregular cell arrangement,
abundant cytoplasm, empty vacuoles, and inflammatory cell infiltration.
Compared with the cisplatin group, the CII-3 and cisplatin group had
a liver injury that significantly improved and the inflammatory cell
infiltration significantly decreased, as observed in the normal liver cable
structure. These results show that CII-3 can improve cisplatin-induced
liver injury.

Effects of Cll-3 combined with cisplatin on survival time in mice

As shown in Table 4, the survival days and the life prolongation rates of
the CII-3 combined with cisplatin group were prolonged compared with
those of the model group (P < 0.05). CII-3 combined with cisplatin (3 and
6 mg/kg) improved the survival status of mice, and the life prolongation
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Table 4: Effects of ClI-3 combined with cisplatin on the survival time of Lewis tumor-bearing mice (meanststandard deviations, n=10)

Groups Dosage (mg/kg) The survival days (d) The life prolongation rate (%)
Model - 13.6+1.1 -

Cisplatin (1.5 mg/kg) 1.5 17.2+0.8 26.5

CII-3 + cisplatin (1.5 mg/kg) 1.5+100 22.0£1.6* 61.8

Cisplatin (3 mg/kg) 3 14.8+2.8 8.8

CII-3 + cisplatin (3 mg/kg) 3+100 26.3+4.0+ 92.6

cisplatin (6 mg/kg) 6 15.9+1.9 16.2

CII -3 + cisplatin (6 mg/kg) 6+100 24.2+1.9*° 77.9

CII -3 100 17.0+4.7 25.0

Compared with the model group, *P<0.05; compared the combination regimen with the same dose of cisplatin groups, "P<0.01

% ? G‘”

R -_— )

Ciplatin (1 .g/kg) CII-3 + isplatin (1.5 mg/kg)

CII-3

Figure 3: Effects of Cll-3 combined with cisplatin on liver tissue
pathological slices of Lewis tumor-bearing mice

rates of the different doses were 92.6% and 77.9%, respectively. There was
a significant difference between the CII-3 combined with cisplatin group
and the model group (P < 0.01). There was no significant difference
between the CII-3 combined with cisplatin (1.5 mg/kg) group and the
cisplatin group with the same dose, but the survival rate of mice in this
group was 61.8% and the survival days were also higher than those in
the single cisplatin group. The results showed that CII-3 combined with
cisplatin could increase the life prolongation rate of mice.

Determination of the tumor weight and tumor inhibition rate in
mice

As shown in Table 5, the growth of transplanted tumors in mice in each
drug treatment group was slower than that in the model group and the

822

weight of the transplanted tumors in each group was less than that in the
model group (P < 0.05). Compared with the tumor weight in the cisplatin
group, the tumor weights in the CII-3 combined with cisplatin (3 and
6 mg/kg) groups were significantly different (P < 0.01); the tumor
inhibition rate in the CII-3 combined with cisplatin (1.5 mg/kg) group
was 35.78% compared with that in the cisplatin group, and the rate was
not significantly different; however, the tumor weight was lower in this
combination group than in the cisplatin group with the same dose and
CII-3 group. In addition, the Q values of each combined dose group were
0.91, 1.27, and 1.20 (Q > 1.15), respectively. These results suggest that
CII-3 combined with cisplatin has synergistic antitumor effects.

Determination of the organ index in mice

As shown in Table 6, compared with those of the model group, the liver,
spleen, lung, and thymus indices of the CII-3 group were not significantly
different, while the liver, spleen, lung, and thymus indices of the cisplatin
groups were significantly decreased (P < 0.05); compared with the indices
of the cisplatin group, the liver, spleen, lung, and thymus indices of the CII-3
combined with cisplatin groups were significantly increased (P < 0.05).
These results indicate that CII-3 can reduce the toxicity of cisplatin on
organs, improve the organ atrophy caused by cisplatin in mice bearing
tumors, and promote the growth of organs in mice bearing tumors.

Detection of the proliferation activity of T- and B-lymphocytes

As shown in Table 7, compared with that in the normal group, the
T-cell proliferation activity in the other groups was significantly
decreased (P < 0.05 or P < 0.01); however, this decrease was not
observed in the CII-3 combined with cisplatin groups (1.5 and 3 mg/kg);
compared with the T-cell activity in the model group, the T-cell activity
was increased in all groups and there was a significant difference between
the CII-3 combined with cisplatin groups (3 and 6 mg/kg) and the
cisplatin group with the same dose (P < 0.05 or P < 0.01). For the B-cell
proliferation activity, compared with the normal group, the cisplatin
groups experienced a significant decrease in the B-cell activity (P < 0.05
or P < 0.01); compared with that in the model group, the B-cell activity
of the CII-3 combined with cisplatin group was increased and the
B-cell activity of the CII-3 combined with cisplatin group (3 mg/kg)
was significantly higher than that of the cisplatin group at the same
dose (P < 0.01). The results show that CII-3 could increase the activity of
spleen lymphocytes and alleviate the toxicity and side effects caused by
cisplatin in mice bearing tumors.

Detection of the killing activity of NK cells

As shown in Table 8, compared with that in the normal group,
the activity of NK cells in the other groups was significantly
decreased (P < 0.01). Compared with that in the model group, the
NK cell activity in the CII-3 combined with cisplatin groups (3 and 6
mg/kg) was increased and there was a significant difference between
the CII-3 combined with cisplatin group (6 mg/kg) and the cisplatin
group with the same dose (P < 0.05). The results show that CII-3 could
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Table 5: Effects of ClI-3 combined with cisplatin on tumor weight, tumor inhibition rate, and Q value in Lewis tumor-bearing mice (meanststandard deviations,

n=10)
Groups Dosage (mg/kg) Tumor weight (g) Tumor inhibition rate (%) Q
Model - 2.04+0.22 - -
Cisplatin (1.5 mg/kg) 1.5 1.64+0.06* 20.09 -
CII-3+cisplatin (1.5 mg/kg) 1.5+100 1.31+0.15* 35.78 0.91
Cisplatin (3 mg/kg) 3 1.10+0.28* 46.08 -
CII-3+cisplatin (3 mg/kg) 3+100 0.51+0.25* 75.49 1.27
Cisplatin (6 mg/kg) 6 0.77+0.14* 62.25 -
CII-3+cisplatin (6 mg/kg) 6+100 0.28+0.12%° 86.27 1.20
CII-3 100 1.56+0.43* 24.02 -

Compared with the model group, *P<0.05; the combination regimen compared with the cisplatin groups with the same dose, *P<0.01. Q=0.85-1.15 represents the sum
of the two drugs; Q>1.15 represents the synergy of the two drugs; Q<0.85 represents the antagonism of the two drugs

Table 6: Effects of Cll-3 combined with cisplatin on the organ index in Lewis tumor-bearing mice (means=tstandard deviations, n=10)

Groups Dosage Liver index Spleen index Lung index Thymus index
(mg/kg) (mg/109) (mg/109) (mg/109) (mg/109)
Normal - 5.37£0.53 0.34£0.05 0.66+0.03 0.44+0.62¢
Model - 5.27£1.04 0.51+0.13 0.69£0.06 0.05+0.02°
Cisplatin (1.5 mg/kg) 1.5 4.37£1.31 0.29+0.09 0.63£0.01 0.03+0.01°
CII-3 + cisplatin (1.5 mg/kg) 1.5+100 6.06£0.83 0.62+0.46*¢ 0.78+0.08*¢ 0.11+0.06"¢
Cisplatin (3 mg/kg) 3 5.05+0.20 0.26+0.05¢ 0.70+0.10 0.02+0.002°
CII-3 + cisplatin (3 mg/kg) 3+100 6.19+0.62¢ 0.42+0.12¢ 0.84+0.05¢ 0.03+0.03"
Cisplatin (6 mg/kg) 6 4.5140.85 0.2140.04¢ 0.68+0.11 0.04+0.05
CII-3 + cisplatin (6 mg/kg) 6+100 5.39+0.55¢ 0.24+0.04¢ 0.80£0.11%¢¢ 0.04+0.01°
CII-3 100 5.36+0.69 0.53+0.15 0.62+0.08 0.10+0.04°

Compared with the normal group, *P<0.05, °P<0.01; compared with the model group, °P<0.05, “P<0.01; compared the combination regimen with the same dose of

cisplatin groups, ¢P<0.05.

Table 7: Effects of CIl-3 combined with cisplatin on T- and B-lymphocyte proliferation in Lewis tumor-bearing mice (meanststandard deviations, n=10)

Groups Dosage (mg/kg) T-lymphocyte proliferation activity (SI) B-lymphocyte proliferation activity (SI)
Normal - 1.48+0.12¢ 2.24%0.03¢

Model - 0.84+0.06° 1.78+0.10°

Cisplatin (1.5 mg/kg) 1.5 0.96+0.09*¢ 1.89+0.20°

CII-3 + cisplatin (1.5 mg/kg) 1.5+100 1.12+0.11¢ 2.42+0.10

Cisplatin (3 mg/kg) 3 1.02+0.06 1.32+0.36¢

CII-3 + cisplatin (3 mg/kg) 3+100 1.44+0.06 2.08+0.20°

Cisplatin (6 mg/kg) 6 1.27+0.05" 0.97+0.12%¢

CII-3 + cisplatin (6 mg/kg) 6+100 1.76+0.31>¢* 1.07+0.19°¢

CII-3 100 1.25+0.05*¢ 2.12+0.05

Compared with the normal group, *P<0.05, °P<0.01; compared with the model group, °P<0.05, “P<0.01; compared the combination regimen with the same dose of

cisplatin groups, °P<0.05, ‘P<0.01

Table 8: Effects of ClI-3 combined with cisplatin on NK cell activity in Lewis
tumor-bearing mice (meanststandard deviations, n=10)

Groups Dosage Killing activity
(mg/kg) of NK cells
Normal - 88.68+5.67°
Model = 64.59+3.45*
Cisplatin (1.5 mg/kg) 1.5 64.67+4.55°
CII-3 + cisplatin (1.5 mg/kg) 1.5+100 61.99+2.17°
Cisplatin (3 mg/kg) 3 57.75+2.31°
CII-3 + cisplatin (3 mg/kg) 3+100 69.67+8.12*°
Cisplatin (6 mg/kg) 6 54.78+1.89*
CII-3 + cisplatin (6 mg/kg) 6+100 65.24+5.12%¢
CII-3 100 53.66+6.18*°

Compared with the normal group, *P<0.01; compared with the model group
P<0.05, °P<0.01; the combination regimen compared with the cisplatin groups
with the same dose, “P<0.05

increase the activity of NK cells induced by cisplatin and enhance
their killing power and immune response.
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Improvement of the bone marrow suppression
of ClI-3 combined with cisplatin in Lewis

tumor-bearing mice
Effects of ClI-3 combined with cisplatin on peripheral blood cells

As shown in Tables 9 and 10, compared with the number in the model
group, the number of peripheral WBCs, neutrophils, lymphocytes,
monocytes, and erythrocytes in the cisplatin group was decreased; the
number of peripheral WBCs, neutrophils, lymphocytes, and monocytes
in the cisplatin groups (3 and 6 mg/kg) was significantly decreased
compared with the number in the model group (P < 0.05 or P < 0.01).
Compared with the number in the cisplatin group with the same dose,
the number of peripheral WBCs, neutrophils, lymphocytes, monocytes,
RBCs, and platelets in the combination regimen group was significantly
increased. The number of peripheral WBCs, neutrophils, and lymphocytes
in the combination regimen group was increased significantly (P < 0.01)
compared with those in the cisplatin groups (1.5 and 3 mg/kg), and the
number of peripheral mononuclear cells in the combination regimen
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Table 9: Effects of ClI-3 combined with cisplatin on peripheral blood cells in Lewis tumor-bearing mice (means+standard deviations, n=10)

Groups Dosage (mg/kg) WBC (10° cells/L) GRA (10° cells/L) LYM (10° cells/L)
Normal - 2.79+0.79¢ 3.23+1.65¢ 0.8740.39
Model - 11.81+3.45° 10.67+1.67° 1.234+0.93
Cisplatin (1.5 mg/kg) 1.5 9.17+3.19" 7.55+3.31° 2.19+0.72*
CII 3 + cisplatin (1.5 mg/kg) 1.5+100 13.75+7.51%f 9.52+2.98" 3.43+0.8354f
Cisplatin (3 mg/kg) 3 4.83+1.88*¢ 4.52+2.46° 2.91+0.91¢
CII-3 + cisplatin (3 mg/kg) 3+100 9.06+3.63* 7.77+2.06 3.44+1.75b¢
Cisplatin (6 mg/kg) 6 5.76+0.86¢ 1.07+0.724 1.39£0.62
CII-3 + cisplatin (6 mg/kg) 6+100 8.83+£1.82%¢ 4.08+0.98%¢ 1.53£0.75
CII-3 100 9.46+1.98* 5.53+1.59¢ 2.36+0.99%¢

Compared with the normal group. *P<0.05, ®P<0.01; compared with the model group, <P<0.05, “P<0.01; the combination regimen compared with the cisplatin groups

with the same dose, ¢P<0.05, 'P<0.01

Table 10: Effects of Cll-3 combined with cisplatin on peripheral blood cells in Lewis tumor-bearing mice (means+standard deviations, n=10)

Groups Dosage (mg/kg) MON (10° cells/L) RBC (10" cells/L) PLT (10° cells/L)
Normal - 0.17+0.09 9.29+0.764 444+72.02
Model - 0.35+0.18 4.84+1.49° 325.50+£130.46
Cisplatin (1.5 mg/kg) 1.5 0.18+0.07¢ 4.82+0.72° 509.00+237.20¢
CII-3 + cisplatin (1.5 mg/kg) 1.5+100 0.27+0.12 5.97+1.31° 486.60+66.83¢
Cisplatin (3 mg/kg) 3 0.27+0.24* 4.71+0.97° 399.00+59.24
CII-3 + cisplatin (3 mg/kg) 3+100 0.26+0.06 5.39+0.58" 481.20£64.61
Cisplatin (6 mg/kg) 6 0.11+0.03¢ 4.11+0.23° 412.00£36.19
CII-3 + cisplatin (6 mg/kg) 6+100 0.33+0.12f 5.66+1.19">¢ 530.40+98.19¢
CII-3 100 0.49+0.18* 5.55+0.42° 573.00+£120.73¢

Compared with the normal group, *P<0.05, ®P<0.01; compared with the model group, <P<0.05, “P<0.01; the combination regimen compared with the cisplatin groups

with the same dose, ¢P<0.05, P<0.01

Table 11: Effects of ClI-3 combined with cisplatin on bone marrow nucleated
cells in Lewis tumor-bearing mice (means+standard deviations, n=10)

Groups Dosage Bone marrow nucleated
(mg/kg) cells (10° cells/mL)

Normal - 14.72+0.95
Model - 13.04+4.03
Cisplatin (1.5 mg/kg) 1.5 10.26+0.91**
CII-3 + cisplatin (1.5 mg/kg) 1.5+100 12.03+1.39
Cisplatin (3 mg/kg) 3 6.47+1.23%¢
CII-3 + cisplatin (3 mg/kg) 3+100 11.28+0.95%
Cisplatin (6 mg/kg) 6 3.51£0.97%¢
CII-3 + cisplatin (6 mg/kg) 6+100 5.99+0.29%4
CII-3 100 10.12+0.45%

Compared with the normal group, ?P<0.01; compared with the model group,
P<0.05, <P<0.01; the combination regimen compared with the cisplatin groups
with the same dose, P<0.05, ¢P<0.01

(6 mg/kg) was increased significantly (P < 0.01) compared with that in the
cisplatin group. These results suggest that CII-3 can alleviate the toxicity
of cisplatin on peripheral hemograms and can improve the immunity of
mice bearing tumors treated with chemotherapy.

Effects of Cll-3 combined with cisplatin on bone marrow
nucleated cells

As shown in Table 11, the number of bone marrow nucleated cells was
significantly decreased in the combination groups and cisplatin groups
compared with the number in the normal group (P<0.01). Compared with
the number in the model group, the number of bone marrow nucleated
cells in the cisplatin groups was significantly decreased (P < 0.05 or
P < 0.01). Compared with that in the cisplatin groups, the number of
bone marrow nucleated cells in the CII-3 combined with cisplatin (3
and 6 mg/kg) groups was significantly increased (P < 0.05 or P < 0.01).
The results show that CII-3 could significantly improve the reduction in
nucleated cells in bone marrow caused by cisplatin.
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Effects of Cll-3 combined with cisplatin on femur histopathology
in mice

As shown in Figure 4, in the normal group, the femoral tissue structure
was clear and orderly, no RBC hemorrhage or necrosis was observed,
and no fat cells or vacuoles were formed. In the model group, the femoral
tissue structure was fuzzy and disordered, most of the RBCs were
incomplete in morphology, and large areas of necrosis and apoptosis
occurred. Compared with the model group, the cisplatin groups had
a femur tissue structure that was not orderly and there were still RBC
rupture and necrosis. The number of RBCs was significantly reduced
and changed in a dose-dependent manner. Compared with the cisplatin
groups, the CII-3 combined with the cisplatin groups showed an obvious
improvement. These results suggest that CII-3 combined with cisplatin
can improve femoral injury in tumor-bearing mice.

Effects of ClI-3 combined with cisplatin on the proliferation
activity of bone marrow cells in mice

As shown in Table 12, compared with the rate in the normal group,
the proliferation rate of bone marrow cells in each medication
administration group was reduced and the difference was statistically
significant (P < 0.05 or P < 0.01). Compared with that in the model
group, the proliferation rate of bone marrow cells in the cisplatin groups
was significantly reduced (P < 0.05 or P < 0.01) and this reduction was
dose dependent. Compared with that in the cisplatin groups, the bone
marrow cell proliferation rate in the CII-3 combined with cisplatin
groups was significantly increased (P < 0.05). These results suggest that
CII-3 can alleviate the decrease in bone marrow nucleated cells induced
by cisplatin.

Effects of ClI-3 combined with cisplatin on the bone marrow cell
cycle in mice

As shown in Figure 5, compared with that in the normal group, the ratio

of G1 phase cells in the model group was decreased, the ratio of S phase
cells was increased, and the ratio of G2/M phase cells was decreased;
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Figure 4: Effects of Cll-3 combined with cisplatin on femur tissue
pathological slices of Lewis tumor-bearing mice

these results indicate that the bone marrow cells were blocked in S phase
and the PI was decreased, resulting in the decreased proliferation rate of
bone marrow cells. Compared with that in the model group, the ratio of
GI1 phase cells was increased in the cisplatin groups and the combination
group, the ratio of S phase cells was decreased, and the ratio of G2/M
phase cells was increased. Compared with those in the cisplatin groups,
the proportion of G1 phase cells was increased, the proportion of S
phase cells was decreased, and the proportion of G2/M phase cells was
increased in the CII-3 combined with cisplatin groups; in addition, the
cell cycle ratios of each cycle were closer to that of the normal group.
These results indicate that CII-3 can stimulate the transformation of
bone marrow cells from S phase to G2/M phase, accelerate the process
of the cell reproductive cycle, increase the cell PI, and thus, increase the
proliferation rate of bone marrow cells.
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Table 12: Effects of ClI-3 combined with cisplatin on the proliferation
activity of bone marrow cells in Lewis tumor-bearing mice (means+standard
deviations, n=10)

Groups Dosage Proliferation
(mg/kg) index (%)
Normal - 34.68+1.26
Model - 31.68+2.13
Cisplatin (1.5 mg/kg) 1.5 22.89+1.98%¢
CII-3 + cisplatin (1.5 mg/kg) 1.5+100 29.22+1.78%¢
Cisplatin (3 mg/kg) 3 19.57+3.10¢
CII-3 + cisplatin (3 mg/kg) 3+100 25.31£2.56¢
Cisplatin (6 mg/kg) 6 12.11+1.67>¢
CII-3 + cisplatin (6 mg/kg) 6+100 17.73+0.98>4<
CII-3 100 26.95+2.66*

Compared with the normal group, *P<0.01; compared with the model group,
P<0.05, °P<0.01; the combination regimen compared with the cisplatin groups
with the same dose, “P<0.05, <P<0.01

Effects of ClI-3 in improving bone marrow
suppression in Lewis tumor-bearing mice treated
with cisplatin

Effects of Cll-3 combined with cisplatin on hematopoiesis-related
cytokines

As shown in Table 13, compared to those in the normal group, the serum
levels of G-CSF and GM-CSF in each medication administration group
were significantly decreased (P < 0.05 or P < 0.01); compared with those
in the model group, the levels of G-CSF and GM-CSF in the cisplatin
groups were significantly decreased (P < 0.05 or P < 0.01). Compared
with the cisplatin groups, the CII-3 combined with cisplatin (1.5 and 6
mg/kg) groups had significantly increased levels of G-CSF (P < 0.05 or
P < 0.01) and the serum levels of GM-CSF in the CII-3 combined with
cisplatin (1.5 and 3 mg/kg) groups were increased significantly (P < 0.05),
indicating that CII-3 could increase the serum levels of G-CSF and
GM-CSF in mice.

Effects of ClI-3 combined with cisplatin on the mRNA

levels of granulocyte colony-stimulating factor and
granulocyte-macrophage colony-stimulating factor

As shown in Figure 6, compared to the model group, the cisplatin
group had significantly decreased mRNA levels of G-CSF and
GM-CSF (P < 0.01). Compared with that in the corresponding cisplatin
group, the G-CSF level in the combined drug groups (1.5 and 3 mg/
kg) was increased significantly (P < 0.01) and the GM-CSF level
in the combined drug groups (1.5, 3, and 6 mg/kg) was increased
significantly (P < 0.05). These results suggest that CII-3 could ameliorate
the decrease in G-CSF and GM-CSF in bone marrow tissue induced by
cisplatin.

Effects of Cll-3 combined with cisplatin on the protein

levels of granulocyte colony-stimulating factor and
granulocyte-macrophage colony-stimulating factor

As shown in Figures 7 and 8, compared with those of the mice in the
model group, the protein levels of G-CSF and GM-CSF in the bone
marrow tissues of the mice in each medication administration group
were significantly decreased (P < 0.01), indicating that cisplatin could
significantly reduce the protein levels of G-CSF and GM-CSF in bone
marrow tissue. The protein levels of G-CSF and GM-CSF in the bone
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Figure 5: Effects of ClI-3 combined with cisplatin on the bone marrow cell cycle in Lewis tumor-bearing mice
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Table 13: Effects of ClI-3 combined with cisplatin on hematopoiesis-related cytokines (meanststandard deviations, n=10)

G-CSF (Pg/mL)

GM-CSF (Pg/mL)

Groups Dosage (mg/kg)
Normal

Model -
Cisplatin (1.5 mg/kg) 1.5

CII-3 + cisplatin (1.5 mg/kg) 1.5+100
Cisplatin (3 mg/kg) 3

CII-3 + cisplatin (3 mg/kg) 3+100
Cisplatin (6 mg/kg) 6

CII-3 + cisplatin (6 mg/kg) 6+100
CII-3 100

3784.74+533.65¢

2966.78+332.15*
1838.16+167.10>¢
2472.06+297.42°¢¢
2079.93+404.44><
2126.96+416.99"
1011.44+268.99%¢

127.28+21.51¢
69.97+4.97*
48.81+5.24¢
97.14£3.38%¢
20.80+5.61%¢
59.91£3.08*¢
23.79+1.36"¢

34.97+1.50>¢
96.44+12.64°

1942.21+200.81%
3147.29+896.23

Compared with the normal group, *P<0.05, ®P<0.01; compared with the model group, <P<0.05, “P<0.01; the combination regimen compared with the cisplatin groups
with the same dose, ¢P<0.05, {P<0.01. G-CSF: Granulocyte colony-stimulating factor; GM-CSF: Granulocyte-macrophage colony-stimulating factor

Relative mRNA level

& @ D @ & & \
«° c§> é‘" cé“% @f’&“; e ‘é"%
& '“‘9 ?»"‘ok‘s‘&k\@‘o
e O@"’ o\%" o 0“"Q o
& o‘yﬂ’

0.006

0.004

0.002

Relative mRNA level

\\g.‘b

Ot

oo @“’@“’

& qs@ D &
Q

N S
S o ‘b'o \‘Z}
o@“ S o@Q\ e’
&?’ &9, cﬁ'ﬁ’

Figure 6: Effects of Cll-3 combined with cisplatin on the mRNA levels of granulocyte colony-stimulating factor and granulocyte-macrophage
colony-stimulating factor. The data are expressed as the means + standard deviations (n = 10). Compared with the model group, *P < 0.05, #P < 0.01; the

combination regimen compared with cisplatin groups with the same dose, AP < 0.05, AAP < 0.01
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Figure 7: Effects of ClI-3 combined with cisplatin on the protein levels of granulocyte colony-stimulating factor and granulocyte-macrophage
colony-stimulating factor. The data are expressed as the means + standard deviations (n = 10). Compared with the model group, #P < 0.05, ##P < 0.01; the

combination regimen compared with the cisplatin groups with the same dose, AP < 0.05, AAP < 0.01

marrow tissues of mice in the CII-3 combined with cisplatin (1.5 and
3 mg/kg) groups were significantly higher than those in the cisplatin
groups (P < 0.05 or P < 0.01). These results suggest that CII-3 can
increase the downregulation of the protein levels of G-CSF and GM-CSF
in bone marrow tissue induced by cisplatin.
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DISCUSSION

Currently, chemotherapy is a routine method for the treatment of
malignant tumors in the clinic due to its definite curative effect. However,
chemotherapy usually targets rapidly dividing cells to destroy cancer
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Figure 8: Effects of Cll-3 combined with cisplatin on the protein levels
of granulocyte colony-stimulating factor and granulocyte-macrophage
colony-stimulating factor. (a) Model group; (b) ClI-3 group; (c) cisplatin
group (1.5 mg/kg); (d) ClI-3 + cisplatin (1.5 mg/kg) group; (e) Cisplatin
group (3 mg/kg); (f) CII-3 + cisplatin (3 mg/kg) group; (g) cisplatin group
(6 mg/kg); (h) ClI-3 + cisplatin (6 mg/kg) group

cells, leading to serious side effects. The occurrence of bone marrow
suppression is one of the side effects.**?! To reduce the side effects and
drug resistance of chemotherapy, an increasing number of studies have
focused on the combination of drugs that make cancer cells sensitive to
traditional chemotherapeutic drugs. The natural products of traditional
Chinese medicine are usually safe and have a low toxicity. They are ideal
chemosensitizers for cancer treatment.*3°

The main purpose of this study was to explore whether CII-3 can achieve
synergistic and toxicity-attenuating effects in cancer chemotherapy.
The results showed that CII-3 combined with cisplatin could enhance
the inhibitory effect of cisplatin on the proliferation of tumor cells and
could significantly increase the life prolongation rate and the tumor
inhibition rate of cisplatin in mice; these effects indicated that CII-3
had a synergistic effect. At the same time, CII-3 combined with cisplatin
can improve the liver injury induced by cisplatin; significantly alleviate
the decrease in the liver, spleen, lung, and thymus indices induced by
cisplatin; inhibit cancer cell metastasis; and significantly increase the
T- and B-lymphocyte proliferation activity and the NK cell killing
activity, indicating that CII-3 has the role of toxicity attenuation.

Bone marrow suppression is one of the main toxic and side effects of
chemotherapy, and this suppression is also the main reason that patients
cannot complete treatment on time. When the bone marrow system is
inhibited, the related indicators of bone marrow hematopoiesis will also
change. Clinical examination shows that the most objective and direct
indicator is the decrease in the blood cells of each lineage. Bone marrow
depression caused by most chemotherapeutic drugs usually occurs
1-3 weeks after chemotherapy.*® Leukocyte decreases are the main
cause, but platelet decreases may also occur and erythrocyte decreases
are not obvious. The absolute value of neutrophils is more important
than the total number of WBCs for granulocyte suppression, which is
one of the bone marrow suppression indicators that need intervention.
In addition, monocytes, lymphocytes, and bone marrow nucleated cells
are also affected by bone marrow suppression. The results showed that
the number of peripheral WBCs, neutrophils, lymphocytes, monocytes,
RBCs, platelets, and bone marrow nucleated cells increased in the
combined groups compared with the number in the cisplatin groups at
the same dose, and this increase could improve the femoral injury in
tumor-bearing mice. By detecting the bone marrow cell cycle, we found
that CII-3 can stimulate the transformation of bone marrow cells from
S phase to G2/M phase, accelerate the process of the cell reproductive
cycle, increase the cell PI, and thus, increase the proliferation rate of
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bone marrow cells. These results suggest that CII-3 can alleviate bone
marrow depression induced by cisplatin.

Bone marrow toxicity of chemotherapeutic drugs mainly manifests as
hematological toxicity, such as the effect on hematopoietic stem cells, so
the inhibition of bone marrow toxicity may be related to the activity of
hematopoietic growth factors.*”’ G-CSF and GM-CSF are two common
hematopoietic factors. They have synergistic effects, which can directly
stimulate stem cells to differentiate into myeloid and erythroid cells, and
their contents can indirectly reflect the hematopoietic function of bone
marrow. According to the results that CII-3 had the effect of improving
bone marrow suppression in cisplatin-treated Lewis tumor-bearing
mice, we hypothesize that the ability of CII-3 to improve bone marrow
suppression is related to the bone marrow hematopoietic factors G-CSF
and GM-CSF in the bone marrow hematopoietic microenvironment.
To further elucidate the effects of CII-3 in improving bone marrow
suppression, we measured the serum cytokines G-CSF and GM-CSE,
which are related to hematopoiesis, as well as their mRNA and protein
levels in bone marrow cells. The results showed that CII-3 could increase
the levels of G-CSF and GM-CSF in the serum of mice and the mRNA
and protein levels of G-CSF and GM-CSF in bone marrow tissues. These
results indicate that CII-3 could promote bone marrow hematopoiesis by
stimulating the production of the hematopoietic growth factors G-CSF
and GM-CSF in the bone marrow hematopoietic microenvironment,
thus improving bone marrow suppression.

CONCLUSION

CII-3 combined with cisplatin can enhance the antitumor effect of
cisplatin; alleviate the toxicity and side effects of cisplatin on immune
organs, liver injury, and bone marrow suppression; and improve
the lymphocyte transformation function and NK cell killing power,
suggesting that CII-3 has a synergistic and attenuating effect in cancer
chemotherapy. For the main toxic side effect of bone marrow suppression,
the improvement of CII-3 is related to the increase in G-CSF and
GM-CSF in serum and the upregulation of the mRNA and protein levels
of G-CSF and GM-CSF in bone marrow. These results provide a basis
for the adjuvant application of CII-3, an antitumor active component of
P americana, in cancer chemotherapy. The mechanisms of the synergism
and toxicity attenuation abilities of CII-3 need to be elucidated further.
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