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Antitumor effects of melanin from Lachnum
YM226 and its derivative in H22 tumor-bearing
mice†
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In the present study, we investigated the anti-tumor activities of the intracellular homogeneous melanin

(LM) of Lachnum YM226 and its derivative (ALM) on liver cancer using murine H22 hepatocarcinoma

model. The results showed that LM and ALM (50 and 200 mg kg−1) could effectively inhibit tumor growth

of H22 tumour-bearing mice. The body weight, liver, spleen and thymus indices also improved in the LM

and ALM treated groups. Moreover, the levels of alanine aminotransferase (ALT), aspartate amino-

transaminase (AST), alkaline phosphatase (ALP), creatinine (CRE), blood urea nitrogen (BUN) and uric acid

(UA) were lowered. Serum cytokines of interleukin-2 (IL-2), interleukin-6 (IL-6), tumor necrosis factor-α

(TNF-α) and interferon-γ (IFN-γ) were increased on LM and ALM administration, while LM and ALM signifi-

cantly decreased the vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF)

levels. The H&E staining indicated that LM and ALM exhibited antitumor activity in vivo by promoting apo-

ptosis and inhibiting angiogenesis. The anti-tumor effect of ALM was more significant than that of LM for

the same dose. In summary, the findings demonstrated that LM and ALM might be promising candidates

for the prevention and treatment of HCC.

1 Introduction

Hepatocellular carcinoma (HCC), a global health problem, is
the seventh most common cancer worldwide and the third
leading cause of cancer-related deaths.1 The incidence of
HCC in China ranks first in the world and its incidence rate
is about 10 times that in European countries.2 It is expected
that HCC incidence will increase drastically in the coming
years, partly due to the lack of effective therapies.3 Although
several treatment options exist for HCC, including surgical re-
section, liver transplantation and percutaneous ablation, sur-
gical resection is still the preferred solution for the treatment
of HCC.4 However, curative surgery and liver transplant are
the only available options to a small minority of early-stage
HCC patients, while advanced stage HCC is easy to relapse
and becomes fatal even if patients receive combination che-
motherapy.5,6 Further, several chemically synthesized medi-
cines are available for treating HCC, but these drugs have
low-selectivity and thus, frequently induce severe side ef-

fects.7,8 Therefore, developing novel natural medicines with
better effectiveness and lower toxicity are required
imminently.

Melanin is an amorphous black pigment of high molecu-
lar weight. It is formed by oxidative polymerization of pheno-
lic or indolic compounds present in animals, plants, bacteria
and fungi. Conventionally, melanin has been widely used in
different industries including cosmetics, food and medicine
owing to its antimicrobial, anti-inflammatory and radical
scavenging activities.9–11 The pigments from microorganisms
constitute a valuable source because they are capable of pro-
ducing high yields of melanin in the cheap culture medium,
thus making the bioprocess economically viable on the in-
dustrial scale. Therefore, microbial submerged fermentation
is a rapid and promising alternative for the efficient produc-
tion of natural melanin with consistent quality.12 Lachnum is
a class of saprophytic fungus that can produce a large
amount of melanin when cultured in a submerged condition.
It has been reported that melanin extracted from Lachnum
has a wide spectrum of pharmacological activities, including
anti-radiation, anti-oxidation, anti-aging and antibacterial
action.13–16 However, melanin is almost insoluble in water,
which greatly prevents its applications in water-based sys-
tems. Our previous studies suggest that the solubility and
anti-oxidant activity of Lachnum melanin was enhanced after
its modification with amino acids.17 Recently, Costa et al.
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also reported the synthesis of two new types of melanin
chemically modified with amino acids.18

In this study, we explore the anti-tumor effects of Lachnum
melanin and its arginine derivative in a tumor-bearing ani-
mal model.

2 Results
2.1 Characterization of melanin derivative

The water solubility of ALM was determined to be 20.09 mg
mL−1. The structural characterization of LM was examined in
our previous study,19 and its chemical structure is shown in
Fig. S1.† The FTIR spectrum of ALM is shown in Fig. 1. The
peak at 1600 cm−1 corresponds to NH2 bending in guanidyl
group of arginine. The bending vibration at 1550 cm−1 corre-
sponds to N–H in NH3

+ umbrella of arginine.20 Two bands
are observed at 2853 cm−1 and 2925 cm−1 belong to asymmet-
ric and symmetric stretching vibrations of C–H of (–CH2)3 in
arginine or LM. The band at 3275 cm−1 is attributed to –NH
or –OH stretching.21 The band at 1225 cm−1 corresponds to
bending vibration of –OH of ALM. The band at 1390 cm−1 is
attributed to C–O stretching vibration of the phenolic OH
group.22 Additionally, the spectrum displays a band at 1070
cm−1, which is attributed to the aromatic rings in a
substituted macromolecular system.18 The MS spectrum of
ALM (Fig. 2) shows that the mass to charge ratios (m/z) of
fragments varied from 700 to 1140. Compared with the MS
spectrum of LM, the m/z ratios of new fragments are 946 and
947 in the MS spectrum of ALM, from which we could infer
that LM has an addition reaction with two arginine molecules.
The above analysis results indicate that the arginine LM de-
rivative was successfully synthesized.

2.2 Effects of LM and ALM on body weight and tumor growth

The changes in body weight, tumor weight and tumor size of
all the tumor-bearing mice in all the treatment groups are
shown in Table 1 and Fig. 3. It is clear that the body weight

of the model group increased with growing tumor weight,
and the tumor volume of the model group reached to more
than 5000 mm3 at day 12. However, after treatment for 12
days, the body weight of the mice in CTX, LM and ALM
treated groups decreased significantly when compared with
the model group ( p < 0.05 or p < 0.01). These treatments sig-
nificantly inhibited the increasing trend of tumour weight (p
< 0.01) in a dose-dependent manner, and ALM treatment
manifested higher average inhibition rate for the tumor
weight than the LM treatment. Accordingly, the tumor inhibi-
tory rates of the CTX, LM and ALM high dose groups were
54.17%, 35.05% and 46.47%, respectively.

2.3 Effect of LM and ALM on organ indices

To evaluate whether LM and ALM administration resulted in
any side effect on the immune system, the liver, spleen and
thymus indices of mice were calculated at the end of the
study. As shown in Table 2, mice bearing H22 tumor cells had
higher liver and spleen indices than those of normal mice. In
addition, the spleen and thymus indices in the CTX-treated
mice were significantly lower than that of the model group ( p
< 0.01), which accounted for the immunosuppressive side ef-
fect by CTX during the therapy. However, both the thymus
and spleen indices of mice treated with LM and ALM at differ-
ent dosages were significantly higher than those of the CTX
group. There was no significant difference between the model
group and LM-treated group in case of the spleen and thymus
indices, but the thymus index of H-ALM group was higher
than that of the model group.

2.4 Effects of LM and ALM on hepatic and renal function

As presented in Fig. 4, after treatment with CTX, the serum
ALT level increased drastically compared to the model group,
and the AST level also increased significantly compared to
normal group ( p < 0.01), which was similar to the model
group level. However, the serum levels of AST and ALT in
mice treated with LM and ALM decreased significantly com-
pared with those in model group ( p < 0.05 or p < 0.01). The
data in Fig. 4C–E also indicated that LM and ALM reduced
the serum BUN, UA and CRE levels significantly when com-
pared to the model group, which suggested a possible im-
provement in renal function after the administrations.

2.5 Effect of LM and ALM on the levels of serum cytokines

As shown in Fig. 5, the serum levels of IL-2 and IL-6 in L-LM
and H-LM groups were higher than those in the model
group, while those in H-ALM group were significantly ele-
vated ( p < 0.01). Moreover, the treatment of the mice with
LM and ALM at a dose of 200 mg kg−1 promoted TNF-α and
IFN-γ production in the serum when compared with the
model group ( p < 0.05 or p < 0.01). On the contrary, the
levels of TNF-α and IFN-γ decreased remarkably in the CTX
treatment group compared to those of the model group. As
shown in Fig. 6, the result indicated that the VEGF and bFGF
concentrations in serum of the model group increasedFig. 1 FTIR spectra of LM and ALM.
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markedly. However, after LM and ALM treatments, the VEGF
and bFGF levels substantially decreased.

2.6 Morphological changes

In the present study, tumor tissue of H22 tumor-bearing mice
were processed for H&E staining assay to examine the mor-
phological changes in tumor cells. In Fig. 7A, it can be seen
that tumor cells of the model group increased in number
and volume with a large, clear and apparent nucleolus, which
also exhibited inflammation and vascular proliferation. In
comparison to the model group, a relatively lower nuclear to
cytoplasmic ratio in the tumors was observed in CTX, LM
and ALM treatment groups, which showed a loose arrange-
ment and large apoptotic and necrotic regions. In LM and

ALM treated groups with high-dose, the hepatoma cell den-
sity decreased evidently, while the leukocyte infiltration and
hemorrhage of tumors significantly reduced; also varying de-
grees of patchy necrosis was observed.

3 Discussion

Natural products have played a dominant role in the preven-
tion and treatment of human ailments. These natural prod-
ucts comprise a large portion of the current-day pharmaceuti-
cal agents, most notably in the area of cancer therapy.23,24

Hepatocellular carcinoma (HCC) is one of the most frequent
malignant tumors causing high mortality.25 Many natural
products such as anthocyanin, ginsenoside and

Fig. 2 Mass spectrum of ALM.

Table 1 Effects of different treatments on the body weight and tumor growth in H22 tumor-bearing mice

Groups

Body weight (g) Increase of
body weight (g)

Tumor
weight (g)

Average inhibition
rate (%)Pre-treatment Post-treatment

Normal 28.30 ± 2.27 33.19 ± 1.74 4.89 ± 1.74bd — —
Model 28.16 ± 2.17 40.31 ± 3.58 12.16 ± 3.58d 6.81 ± 1.61d —
CTX 27.43 ± 2.05 29.18 ± 1.91 1.76 ± 1.91b 3.12 ± 0.76b 54.17
L-LM 28.97 ± 1.24 37.16 ± 2.03 8.20 ± 2.03ad 4.61 ± 0.83bd 32.29
H-LM 28.93 ± 1.42 36.49 ± 2.43 7.56 ± 2.43bd 4.43 ± 0.58bd 35.05
L-ALM 28.86 ± 1.26 36.80 ± 1.90 7.94 ± 1.90bd 4.22 ± 1.04bc 38.05
H-ALM 28.47 ± 1.45 34.32 ± 2.53 5.85 ± 2.53bd 3.63 ± 0.92b 46.47

a p < 0.05. b p < 0.01: significantly different when compared with model group. c p < 0.05. d p < 0.01: significantly different when compared
with normal group.
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hydroxysafflor yellow A have demonstrated anti-tumor bio-ac-
tivities in H22 tumor-bearing mice.26–28 The present investi-
gation was designed to assess the anti-tumor effect in vivo of
melanin (LM) and its arginine derivatives (ALM) of Lachnum
on H22 tumor-bearing mice. The results showed that both

LM and ALM could significantly inhibit the growth of tumor
transplanted in mice compared with the model group, and
the antitumor activity of ALM was better than that of LM.

The immune system plays a pivotal role in anti-tumor de-
fense. Lowered immune function will favor the formation
and development of tumor, and tumors can often cause a de-
crease in immune functions and atrophy of the immune or-
gans.29 Spleen and thymus are important immune organs.
The weight of the thymus and spleen directly reflects the im-
mune functional strength in the body. Furthermore, effects
of drugs on the spleen index and thymus index can be used
as preliminary indicators of the immunopharmacological
mechanisms in animals.30 In the present study, the result
demonstrated that higher dose of ALM markedly alleviated
the atrophy of the spleen and thymus, stimulating the prolif-
eration of thymus cells in H22 tumor-bearing mice. The
spleen and thymus indices of L-LM and H-LM groups were
higher than those in the model group, which is a clear indi-
cation of strengthened immune system as these indices have
been used to assess the side effects of synthetic drugs on im-
munity. These results also suggested that LM might have
exerted the anti-tumor effect via enhanced immunity.

In anti-cancer treatment, it could be a challenge to trigger
tumor cell death without affecting other normal organs. Per-
fect anti-HCC chemotherapeutics would include not only the
virtue of repressing the growth of malignant cells, but also
minimum toxicity to normal organs.31 ALT and AST are con-
sidered to be sensitive hallmarks of hepatocellular damage,
which provides a quantitative evaluation for the degree of
liver damage. Furthermore, BUN, UA and CRE are the bio-
markers of renal injury; high content of these markers often
indicates renal malfunctions.32,33 To explore the potential
toxicological impact of LM and ALM on H22 tumor-bearing
mice, the liver and renal function parameters, including ALT,
AST, BUN, UA, and CRE, were measured. In this study, LM
and ALM treatment decreased levels of these parameters,
supporting the fact that LM and ALM have no distinct sys-
temic toxicity to major organs in H22 tumor-bearing mice.

The mixture of cytokines that is produced in the tumor
microenvironment has an important role in cancer pathogen-
esis. Cytokines that are released in response to infection, in-
flammation and immunity can function to inhibit tumor de-
velopment and progression, which directly stimulate immune
effector cells and stromal cells at the tumor site and enhance
tumor cell recognition by cytotoxic effector cells.34 Cytokines
that control the immune response were shown to have effi-
cacy in preclinical murine cancer models.35 IL-2 is the key
factor for augmenting an effector lymphocyte immune re-
sponse. It also serves as a potent immune regulator by
expanding immunosuppressive CD4+FOXP3+ T regulatory
cells (Treg).36 IL-6 is a pro-inflammatory cytokine produced
by multiple cell types in response to external stimuli, includ-
ing stress, trauma, and infection. It plays a crucial role in reg-
ulating CD4+ T cell differentiation and effector functions.37,38

TNF-α, which is produced by monocytes or macrophages, is a
multifunctional cytokine involved in cell survival, apoptosis,

Fig. 3 Tumor volume of H22 tumor-bearing mice during treatment
(A). Photographic illustrations of tumors obtained from H22 tumor-
bearing mice; scale bars in the photos represent 4 cm (B).

Table 2 The organ indices of the treatment groups on H22 tumor
models

Groups Liver (%) Spleen (%) Thymus (%)

Normal 3.01 ± 0.54b 0.35 ± 0.09b 0.20 ± 0.05b

Model 4.17 ± 0.68d 0.54 ± 0.09d 0.13 ± 0.06d

CTX 3.56 ± 0.86 0.25 ± 0.14bc 0.04 ± 0.01bd

L-LM 3.72 ± 0.65 0.48 ± 0.08d 0.15 ± 0.04d

H-LM 3.79 ± 1.14 0.48 ± 0.08d 0.16 ± 0.07
L-ALM 3.82 ± 0.97 0.47 ± 0.05d 0.17 ± 0.04a

H-ALM 3.61 ± 1.09 0.43 ± 0.08a 0.18 ± 0.04a

a p < 0.05. b p < 0.01: significantly different when compared with
model group. c p < 0.05. d p < 0.01: significantly different when
compared with normal group.
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inflammation and immunity action.39–41 It has been proven
to be an effective anticancer agent in vitro and in vivo
through preclinical studies, by inducing apoptotic cell death
and tumor necrosis.42 IFN-γ is a key cytokine produced by ac-
tivated T cell, as well as natural killer (NK) and NK T cells in
the tumor microenvironment, and it plays an important role
in coordinating this process.43 In this study, we found that
the different doses of LM and ALM increased the serum
levels of IL-2, IL-6, TNF-α, and IFN-γ. Furthermore, the
H-ALM group showed better efficiency than the H-LM group.

This data implies that promoting cytokine secretion by LM
and ALM might be one of the adjunct anticancer mecha-
nisms. The potential molecular mechanisms may be that LM
and ALM could repress tumor transplantation-induced CD4+

T cell apoptosis and activate NF-κB activity in CD4+ T cells, or
regulate the expression of Bcl-2 and Bax.44

Hepatocellular carcinoma (HCC), characterized by rapid
growth, early metastasis and high mortality, is an intensive
vascular-dependent malignant tumor,45 and angiogenesis
plays an important role in the pathogenesis of the disease.

Fig. 4 The serum levels of AST, ALT, BUN, UA and CRE (A–E) in mice of each group. ap < 0.05; bp < 0.01: significantly different when compared
with model group; cp < 0.05; dp < 0.01: significantly different when compared with normal group.
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Cancer tumor exceeds the size limit (generally 2 mm)
through the induction of its own blood supply, generally by
the process of angiogenesis, which then continues to grow
virtually unchecked.46 Cancer cells stimulate angiogenesis by
secreting soluble factors that stimulate vessel growth and/or
by suppressing factors that prevent angiogenesis. These fac-

tors act primarily upon endothelial cells to promote their pro-
liferation and migration, resulting in the sprouting and for-
mation of tubes, which then develop into vessels, such as
VEGF and bFGF.47,48 VEGF is a hexose-modified
multifunctional protein, which specifically acts on vascular
endothelial cells, inducing microangiogenesis and causing

Fig. 5 The serum levels of IL-2, IL-6, TNF-α, IFN-γ (A–D) in mice of each group. ap < 0.05; bp < 0.01: significantly different when compared with
model group; cp < 0.05; dp < 0.01: significantly different when compared with normal group.

Fig. 6 The serum levels of VEGF (A) and bFGF (B) in mice of each group. ap < 0.05; bp < 0.01: significantly different when compared with model
group; cp < 0.05; dp < 0.01: significantly different when compared with normal group.
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tumor invasion and metastasis.49 Several reports have
stressed the role of VEGF in the neovascularization pro-
cess.50,51 bFGF, is an important prolymphangiogenesis factor
generated by tumor cells, which can significantly promote
the proliferation and migration of lymphatic vessel endothe-
lial cells, promoting tumor lymphangiogenesis by a variety of
ways.52 Our results demonstrate that LM and ALM could in-
hibit the secretion of VEGF and bFGF. Thus, LM and ALM ex-
hibit antitumor effects due to their capacity to inhibit angio-
genesis by inhibiting the activation of ERK/MAPK and NF-κB
pathway signaling to restrain tumor angiogenesis, probably
through its molecular mechanism.53

4 Conclusion

The present study verifies that the melanin of Lachnum
YM226 and its arginine derivative have good inhibitive effect
on the tumor growth in H22 tumor-bearing mice. LM and
ALM markedly increased immune organ indices, regulated

the liver and kidney functions, enhanced the serum cytokine
concentration of IL-2, IL-6, TNF-α, and IFN-γ and decreased
VEGF and bFGF levels. The underlying mechanisms may be
because LM and ALM improved the immune functions, in-
duced apoptosis and inhibited angiogenesis. These improve-
ments extensively provide a scientific basis for developing a
safe therapeutic agent for patients suffering from cancer, al-
though further studies are needed prior to clinical use.

5 Experimental section
5.1 Materials

The fruiting bodies of Lachnum YM226 were collected from
Yunnan Province, China. Lachnum YM226 was isolated and
preserved in the Microbial Resource and Application Labora-
tory of the Hefei University of Technology. The intracellular
homogeneous melanin of Lachnum YM226 (LM) was obtained
according to the method described in the previous study of
Ye et al.13 DMEM 1640 medium and fetal bovine serum (FBS)

Fig. 7 Effect of LM and ALM on morphological changes of mice tumor tissue (original magnification 400× and HE staining). A) Model group, B)
CTX group, C) L-LM group, D) H-LM group, E) L-ALM group, and F) H-ALM group.

MedChemComm Research Article

Pu
bl

is
he

d 
on

 1
6 

M
ay

 2
01

8.
 D

ow
nl

oa
de

d 
by

 R
SC

 I
nt

er
na

l o
n 

6/
20

/2
01

8 
2:

48
:1

6 
PM

. 
View Article Online

http://dx.doi.org/10.1039/c8md00035b


1066 | Med. Chem. Commun., 2018, 9, 1059–1068 This journal is © The Royal Society of Chemistry 2018

were acquired from Gibco (Carlsbad, CA, USA). All the other
reagents were of analytical grade.

5.2 Preparation of LM arginine derivatives

The arginine derivatives of LM were prepared with slight
modification according the method reported by Ye et al. as
detailed below.17 First, arginine and LM were dissolved in
distilled water with a concentration ratio (mol/L) of 1 : 1.
Then, the mixed solution was agitated for 1 h and
centrifuged at 5000 rpm at 30 °C for 10 min. Further, the
supernatant was dialyzed with a dialysis bag (200 Da) in dis-
tilled water for 72 h. After cryodesiccation, the arginine deriv-
ative of LM in powder form (ALM) was obtained.

5.3 Water solubility assay of ALM

The water solubility of ALM was measured using colorimetric
method reported by Song et al.19

5.4 Structural characterization of ALM

5.4.1 FTIR spectroscopy of ALM. The FTIR analysis was
carried out in KBr pellets with approximately 5–10 mg of the
ALM sample in a Nicolet 67 FTIR spectrometer (Thermo Nico-
let, USA) with a computerized detection system between the
region of 400 to 4000 cm−1.

5.4.2 MS analysis of ALM. The MS analysis of ALM was
based on previous methods17 using the liquid
chromatography-time of flight mass spectrometer (ACQUITY
UPLC-LCT Premier XE; Waters, Milford, MA).

5.5 Animal and cell lines

Eighty male Kunming mice, weighing approximately 20 ± 2 g,
were purchased from Experimental Animal Center of Anhui
Medical University (Certificate number: No. 1 license of the
Medical Laboratory Animal of Anhui) and were acclimatized
in an environmentally controlled breeding room (tempera-
ture 22 ± 2 °C, relative humidity 55% ± 5%, and a 12 h-light/
dark cycle) for 7 days prior to treatment. The experimental
protocols were approved by the Committee for Protection of
Animal Care Committee at the Hefei University of Technology
and were performed in accordance with the Guidelines of Ex-
perimental Animal Administration published by the State
Committee of Science and Technology of People's Republic
of China.

H22 mouse hepatocellular carcinoma cells were obtained
from the Wuhan University Preservation Center and
maintained in RPMI 1640 (Gibco-BRL, USA) with 10% fetal
bovine serum, 100 U mL−1 penicillin, and 100 μg mL−1 strep-
tomycin (Invitrogen Corp., CA, USA) at 37 °C under a humidi-
fied atmosphere of 5% CO2. The cells were subcultured until
they reached logarithmic growth phase.

5.6 Animal experiments and treatment

Under aseptic condition, ascites were taken from hepatoma
H22 bearing mice and were diluted with normal saline into a

suspended solution at a concentration of 1 × 107 cells per
mL. For the solid tumor experiment, the mice were injected
with 0.2 mL of H22 cells (1 × 106 cells per mL) subcutane-
ously in the right axillary. After 3 days, the diameter of the tu-
mor was nearly 10 mm, which showed that the model was
established successfully. Then, the mice were randomly di-
vided into seven groups (n = 10) as follows: normal group,
model group, CTX group, LM-low dose group (L-LM), LM-
high dose group (H-LM), ALM-low dose group (L-ALM), and
ALM-high dose group (H-ALM).

The model control group and normal control group were
given the same volume of physiologic saline instead of the
test solution. In the CTX group, 25 mg kg−1 cyclophospha-
mide was administered intragastrically to the mice as positive
control group. The high and low dose LM groups received
intragastric perfusion of LM at the dose of 50 mg kg−1 and
200 mg kg−1, respectively. The high and low dose ALM groups
were administered 50 mg kg−1 and 200 mg kg−1 of ALM, re-
spectively. All these treatments were administered intra-
gastrically once daily for 12 days with a volume of 0.2 mL.
The mice were weighed every three days for dose adjustment,
and the percentage of body weight gain was calculated as (fi-
nal body weight − initial body weight)/initial body weight.

5.7 Body weight, organ index, tumor weight and growth

After 24 h of the last administration, all the mice were
sacrificed by cervical dislocation. Tumor, liver, spleen and
thymus of the mice were excised and weighed on the balance.
The size of five tumor samples in each group was taken for
shooting pictures. The inhibitory effect of experimental treat-
ment on tumor growth was evaluated by tumor inhibition rate,
and the influence of different drugs on the immune organs was
evaluated by the immune organ index. The tumor inhibition
rate was calculated as (tumor weight of model control group −
tumor weight of treatment group)/tumor weight of model
control group × 100%. The organ index was calculated as or-
gan weight/final body weight × 100%. The volume of the solid
tumor was measured with a digital caliper every two days. It
was calculated according to the following equation: tumor
volume (mm3) = [A × B2]/2, where A and B represent the larg-
est diameter and the smallest diameter, respectively.49 Com-
pared with the control groups, the anti-tumor activity of the
tested sample was expressed as an average inhibition rate cal-
culated as (1 − average tumor weight of the treated group/av-
erage tumor weight of the model group) × 100%.

5.8 Analysis of liver and kidney function

After the last administration for 24 h, blood was collected
from the orbital venous plexus. Serum was extracted from
blood samples by centrifugation at 3000g for 10 min after
blood clotting and then divided into aliquots and preserved
at −80 °C. The serum levels of a series of physiochemical in-
dices, including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatinine (CRE), blood urea nitro-
gen (BUN) and uric acid (UA) were determined using the
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corresponding commercial kits (Nanjing Jiancheng Bioengi-
neering Inst., Nanjing, China).

5.9 Serum cytokine concentration determination

The serum levels in cytokines were determined by ELISA
according to the manufacturer's instructions. ELISA kits
(Shanghai Meilian industrial Co., Ltd., Shanghai, China) were
employed for the measurement of the levels of interleukin-2
(IL-2), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α),
interferon-γ (IFN-γ) vascular endothelial growth factor (VEGF)
and basic fibroblast growth factor (bFGF).

5.10 Pathological observation

The tumor samples of each group were removed and fixed
with buffered neutral 10% formalin and embedded in paraf-
fin and then sliced into 4 μm-thick pieces with a rotary
microtome. The slices were stained with hematoxylin eosin
(HE), followed by observation under an optical microscope.
The photographs were taken at ×400 magnification.

5.11 Statistical analysis

All data were presented as mean ± SD. Statistical analysis was
performed with SPSS 17.0 software. The significance of the
data was determined by one-way analysis of variance
(ANOVA), and differences were considered to be statistically
significant if p < 0.05 and extremely statistically significant
when p < 0.01.
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