
Asian Pacific Journal of Cancer Prevention, Vol 24 1209

DOI:10.31557/APJCP.2023.24.4.1209
Colon Tumor Suppression by Cyrtopodion scabrum Extract

Asian Pac J Cancer Prev, 24 (4), 1209-1216 

Introduction

Cancer is one of the major public health problems 
in the world (Torre et al., 2016). The statistics show an 
estimated 19.3 million new cases and 10 million cancer 
deaths worldwide in 2020 and a global cancer burden of 
28.4 million cases in 2040, a 47% rise from 2020 (Sung 
et al., 2021). Colorectal cancer (CRC), the third most 
common malignancy, is predicted to increase by 60% to 
more than 2.2 million new cases and 1.1 million deaths 
by 2030 (Arnold et al., 2017). The incidence of this type 
of cancer is the fourth and third among Iranian men 
and women, respectively (Halimi et al., 2020; Mansori 
et al., 2018). Chemotherapy, one of the main powerful 
treatments for cancer, has been shown to increase the 
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survival rate by 10% (Blauwhoff-Buskermolen et al., 
2016). It not only kills cancer cells, but also affects 
normal cells intensively. Various side effects including 
cardiocytotoxicity, nephrotoxicity, myelosuppression, 
neurotoxicity, hepatotoxicity, and gastrointestinal toxicity 
have been reported to be associated with chemotherapy 
and strongly impair the quality of life of cancer patients 
(Liu et al., 2021). Therefore, finding less toxic and safer 
drugs against cancer is urgent, and many scientists have 
turned the spotlight to the use of natural agents such as 
herbal extracts or animal products. For almost thousands 
of years, the traditional use of natural products including 
zoo therapy and herbal therapy has represented a source 
of effective drugs (Fakher et al., 2019; Gohari et al., 2018; 
Seghatoleslam et al., 2014; Tavakoli et al., 2015). 
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In Traditional Chinese Medicine (TCM), the 
whole-body extract of a kind of Chinese gecko (swinhonis 
Gūenther) has been used as a drug to treat various 
diseases such as cancer for hundreds of years (Duanet 
al., 2018; Jeong et al., 2012; Lee et al., 2019; Yang and 
Wang, 2020). In our previous studies, we also showed 
that a kind of gecko, named Cyrtopodion scabrum (so-
called rough-tailed home gecko), has anti-proliferative 
effects on the breast, colorectal (Amiri et al., 2015), 
stomach, and liver cancer cells (Rashidi et al., 2017). 
C. scabrum is distributed around the Indus Valley to 
the eastern borders of the Caspian Sea, including Iran, 
Turkey, Pakistan, Iraq, etc. (Rastegar-Pouyani et al., 
2010). Our recent studies revealed that the C. scabrum 
extract (CsE) had antitumor properties and growth 
inhibitory effects of 30-78% on different human cancer 
cells with a significant impact on SW742, MKN45 and 
HepG2, and no significant effect on the normal cells. We 
also found that treatment with CsE induced apoptosis 
in cancer cells and the observed anti-cancer effect of 
CsE might occur through TP53 up-regulation, but P53-
independent transcriptional activity. According to our 
last interesting findings, C. scabrum homogenate and 
extract significantly attenuated the 5-fluorouracil (5-FU)-
induced liver dysfunction in rats through strengthening 
antioxidant defense system, resulting in liver function 
improvement (Amiri et al., 2015; Diba et al., 2021; Rashidi 
and Seghatoleslam, 2021). 

We designed the present study to investigate the 
potential in-vivo anticancer properties and side effects of 
CsE, which are still unclear. We also compared the effects 
of CsE with 5-FU, as the main backbone of chemotherapy 
for colorectal cancer patients which have not been reported 
previously. We also aimed to identify a new inexpensive 
anticancer drug with natural sources which might be an 
efficient noninvasive therapy compared with current 
treatment strategies.

Materials and Methods

Cell culture
The CT26 cell line was purchased from National 

Center for Cell Sciences, Pasteur Institute of Iran (Tehran). 
The cells were cultured as monolayers in RPMI-1640 
medium (Bioidea, Iran) supplemented with 10% FBS 
(Shellmax, China), 1% Penicillin Streptomycin (Shellmax, 
China) and maintained in a humidified atmosphere of 5% 
CO2 at 37°C.

Establishment of CT26-tumor bearing mice
28 female BALB/c mice (5-7-week-old and weight 

of 16-18 g) were purchased from Pasteur Institute of 
Iran (Tehran). The mice were housed under standard 
conditions with light: dark cycle 12:12 h, humidity 
23-32%, temperature 22-25°C, and allowed access to food 
and water ad libitum. All the procedures were approved 
by Institutional Animal Ethics Committee of Shiraz 
University of Medical Sciences, Shiraz, Iran (Ethical 
code: IR.SUMS.REC. 1395.S772). The CT26 model was 
established by subcutaneous injection of 3×106 viable 
cells to the armpit region of BALB/c mice, as previously 

reported (Zhang et al., 2013). Tumor growth was 
monitored daily during 2 weeks for tumor development. 
When the tumor volume reached approximately 90-100 
mm3, the mice were considered ready for starting the 
treatments.

Preparation of the Cyrtopodion scabrum extracts (CsE) 
C. scabrum was provided by Razi Research Institute of 

Vaccine and Serum, Shiraz Branch, Iran. The identification 
of the specimens had been performed by a taxonomist 
(F.Torki, the head of the department at FTEHCR). The 
extract was prepared according to the protocol described 
previously by Amiri et al., (2015). Briefly, the animals 
were weighted, cleaned, and crushed by liquid nitrogen; 
then, homogenization, water extraction, and ethanol 
precipitation were done to obtain aqueous crude extract 
(CsE). It was then dialyzed, freeze dried by freeze dryer 
Alpha 1-2/ LD plus (Christ, Germany), and kept at -20°C 
for later use. 

Experimental design
The established tumor-bearing mice (n=28, 7-9 weeks, 

20±3 gr) were randomly divided into four experimental 
groups as follows: Group I, the negative control group, 
was given 0.2 ml DW orally by gavages. Groups II and 
III received CsE (300 and 600 mg/kg BW- according to 
the pilot study) orally by gavages in a daily schedule (0.2 
ml of DW consisting of required amount of CsE). Group 
IV was given daily intraperitoneal injections of 5-FU 
(2 mg/kg BW) (Cipla, Iran).

Animal body weight and the tumor size were measured 
on the first day, and the changes were monitored daily 
until the end of the treatment. The duration of treatment 
was determined based on the tolerability of the growing 
tumors by the animals in the control group, their ability 
to move, body weight loss, infirmity and weakness, in 
the mice of 5-FU group. Thus, in this experiment, the 
treatments were terminated on the day 12, according to 
the above-mentioned items. At the end of the treatment, 
the mice were anesthetized using CO2. Blood sampling 
was performed from the heart, and the sera were collected 
and stored at − 20°C until use for biochemical and 
immunological measurements. The final tumor size and 
volume were also measured. The mice were sacrificed, 
and the whole-body skin of the tumor-bearing mice was 
removed for complete detection (Figure 1A). 

Anti-tumor assay 
The length and width of the tumors were measured 

daily using a caliper (Heng Liang, China) and the tumors’ 
volumes were calculated using the standard formula: 

V=ab2/2 

where a, is the length, and b is the width of the tumors. 
Moreover, final body and tumor weights were 

measured after dissection and the tumor volumes were 
also evaluated after dissection by immersion method. The 
anti-tumor activity of the treatments was evaluated using 
the following formula:
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Statistical analysis
All data were expressed as mean ± SD from duplicate 

experiments and analyzed using SPSS software (Version 
16.0; Chicago, USA). Mann-Whitney U test was also 
applied to analyze the significant groups with one factor. 
P<0.05 was considered statistically significant.

Results

In this study, we evaluated the in-vivo antitumor 
efficacy of CsE in CT26-tumor-bearing mice and 
compared it to 5-FU chemotherapy treatment. We also 
studied its effects on hemato-immunological indices and 
liver function as well.

Effects of CsE on tumor growth and body weight in 
CT26-tumor bearing mice

Daily changes in the tumor volume were measured 
and summarized in Figure 1. These results revealed 
unchanged tumor growth and volume in the groups treated 
with 5-FU and two doses of CsE compared to the control 
group, suggesting a significant antitumor effect of both 
CsE and 5-FU. 

On day 12, the mice were sacrificed, and the final body 
weight, tumor volume, and tumor weight were measured 
after dissection. The results are summarized in Table1.

Based on the results, the tumor volume and weight were 
decreased dramatically in the treated groups compared to 
the control group (p<0.05), with no significant differences 
between CsE and 5-FU treated groups. The tumor growth 
suppression was approximately 63.36 and 65.99% for 
the mice treated with two doses of CsE and 78.11% 
for 5-FU treated mice, compared to the control group. 
The dissected tumors were also photographed, and the 
tumor size and volume in the different groups were 
compared (Figure 2 A,B). As demonstrated, the sizes of 
the dissected tumors in the treatment groups diminished 
significantly, and hopefully they were about to be cured 
in some cases. In the 5-FU group, the tumor growth was 
suppressed compared to the control group, but two of the 
mice died due to the side effects of the chemotherapy. We 
also observed that although 5-FU, as a chemotherapeutic 
agent, dramatically suppressed the tumor weight, it 
simultaneously reduced the body weight of mice compared 
to the control group (p=0.017), which indicated that 5-FU 
had a strong toxicity on the body. Meanwhile, the body 
weights of CsE-treated mice were significantly higher than 
those in the 5-FU group, with no significant differences 
with the control mice. These results suggest that CsE had 
no toxicity to the organism (Table 1). 

Tumor inhibitory rate (%) = (Average tumor weight 
of treatment groups / Average tumor weight of control 
group) ×100

Immune function analysis
To evaluate the impact of the treatments on the 

immune organs, we calculated the thymus and spleen 
indexes, as follows: 

Organ index = average weight of organ (mg) / body 
weight (g) 

The number of WBCs was also analyzed using 
neubauer counting chamber, after dilution of the blood 
samples with Marcano solution (2% acetic acid + 1% 
methylene blue + 97% DW).

Serum TNF-α, as an important pro-inflammatory 
cytokine, was also measured using mouse TNF-α (IBL, 
Germany) ELISA kit, following the manufacturer’s 
instructions.

Hematologic and non-hematologic toxicity study
On day 13, the blood samples were collected via 

cardiac puncture under CO2 anesthesia. To study 
hematologic toxicity of CsE, we analyzed the whole blood 
for red blood cell (RBC) count using neubauer-counting 
chamber. Also, to study the probable side effects of CsE on 
the liver, we analyzed the sera for aspartate transaminase 
(AST) and alanine transaminase (ALT) activity using 
colorimetric assay kits (MAN, Iran). Moreover, the body 
weight was also measured to evaluate the effect of CsE 
treatments on the body weight of the experimental mice.

Determination of antioxidant state 
The level of GSH, as a main antioxidant parameter 

in the body, was evaluated in the sera of experimental 
mice, using Ellman’s method with minor modification 
(Rostampour et al., 2017). The process was based on 
the formation of GS-TNB complex from DTNB (5, 5’ 
dithiobis 2-nitrobenzoic acid) which developed yellow 
color because of the DTNB reduction. The GSH level 
was measured using spectrophotometer (SHIMADZU, 
Japan) at 412 nm. The total level of GSH was calculated 
using a standard curve. 

Analysis of VEGF angiogenic marker
As a preliminary study to explore the anticancer 

mechanism of CsE, serum level of VEGF, as a main 
angiogenic marker, was analyzed using mouse VEGF 
ELISA kit (IBL, Germany), following the manufacturer’s 
instructions.

Groups Body weight (g) Tumor weight (g) Tumor volume (%) Inhibitory Rate (%)
Control 18.80±3.1 5.52±2.67 5.18±2.50 -
CsE 300 20.00±3.4 1.87±1.27a 1.24±1.01a 65.99
CsE 600 23.60±4.5 2.02±1.98a 1.90±1.40a 63.36
5-FU 12.83±2.9a 1.2±0.90a 1.31±0.84a 78.11

The values (n=7) are presented as mean±SD; a, indicates significant at P < 0.05 vs Control group

Tables 1. The Effects of CsE on Body Weight, Tumor Weight, Calculated Volume and Inhibitory Rate at the End of 
the Treatments
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The effect of CsE on immune function
As summarized in Table 2, WBC count in the 

experimental groups revealed no significant changes in the 
CsE treated groups, but a significant (P=0.004) decrease 
was observed in the 5-FU-treated group when compared 
to the control group.

There was no significant difference between the 
thymus and spleen index of the treatment groups of CsE 
compared to the untreated control group, but these indexes 
decreased significantly (P<0.05) in the 5-FU-treated 
group. 

The serum level of TNF-α was significantly lower in 
the CsE treated groups compared to the control and 5-FU 

Figure 2. (A) Photograph of the whole body of the tumor-bearing mice, on day 13, after removing the skin. 
(B) Photograph of the dissected tumors from the mice of each group on day 13.  

Groups WBC count 
(×103 /ml)

Spleen index 
(mg/g)

Thymus index 
(mg/g)

Control 7.22±1.5 5.16±2.5 16.45±4.5
CsE 300 5.35±0.82 4.98±0.94 14.01±3.7
CsE 600 5.57±1.2 4.60±0.68 14.85±2.5
5-FU 0.72±0.16a 1.60±0.94 a 8.9±4.7a

Table 2. The Effects of CsE on the Immune Function in 
the Tumor-Bearing Mice 

The values (n=7) are presented as mean±SD; a, indicates significant at 
P < 0.05 vs Control group

Groups RBC count (×109/ml) Serum AST Level (U/L) Serum ALT Level (U/L) Serum GSH Level (mmol/ml)
Control 0.31±.12 181.22±25.3 62.7±7.7 5.70±1.7
CsE 300 0.40±.38 164.00±24.1 55.83±10.7 5.90±2.1
CsE 600 0.32±.13 166.00±29.1 60.80±3.5 5.90±.98
5-FU 0.15±.10a 198.17±42.5 67.78±10.9 2.44±.88a

The values (n=7) are presented as mean±SD; a, indicates significant at P < 0.05 vs Control group

Table 3. The Potential Toxicity of CsE in the Tumor-Bearing Mice

Figure 1. The Effect of CsE on Tumor Growth during 12-day Treatments in the CT26-Tumor-Bearing Mice. The 
lengths and widths of the tumors were measured individually every day and presented as an average for each group 
in tumor growth curve. 
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groups (p<0.05), but the difference between the control 
and 5-FU groups was not significant (Figure 3).

The Effect of CsE on organ function
We further studied the safety and potential toxicity 

of CsE on the hematologic (RBC) and nonhematologic 
(serum ALT and AST) parameters, in response to the CsE 
and 5-FU treatment. As shown in Table 3, CsE treatment 
did not make any significant change in the RBC count 
compared to the control group, while treatment with 5-FU 
significantly (p=0.010) reduced the RBC count compared 
to the control group. Thus, unlike 5-FU, treatment with 
CsE was not associated with hematological toxicity. 
However, no significant changes, which indicate liver 
toxicity, were observed in the serum AST and ALT levels 
in the treatment groups compared to the control one.

The Effect of CsE on GSH level 
Serum GSH level, as a main antioxidant parameter, 

was also measured in the CT26-tumor- bearing mice. As 

shown in Table 3, while the serum GSH level in the 5-FU 
group significantly decreased (P<0.05), CsE treatment 
did not shown reduction, compared to the control group.

The Effect of CsE on VEGF angiogenic marker 
Serum VEGF levels, as the main regulator which 

induces tumor angiogenesis, are represented in 
Figure 4. According to the results, CsE treatment 
significantly decreased the VEGF levels compared to the 
control and 5-FU groups (p<0.05), while the difference 
between the control and 5-FU groups was not significant.

Discussion

The selective anticancer properties and growth 
inhibitory effects of C. scabrum, a genus of the rough-tailed 
geckonid lizard of Iran, was approved for the first time 
in our previous studies (Amiri et al., 2015; Rashidi et al., 
2017). The present study was designed to have a better 
understanding of its anti-tumor properties, potential 

Figure 3. The Effect of CsE on the Serum TNF-α Level in the Tumor-Bearing Mice. a, indicates significance at 
P < 0.05 vs. Control group; b, indicates significant difference vs. 5-FU group. 

Figure 4. The effect of CsE on the serum VEGF level in the tumor-bearing mice. a, indicates significance at P < 0.05 
vs. Control group; b, indicates significant difference vs. 5-FU group. 
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toxicity, and possible mechanism for tumor suppression, 
in-vivo. For this purpose, we selected a colon cancer cell 
line, CT26, to establish BALB/c tumor-bearing mice. 
CT26 tumor-bearing mice have been used extensively 
in the literature, as a model of colorectal cancer (Tuo et 
al., 2020; Wei et al., 2018). The results obtained from 
this study indicated that the tumors of groups subjected 
to different concentrations (300 and 600 mg/kg BW) of 
CsE as well as 5-FU-treated group shrank significantly, 
compared to control group. These results are consistent 
with those of Liu et al.’s study on anti-tumor activities 
of one kind of Gecko powder on the tumor model of 
the mouse S180 sarcoma (Liu et al., 2008). While the 
unwanted side effects of 5-FU treatment are evident, we 
extended our investigation on CsE treatment to explore 
whether it may have negative side effects on the treated 
groups as well. Therefore, we evaluated some immune 
and hematopoietic parameters in the treatment groups. 
Immune system and hematopoietic system are two 
important sensitive systems that are the target of harmful 
effects of drugs on living organisms. It is well known that 
the thymus and spleen, as the main immune organs, play 
important roles in the immunity of the host. Therefore, a 
higher organ index indicated a stronger immune capability 
(Yin et al., 2007; Zhu et al., 2016). The toxic effect of 
drugs on hematopoietic system can be evaluated through 
measurement of blood parameters such as the total WBC 
and RBC count. The results obtained from this part of the 
study indicated that 5-FU, as a conventional chemotherapy 
agent, had adverse effects by the significant reduction in 
WBCs and RBCs in the peripheral blood and a decline 
in the spleen and thymus indexes as well. In close 
agreement with our results, Li et al., (2018) and Gelen 
and Şengül, (2018). Also reported immune suppression 
and cytopenia followed by 5-FU-treatment. Unlike the 
results of 5-FU-treated group, CsE exerted its antitumor 
effects without any immune suppression or cytopenia, 
indicating its prominence in immune safety. Moreover, 
the GSH marker, as a representative of antioxidant state, 
significantly reduced in the 5-FU-treated group compared 
to the CsE-treated and control groups and there was no 
difference in the GSH level in the CsE treatment groups 
compared to the control group. Taken together, these 
observations strongly indicate that CsE, as a natural 
source-based remedy, is a safer antitumor agent compared 
to 5-FU chemotherapy drug.

In order to further confirm the safety of CsE, we 
measured the activity of hepatic enzymes, ALT and AST, 
to assess the potential liver function or liver damage 
(Moreno, 2009). Fortunately, CsE consumption revealed 
no hepatotoxicity in the animals. Moreover, the mice 
treated with CsE demonstrated good physical activity 
and normal weight gain, while in the 5-FU group, two 
mice died and the rest had become very weak; in some 
cases, they were even unable to eat normally; these results 
also approved the safety of CsE, as a natural antitumor 
treatment, compared to 5-FU. 

To uncover the mechanism of tumor suppression and 
the possible role of gecko extract, as an anti-angiogenic 
and/or anti-inflammatory factor, we measured serum 
TNF-α and VEGF of the treatment groups. The results 

obtained from our study showed that the level of these 
factors decreased significantly following CsE, but not 
5-FU treatment, which suggests that the antitumor 
mechanisms of CsE is different from that of 5-FU. In close 
agreement with our results, there was the reduced level of 
TNF-α and VEGF following some Gecko species extract 
treatments in some in-vivo and in-vitro experiments (Song 
et al., 2012; Tang et al., 2015). Therefore, based on the 
results of our study, CsE treatment can lead to effective 
cancer treatment due to the reduction of pro-inflammatory 
cytokine TNF-α together with VEGF. However, there 
is a complicated interplay between inflammation and 
carcinogenesis. Most recent reports revealed a direct 
causal link between inflammation and carcinogenesis. 
During inflammation, cytokines are released by immune 
and stromal cells of the tumor by cell-to-cell signaling. 
Elevated expression of TNF-α, as a pro-inflammatory 
cytokine, is the characteristic of many malignant tumors 
and is associated with poor prognosis (Wu and Zhou, 
2009). Inflammation could lead to not only the induction 
of neoplastic transformation or promotion of tumor 
growth, but also recurrence after therapy. Inflammatory 
conditions also increase the production of growth factors 
such as VEGF, which increase angiogenesis and results in 
tumor growth and proliferation (Avraamides et al., 2008; 
Li et al., 2007). 

Limitations 
Further biochemical and Molecular studies are 

required for investigating the exact antitumor mechanisms 
of CsE treatment as well as exploring the active component 
of the extract. In addition, more extensive research should 
be conducted to verify and optimize CsE for using in 
Clinical trial. 

In conclusion, to the best of our knowledge, this is the 
first in-vivo experimental study to examine the anti-tumor 
effects of C. scabrum compared to 5-FU, an important 
chemotherapy agent. The most remarkable result emerging 
from our data is that C. scabrum is a valuable source 
of anti-cancer materials with no unwanted side effects, 
which possibly exerting its anti-tumor effects through 
anti-inflammatory and anti-angiogenic mechanisms. 
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