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Abstract

Background: Cancer remains a global health challenge, and natural plant-based compounds show potential in
prevention. Calligonum polygonoides Linn., a drought- and frost-resistant shrub native to the Thar desert, has adaptive
resilience and ethnomedicinal applications. This study explores C. polygonoides stem extract (CPSE) against DMBA-
induced two stage skin carcinogenesis in male Swiss albino mice. Methods: Skin carcinogenesis was induced in male
Swiss albino mice using a single topical application of carcinogen DMBA (100 pg/animal), followed by the application
of promotor croton oil (1% solution) thrice weekly as a tumour promoter, starting two weeks after DMBA initiation.
CPSE was orally administered at a dose of 600 mg/kg body weight/day (100 pL per animal). Tumour incidence, yield,
and burden were assessed, along with biochemical markers of oxidative stress in skin and liver tissues, including reduced
glutathione (GSH), catalase (CAT), superoxide dismutase (SOD), lipid peroxidation (LPO), total protein, and vitamin
C levels. Results: Mice treated with CPSE demonstrated a significant reduction in tumour incidence, yield, and burden
compared to the carcinogen-treated control group. Additionally, CPSE administration significantly modulated oxidative
stress and biochemical parameters in both skin and liver tissues. The CPSE-treated group exhibited decreased LPO
levels and elevated antioxidant enzyme activities (GSH, SOD, and CAT), along with elevated total protein content and
vitamin C levels, indicating enhanced systemic antioxidant defences. Conclusion: The findings of this study reveal the
significant cancer chemo-preventive potential of C. polygonoides stem extract. Its ability to reduce tumour progression
and modulate oxidative stress underscores its promise as a natural agent for cancer prevention. These results highlight
C. polygonoides as a potential source for the development of cost-effective and sustainable cancer prevention strategies.
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Introduction

Cancer is a disease condition characterized by
uncontrolled cell growth and the cells invade and spread
to distant parts of the body. It’s a leading cause of mortality
and morbidity globally, with millions of new incidents
and deaths annually [1]. Lifestyle factors such as poor
dietary habits, smoking, alcohol intake, lack of physical
activity, obesity, and chronic stress significantly contribute
to cancer risk, accounting for nearly 90-95% of all cases
[2]. Preventing cancer through lifestyle modifications
is crucial, particularly in low-income and developing
countries where access to advanced treatments is limited
[3]. Eating a healthy diet packed with whole grains,
veggies, fruits, and regular exercise, while avoiding
tobacco and limiting alcohol, can significantly lower
your cancer risk. Additionally, cancer chemoprevention
using synthetic or natural compounds to delay or inhibit
tumour development is emerging as a promising approach

to address the global cancer burden [4, 5].

Since ancient times, medicinal plants have been
recognized and utilized in traditional therapeutic
procedures. Human diseases can be prevented and
treated with the use of herbal plants [6]. Mixtures of
several chemical substances that can operate singly,
in combination, or in concert to enhance health are
commonly found in medicinal plants [7]. Several plants
have been explored for the anticancer potential and
reported with significant chemo-preventive potential
such as Vitis vinifera [8], Aloysia citrodora [9], Moringa
oleifera [10], Chlorophytum borivilianum [11], Syzygium
cumini [12] etc.

Calligonum polygonoides Linn. is a drought- and frost-
resistant shrub of the Polygonaceae family, adapted to
arid desert conditions [13]. The plant’s distribution spans
North Africa, Southern Europe, and Western Asia, with its
diversity centred in desert regions. In India, it is primarily
found in Western Rajasthan and Southern Punjab, thriving
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in districts like Jaisalmer, Barmer, Bikaner, and Jaipur,
where it contributes to the desert ecosystem’s resilience
[14]. Phytochemical screening of C. polygonoides
revealed a high concentration of tannins, carbohydrates,
and phenolic compounds in its roots, stems, flowers,
and buds. Additionally, significant amounts of steroids,
saponins, and terpenoids were identified in the roots,
stems, buds, flowers, and seeds, along with a moderate
presence of alkaloids in the roots, buds, and seeds. These
findings highlight the rich phytochemical composition
of C. polygonoides [15]. It has been determined that
C. polygonoides is a storehouse of several phytochemicals
with substantial potential for therapeutic uses. The
significance of investigating the therapeutic potential of
phyto-compounds from C. polygonoides is highlighted by
the lengthy history of using plant extracts for therapeutic
purposes [16]. This study intended to evaluate the chemo-
preventive potential of C. polygonoides stem extract using
two stage skin carcinogenesis in mouse model system.

Materials and Methods

Chemicals

Analytical-grade chemicals were utilized throughout
this study and procured from well-established suppliers
in India. The promoter croton oil and the initiator
7,12-dimethylbenz(a)anthracene (DMBA), were acquired
from Sigma Chemical Company, USA.

Experimental Animals and Ethical Approval

The experiments were conducted following approval
from Institutional Animal Ethical Committee, Department
of Zoology, University of Rajasthan, Jaipur, in compliance
with CPCSEA guidelines, Government of India. Male
Swiss albino mice (7-8 weeks old, 24 + 2 g) were
obtained from the National Institute of Pharmaceutical
Education and Research (NIPER) Punjab, India. Mice
were housed in polypropylene cages under controlled
lighting condition (14 hours light:10 hours dark) and
temperature (25 + 2°C) in the departmental animal house.
They were provided with a regular mice diet (Aashirwad
Industries, Chandigarh, India) and water ad libitum. Prior
to experimentation, the mice were isolated for seven days
to acclimatize and screen for any illnesses. Only healthy,
acclimatized animals were used for the study.

Plant Material and Extract Preparation

The stems of Calligonum polygonoides were collected
from Chelak Village, Jaisalmer District, Rajasthan,
India (26.508917°N, 70.908462°E), during winter, and
authenticated with a voucher specimen (RUBL-211762)
preserved in the herbarium of the Department of Botany,
University of Rajasthan, Jaipur. A hydroalcoholic extract
of the stems was prepared using Soxhlet extraction for
72 hours with a 3:1 methanol-water solvent mixture
to maximize the yield of bioactive compounds. The
Calligonum polygonoides stems extract (CPSE) was
concentrated by evaporating the solvent, dried, and
stored in an airtight container at room temperature. For
experiments, the extract was reconstituted in distilled
water before oral administration.

1832 Asian Pacific Journal of Cancer Prevention, Vol 26

Optimum Dose Selection

The optimum dose of CPSE was determined by
administering it orally in distilled deionized water (DDW)
at varying doses. Healthy Swiss albino mice were divided
into five groups and received oral gavage doses of 200,
400, 600, and 800 mg/kg body weight per day for 30 days.
During this period, the mice were closely monitored for
signs of illness, mortality, behavioural abnormalities, and
morphological changes. On the 30th day, the animals
were sacrificed via cervical dislocation, and their skin and
liver tissues were analysed for lipid peroxidation (LPO)
and reduced glutathione (GSH) levels. Based on these
evaluations, the optimum dose of CPSE for Swiss albino
mice was determined.

Induction of Tumour

Animals were treated with carcinogen for induction
of tumour on dorsal surface, for better application
of carcinogen interscapular area were shaved
prior to application of carcinogen. The carcinogen
7,12-dimethylbenz(a)anthracene (DMBA) was dissolved
in analytical grade acetone at a concentration of 2 mg/
ml, and 50 pl of this solution was applied topically to
the dorsal surface of each mouse to induce tumours. Two
weeks after initiation with DMBA three times a week
treatment of 100 pl croton oil at 1% v/v concentration was
given up to 14 weeks on the same area of dorsal surface
of mice where DMBA was applied [17].

Cancer Chemo-prevention Study

To evaluate cancer chemo-preventive potential of
CPSE male Swiss albino mice were allotted into five
groups, with each group having five mice and the treatment
groups given CPSE through oral gavage in DDW at the
dose 600mg/kg body weight daily as shown in Figure 1.

Normal Group
Animals were not given any treatment neither
carcinogen nor the CPSE treatment.

Carcinogen control Group
Animals were treated with carcinogen and no CPSE
treatment was given.

Pre-treatment Group

Animals received carcinogen treatment same as
carcinogen control group, in addition to that mice
were treated with CPSE for two weeks prior to DMBA
application.

Post-treatment Group

Mice of this group first received DMBA and croton oil
treatment in similar manner as given to carcinogen control
group and CPSE given orally for 16 weeks from next day
of DMBA application to till the end of the experiment.

Throughout-treatment Group

Mice of this group treated with CPSE from start of
the experiment (before two weeks of DMBA application)
to till the termination of the experiment i.e. 18 weeks.
DMBA and croton oil treated in similar manner as given
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Figure 1. Graphical Representation of Experimental Groups for the Study of Cancer Chemo-Preventive Potential of

C. polygonoides Stem Extract (CPSE).

to animals of carcinogen control group.

Animals of all the experimental groups were observed
regularly for any sign of illness, mortality, behavioural
abnormality, morphological alteration and presence of
skin papilloma or tumour.

Following morphological and biochemical parameters
were studied to evaluate cancer chemo-preventive
potential of C. polygonoides stem extract.

Morphological parameters

All the animals were carefully examining regularly
for any abnormality, appearance of papilloma on dorsal
surface of mice. Tumour was defined as lesions with a
diameter larger than 1mm that persisted for at least one
week. Following tumour indexes were calculated from
the experimental data.

Tumour incidence
The percentage incidence was calculated as the number

of mice carrying one or more papilloma.

Tumour yield
The average number of papilloma per mouse.

Tumour burden
The average number of papilloma per papilloma-
bearing mouse.

Average latent period
The time in which 50% of animals has at least one
tumour.

Biochemical study

Sacrificed the animals from each group by cervical
dislocation, and the tumour-affected dorsal skin and liver
were promptly removed and carefully cleaned with cooled
0.9% saline. Tissue cleaned with cold saline was used
for further biochemical analysis. Following biochemical
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parameters were studied:

Lipid peroxidation

The thiobarbituric acid reactive substances (TBARS)
assay, as described by Ohkhawa et al. [18] was used
to measure lipid peroxidation spectrophotometrically.
Tissue homogenate was treated with thiobarbituric acid,
sodium dodecyl sulphate, and trichloroacetic acid, then
heated at 90°C for one hour. The cooled mixture was
separated with n-butanol-pyridine (15:1), and optical
density was measured at 532 nm. Lipid peroxidation
levels were presented as nmol/mg of tissue using
1,1,3,3-tetramethoxypropane (TMP) as the standard.

Reduced glutathione

The method by Moron et al. [19] was used to measure
GSH as the total nonprotein sulfhydryl group. Tissue
homogenates were treated with 25% trichloroacetic acid
(TCA) to precipitate proteins, followed by centrifugation.
The supernatant was reacted with 0.6 mM DTNB in 0.2 M
phosphate buffer (pH 8.0), and absorbance was recorded
at412 nmusing a UV-VIS spectrophotometer. GSH levels
were expressed in pmol/g tissue, with reduced GSH as
the standard.

Catalase

The Aebi [20] technique was used to measure the
catalase activity. The homogenate was prepared using
phosphate buffer (50 mM) and centrifuged. Using
spectrophotometry, the change in absorbance was detected
at 240 nm. The enzyme’s activity was measured in
U/mg of tissue, where U was defined as pmol of H,O,
disappearance/min. Standard curve was obtained by using
tetra-methoxy propane (TMP).

Superoxide dismutase

The level of enzyme superoxide dismutase (SOD) was
estimated using the Marklund & Marklund, [21] method,
which involved quantifying the inhibition of pyrogallol
auto-oxidation and expressing the results as units/mg
protein. The oxidation of pyrogallol was monitored by
measuring the rise in absorbance at 420 nm in a Tris-HCl
buffer (50 mM, pH 7.5).

Total proteins

The concentration of protein in the samples was
quantified using the Lowry et al. [22] method . This
involves the formation of a cupric-protein complex when
the sample’s protein reacts with basic copper tartrate.
The blue colour produced is because of the reduction of
phosphomolybdic and phosphotungstic acids in Folin’s
reagent by aromatic amino acids. The absorbance of the
complex was recorded at 620 nm, and protein content
was reported in mg/ml, using bovine serum albumin as
a standard.

Vitamin C

The liver and skin tissues were weighed, homogenized
in 20 mg/mL acetate buffer, extracted with cold 4%
trichloroacetic acid, then centrifuged, and filtered to
complete the process. The ascorbic acid was measured
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using the Roe & Kuether, 1943 method [23].

Statistical Analysis

The data from all the experimental groups were
presented as mean + standard deviation. The student’s
t-test was employed to statistically compare all the
mentioned parameters across the various groups, and
the significance levels of the biochemical parameters
were determined. The p<0.001 considered very highly
significant, p<0.01considered as highly significant, p<0.05
considered as significant and p>0.05 considered as non-
significant.

Results

Optimum Dose Selection

Animal of all the groups well tolerated the CPSE
up to dose of 800mg/kg body weight, no mortality or
morbidity was observed. Animals treated with 600mg/kg
body weight shows lowest LPO level in skin (3.38+0.22)
and liver (5.44+0.24) compared to skin (5.67+0.15) and
liver (10.35+0.31) of 200, skin (4.67+0.11) and liver
(8.09+0.23) 0f 400, skin (3.83+0.26) and liver (6.53+0.19)
of 800mg/kg body weight (Figure 2). GSH content
was higher in skin (8+0.32) and liver (14.37+0.64) of
600mg/kg body weight animal group compared to skin
(6.46+0.37) and liver (9.77£0.59) 0f 200, skin (7.24+0.27)
and liver (12.37+0.28) of 400, skin (7.23+0.24) and liver
(13.31£0.18) of 800mg/kg body weight animal groups
(Figure 3). Therefor 600mg/kg body weight dose of
CPSE was selected for study of cancer chemo preventive
potential of CPSE.

Morphological parameters

A significant reduction in tumour incidence was
observed across all CPSE-treated groups pre-treatment
group (50%), post-treatment group (75%) and throughout-
treatment group (16.66%), compared to 100% in the
control group (Figure 4). The tumour yield for groups pre-
treatment, post-treatment, and throughout-treatment found
0.66, 1.75, and 0.33 respectively, compared to 2 for the
control group. The tumour burden for groups pre-treatment
group, post-treatment group, and throughout-treatment
group was 1.33, 2.33, and 2, respectively, compared to
2.4 in the control group (Figure 5). The average latent
period for CPSE-treated groups pre-treatment group,
post-treatment group, and throughout-treatment group was
16, 15 and 16 weeks respectively, compared to a shorter
average latent period of 11 weeks in the carcinogen control
group (Figure 6). Photograph of the experimental mice
from each group is shown in Figure 7.

Biochemical study
Lipid peroxidation

Carcinogen control group showed significant increase
in LPO level compared to normal group’s skin (5.67+0.51)
and liver (4.94+0.79) tissue. Animals receiving CPSE
showed significant reduction in lipid peroxidation content
in skin of all three groups, throughout-treatment group
(2.31 = 1.36 nmole/mg tissue), pre-treatment group
(3.46 £ 1.22 nmole/mg tissue), post-treatment group
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Figure 2. Effect of Different Concentration of CPSE on Lipid Peroxidation (LPO) Level in Skin and Liver of Mice
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Figure 4. Variations in the Tumour Incidences after CPSE Treatment Compared to the Control Group

group’s skin (5.53+1.93) and liver (4.73+0.30) tissue.
Animals receiving CPSE showed significant increase in
reduced glutathione content in skin of all three groups
throughout-treatment group (6.17+1.17 pmol/gm tissue),
pre-treatment group (5.914+0.35 pmol/gm tissue), post-
treatment group (3.11£0.62 umol/gm tissue) compared
to carcinogen control group (2.12+0.31 pmol/gm tissue).

An increase in liver GSH content was observed across
all three groups: throughout-treatment group (5.66 £ 1.28
pmol/g tissue), pre-treatment group (5.40 + 1.09 pmol/g
tissue), and post-treatment group (2.68 £ 0.12 pmol/g
tissue), compared with carcinogen control group (2.07 +
0.33 umol/g tissue) (Supplementary Figure 2).

G 3
2.5
z >
N &
1.5 :
g - +*
+
I
. 1 *
. :
20.5 + +
e * *
= +* +*
Control Pre

TUMOUR YIELD & TUMOUR BURDEN

treatment treatment treatment

GROUPS

(22T T T2 LR T
]

£l

Fost Throughout

ETUMOUE YIELD
8 TUMOUR BURDEN
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Figure 7. Photographs Showing Papilloma on Dorsal Surface of Mice from Different Experimental Groups.

Catalase

The catalase content in the carcinogen control group
was significantly lower compared to the normal group’s
skin (69.50+33.69) and liver (57.88+11.27). Animals
receiving CPSE showed significant increase in catalase
activity in skin of all three groups throughout-treatment
group (72.16+20.57), pre-treatment group (97.5+31.30),
post-treatment group (60.89+7.14) compared to carcinogen
control group (22.45+7.36). Compared to the carcinogen
control group (21.54+5.88), all three groups showed
increased catalase activity in liver during throughout-
treatment (72.19+11.27), pre-treatment (86.50+16.84),
as well as post-treatment (63.84+2.96) expressed as U/
mg tissue (Supplementary Figure 3).

Superoxide dismutase

Animals treated with carcinogen exhibited a substantial
reduction in superoxide dismutase (SOD) content
compared to the normal group’s skin (24.93£1.69) and

liver (10.79+0.47). Animals receiving CPSE showed
significant increase in SOD activity in skin of all three
groups throughout-treatment group (20.94+0.34), pre-
treatment group (17.60+0.70), post-treatment group
(9.2+0.86) compared to carcinogen control group
(4.884+0.23). In comparison to the carcinogen control
group (5.35%0.15), the liver SOD activity increased in all
three groups throughout-treatment group (18.77+0.26),
pre-treatment group (15.77+0.46), post-treatment group
(10.29+0.37) (Supplementary Figure 4).

Total proteins

Carcinogen control group exhibited a reduction in
total protein content compared to the normal group’s skin
(21.90+5.48) and liver (15.49+1.67). Animals receiving
CPSE showed significant increase in total protein content
in skin of all three groups throughout-treatment group
(25.45+5.06), pre-treatment group (24.41+2.84), post-
treatment group (18.58+0.59) compared to carcinogen
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control group (13.31+1.34). Rise in total protein content
of liver was observed in all three groups: throughout-
treatment group (16.23 + 2.56), pre-treatment group
(15.68 £2.01), and post-treatment group (14.68 = 1.98),
compared to the carcinogen control group (14.40 + 1.39)
(Supplementary Figure 5).

Vitamin C

The carcinogen control group had a lower vitamin C
content compared to the normal group’s skin (0.42+0.05)
and liver (0.32+0.01). Animals receiving CPSE showed
increase in Vitamin C level in skin of all three groups
throughout-treatment group (0.46+0.05), pre-treatment
group (0.46+0.12), post-treatment group (0.36+0.01) in
comparison with carcinogen control group (0.33+0.06).
Compared to the carcinogen control group (0.27+0.01),
all three groups showed an increase in their liver’s vitamin
C levels: throughout-treatment group (0.40+0.02), pre-
treatment group (0.30+0.01), and post-treatment group
(0.31£0.03) (Supplementary Figure 6).

Discussion

The study demonstrated that Calligonum polygonoides
stem extract (CPSE) effectively reduced oxidative stress
and provided protection against DMBA and croton
oil induced skin cancer. CPSE treatment significantly
decrease the incidence and number of cutaneous
papilloma, with the highest papilloma inhibition observed
in the treatment group receiving CPSE throughout the
experiment. This protective effect may be attributed to
the inhibition of DMBA activation or the suppression
of ROS generation, delaying the promotion phase of
carcinogenesis [24]. CPSE extract significantly inhibited
the progression of DMBA and croton oil induced skin
carcinogenesis in mice, demonstrating a marked reduction
in both tumour yield, tumour burden and incidence.
Literature supports that naturally occurring compounds
can prevent carcinogenesis by reducing neoplasia
expression or blocking the activation of carcinogens
from their precursors [25]. Animals treated with CPSE
throughout the study showed the most significant benefits,
although tumour incidence was more effectively reduced
during the pre-treatment phase than the promotion phase.
Additionally, CPSE treatment delayed the latency period
of tumour development compared to the carcinogen
control group it suggests that CPSE significantly hinder
the mechanism of carcinogenesis. Earlier studies have
demonstrated that certain plants have chemoprotective
qualities by interfering with the various phases of multistep
skin carcinogenesis, including tumour promotion [26].
Therefore, it can be assumed that CPSE may function
similarly to raise the average latency duration of tumour
development, prolonging the promotional stage by
deferring tumour formation and lowering the frequency
of tumours in mice’s skin.

Antioxidant Glutathione (GSH) acts as a key to
combat reactive oxygen species (ROS). In the DMBA-
treated control group, decreased GSH levels indicate
oxidative stress, further exacerbated by reduced
activity of antioxidant enzymes like catalase (CAT) and
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superoxide dismutase (SOD) in malignant lesions. This
imbalance, along with low GSH levels, increases tissue
susceptibility to lipid peroxidation [27]. Frequent intake
of fruits and vegetables has been correlated to a lower
risk of developing cancer [28]. Many compounds, both
synthetic and natural, may be chemo-preventive against
cancer by preventing mutagenesis, hyperproliferation,
differentiation, or apoptosis [29]. The current study
shows that oral CPSE administration during papilloma
genesis significantly lowers the incidence of DMBA
croton oil induced skin papilloma in mice after 18
weeks without harmful side effects. Flavonoids and
other phytochemicals’ antioxidant qualities may protect
tissues from lipid peroxidation and oxygen-derived free
radicals linked to cancer and chronic inflammation [30].
An analysis of the total flavonoid, total phenolic, and
antioxidant activity of several parts of C. polygonoides
revealed that rich source of these phytoconstituents [31].
Similarly, the current study’s findings demonstrated a
large decrease in lipid peroxidation in liver and skin of
the groups which received CPSE, as well as a significant
increase in GSH and catalase levels. As antioxidants,
flavonoids and other phytochemicals included in CPSE
may therefore help to prevent diseases like cancer that
are brought on by free radicals.

The two primary stages of carcinogenesis initiation
and propagation are known to be brought on by lipid
peroxidation, a free radical chain reaction. It’s a very
damaging process. Lipid peroxidation increases during
the carcinogenic process, resulting in the formation of
increasingly complex and reactive chemicals including
4-hydroxynonenal and malondialdehyde (MDA). These
lipid peroxidation products have been shown to be
carcinogenic and mutagenic. As a result, substances that
might lower free radical generation in vivo might be
thought of as having chemo-preventive potential [32].
In the current study, mice given DMBA, and croton oil
had considerably lower levels of LPO after receiving
CPSE, which in turn resulting in a lower incidence of skin
tumours. Generally thought as the first line of defence
versus free radical stress, antioxidants can help lower the
chances of oxidative damage caused by carcinogenesis.
Together, the antioxidant enzymes catalase and SOD offer
a protective barrier against reactive oxygen species (ROS)
[33]. Similarly, the CPSE-treated group to the control
group, the current study demonstrates a considerable
increase in GSH, SOD, and catalase levels.

CPSE supplementation restored the oxidant-
antioxidant balance in tumour-bearing mice by reducing
ROS generation, delaying carcinogenesis, and inhibiting
DMBA activation. DMBA-treated mice exhibited
decreased antioxidant capacity and increased lipid
peroxidation, linked to ROS overproduction. CPSE’s
chemo-preventive action is attributed to its secondary
metabolites, such as tannins, alkaloids, saponins,
flavonoids, and phenols, which enhance antioxidant
defence and mitigate oxidative stress.

In conclusion, According to the findings of the current
investigation, oral administration of the antioxidant-rich
stem extract of C. polygonoides may be an essential
component of a healthy lifestyle strategy to increase



resistance to skin cancer. The active components in
CPSE may have prevented chemically induced skin
carcinogenesis significantly in Swiss albino mice by
scavenging free radicals, reducing oxidative stress.

Author Contribution Statement

Mr. Gyan Prakash Meghwal conducted the experiments,
analysed the results, and contributed to manuscript
preparation. Mr. Mahendra Kumar Jeengar, Ms. Shivani
Jangir, and Mr. Kamlesh Kumar Sharma assisted in
performing the experiments and contributed to manuscript
preparation. Dr. Priyadarshi Meena and Dr. Dev Dutt
Patel conceptualized and designed the experimental plan,
reviewed the results, and critically revised the manuscript.

Acknowledgements

General

The authors sincerely acknowledge the University
Grant Commission (UGC), New Delhi, India, for
providing financial support to one of the authors. Gratitude
is also extended to the Department of Zoology, University
of Rajasthan, Jaipur, for providing the essential facilities
and resources required to carry out this study.

Approval

This study is part of the PhD thesis and approved by
the departmental research committee (DRC), Department
of Zoology, University of Rajasthan, Jaipur.

Ethical Declaration

This study was ethically approved from Institutional
Animal Ethical Committee, Department of Zoology,
University of Rajasthan, Jaipur (Protocol approval no.
UDZ/2021/17 dated 18 Dec. 2021) and management
were carried out in compliance with the guidelines of
Committee for the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA), Ministry of
Environment, Government of India, India.

Conflict of Interest
Authors declare no conflict of interest.

References

1.Jain A, Madu CO, Lu Y. Phytochemicals in chemoprevention:
A cost-effective complementary approach. J Cancer.
2021;12(12):3686-700. https://doi.org/10.7150/jca.57776.

2. Anand P, Kunnumakkara AB, Sundaram C, Harikumar
KB, Tharakan ST, Lai OS, et al. Cancer is a preventable
disease that requires major lifestyle changes. Pharm Res.
2008;25(9):2097-116. https://doi.org/10.1007/s11095-008-
9661-9.

3. Shah SC, Kayamba V, Peek RM, Jr., Heimburger D. Cancer
control in low- and middle-income countries: Is it time to
consider screening? J Glob Oncol. 2019;5:1-8. https://doi.
org/10.1200/jg0.18.00200.

4. Reddy L, Odhav B, Bhoola KD. Natural products for
cancer prevention: A global perspective. Pharmacol
Ther. 2003;99(1):1-13. https://doi.org/10.1016/s0163-
7258(03)00042-1.

DOI:10.31557/APJCP.2025.26.5.1831

Cancer Chemo-Preventive Potential of Calligonum polygonoides.

5. G MS, Swetha M, Keerthana CK, Rayginia TP, Anto RJ.
Cancer chemoprevention: A strategic approach using
phytochemicals. Front Pharmacol. 2021;12:809308. https://
doi.org/10.3389/fphar.2021.809308.

6. Niazi P, Monib A. The role of plants in traditional and modern
medicine. J Pharmacogn Phytochem. 2024;13:643-7. https://
doi.org/10.22271/phyto.2024.v13.i2d.14905.

7. Fakim ag. Small island developing states of the indian
ocean: Towards an action plan for medicinal plants. Asian
biotechnol dev rev. 2011;13(3):1-5.

8. Tsantila EM, Esslinger N, Christou M, Papageorgis P,
Neophytou CM. Antioxidant and anticancer activity of vitis
vinifera extracts in breast cell lines. Life (Basel). 2024;14(2).
https://doi.org/10.3390/1ife14020228.

9. Medeiros-Fonseca B, Faustino-Rocha Al, Silva J, Silva MG,
Pires MJ, Neuparth MJ, et al. Aloysia citrodora extract as
a chemopreventive agent against hpv16-induced lesions:
Findings from k14-hpv16 mice. Explore Med. 2024;5(3):416-
33. https://doi.org/10.37349/emed.2024.00228.

10. Saradha s, abitha r, prasath kh, logithkumar s, vijayashree
r, devi ts, et al. Assessment of anticancer activity of crude
ethanolic extracts of moringa oleifera pod and leaves on
7,12 - dimethylbenz anthracene induced skin cancer in mice.
Biomed Pharmacol J. 2024;17(1):243-251.

11. Kumar M, Meena P, Verma S, Kumar M, Kumar A. Anti-
tumour, anti-mutagenic and chemomodulatory potential
of chlorophytum borivilianum. Asian Pac J Cancer Prev.
2010;11(2):327-34.

12. Parmar J, Sharma P, Verma P, Goyal PK. Chemopreventive
action of syzygium cumini on dmba-induced skin
papillomagenesis in mice. Asian Pac J Cancer Prev.
2010;11(1):261-5.

13. Purohit C, Kumar R. A review on genus calligonum from
india and report calligonum crinitum an addition for
flora of india. J Asia-Pac biodivers. 2020;13. https://doi.
org/10.1016/j.japb.2020.03.002.

14. Kumar m, tiwari m, mohil p, bharti v, jain u. Calligonum
polygonoides linn; an important shrub species in thar desert
of india. Indian j plant sci. 2015;4:63-66.

15. Samejo M, Memon S, Bhanger M, Khan K. Preliminary
phytochemicals screening of calligonum polygonoides linn.
J Pharm Res. 2011;4:4402-3.

16. Meghwal Gp, Jeengar Mk, Patel Dd, Meena P. Phog: A
nutraceutical shrub of thar desert. J pharmacogn phytochem
2024;13(4):161-166. Https://doi.Org/10.22271/phyto.2024.
V13.14b.15007.

17. Prashar r, kumar a. Chemopreventive action of ocimum
sanctum on dmba induced pappilomagenesis in the skin of
mice. Intjpharmacogn. 1995;33(2):181-187.

18. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal
Biochem. 1979;95(2):351-8. https://doi.org/10.1016/0003-
2697(79)90738-3.

19. Moron MS, Depierre JW, Mannervik B. Levels of glutathione,
glutathione reductase and glutathione s-transferase activities
inrat lung and liver. Biochim Biophys Acta. 1979;582(1):67-
78. https://doi.org/10.1016/0304-4165(79)90289-7.

20. Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-
6. https://doi.org/10.1016/s0076-6879(84)05016-3.

21. Marklund S, Marklund G. Involvement of the superoxide anion
radical in the autoxidation of pyrogallol and a convenient assay
for superoxide dismutase. Eur J Biochem. 1974;47(3):469-
74. https://doi.org/10.1111/j.1432-1033.1974.tb03714 x.

22. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the folin phenol reagent. J Biol Chem.
1951;193(1):265-75.

23.Roe jh, kuether ca. The determination of ascorbic acid in whole

Asian Pacific Journal of Cancer Prevention, Vol 26 1839



Gyan Prakash Meghwal et al

24.

25.

26.

blood and urine through the 2,4-dinitrophenylhydrazine
derivative of dehydro ascorbic acid. J biol chem.1943;147:399-
407.

Kausar H, Bhasin G, Zargar MA, Athar M. Palm oil
alleviates 12-o-tetradecanoyl-phorbol-13-acetate-induced
tumor promotion response in murine skin. Cancer Lett.
2003;192(2):151-60. https://doi.org/10.1016/s0304-
3835(02)00711-5.

Wattenberg LW. Inhibition of neoplasia by minor dietary
constituents. Cancer Res. 1983;43(5 Suppl):2448s-53s.
Zhao J, Wang J, Chen Y, Agarwal R. Anti-tumor-
promoting activity of a polyphenolic fraction isolated
from grape seeds in the mouse skin two-stage initiation-
promotion protocol and identification of procyanidin b5-
3’-gallate as the most effective antioxidant constituent.
Carcinogenesis. 1999:;20(9):1737-45. https://doi.
org/10.1093/carcin/20.9.1737.

27. Wang D, Wu H, Yang G, Qian C, Gu L, Wang H, et al. Metal-

28.

organic framework derived multicomponent nanoagent
as a reactive oxygen species amplifier for enhanced
photodynamic therapy. ACS Nano. 2020;14(10):13500-11.
https://doi.org/10.1021/acsnano.0c05499.

Russo M, Tedesco I, lacomino G, Palumbo R, Galano G,
Russo GL. Dietary phytochemicals in chemoprevention of
cancer. Curr Med Chem Immun Endoc and Metab Agents.
2005 Feb 1;5(1):61-72.

29. Kelloff GJ. Perspectives on cancer chemoprevention research

30.

31.

and drug development. Adv Cancer Res. 2000;78:199-334.
https://doi.org/10.1016/s0065-230x(08)61026-x.
Halliwell B. Free radicals, antioxidants, and human
disease: Curiosity, cause, or consequence? Lancet.
1994;344(8924):721-4. https://doi.org/10.1016/s0140-
6736(94)92211-x.

Ahmed H, Moawad A, Owis A, AbouZid S. Antioxidant
capacity and hplc determination of phenolic in different
organs of calligonum polygonoides subspecies comosum. J
Rep Pharm Sci. 2020;9:251. https://doi.org/10.4103/jrptps.
JRPTPS_23_19.

32. Oto G, Ekin S, Ozdemir H, Demir H, Yasar S, Levent A, et

al. Plantago major protective effects on antioxidant status
after administration of 7,12-dimethylbenz(a)anthracene in
rats. Asian Pac J Cancer Prev. 2011;12(2):531-5.

33. Parmar j, sharma p, verma p. Anti-tumour and antioxidative

activity of rosmarinus officinalis in 7, 12 dimethyl benz(a)
anthracene induced skin carcinogenesis in mice. Am j
biomed sci. 2011;3:199-209.

Glolsl

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

1840 Asian Pacific Journal of Cancer Prevention, Vol 26



