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Abstract

Objective: More than 50% of human cancers show mutated TP53 gene. Reactivation or restoration of p53
mutations is viewed as a potential approach for treating cancer. The objective of the present study was to determine
whether ursolic acid (UA) could effectively restore the pS3 mutations to their wild type or normal state and
upregulate its expression. Methods: The animals were divided into 3 groups, each with 10 mice. Group [ was the
negative control which received normal saline with 1% dimethyl sulfoxide (DMSO). Group II was the positive
control which received cyclophosphamide (CP) (50mg/kg bw) intrapritonealy for 4 days continuously after which
the animals were kept on normal saline for the rest 10 days. The treatment group received cyclophosphamide (CP)
initially for the first 4 successive days intraperitoneally (50mg/kg bw) and then ursolic acid (UA) (60 mg/kg bw)
orally for the next 10 days (post-treatment). Isolated DNA was used in Sanger sequencing of the polymerase
chain reaction (PCR) amplified product of the TP53 gene. Results: Our study demonstrated that UA treatment
post CP injection had a restoration efficacy of 89.08%. The molecule, in this investigation, was able to restore
the wild type (normal) conformation to the mutations induced by cyclophosphamide in the TP53 gene. 89.08 %
mutations converted back to their normal or wild-type forms in the treatment group. Conclusion: Several
investigations have been carried out on this molecule and have indicated UA as a promising chemopreventive
agent. The most frequently mutated gene in any type of cancer is the tumor suppressor p53 and UA has shown
a potential in functional restoration of the mutated p53 protein. p53 is known to play a vital role in apoptosis and
the p53 dependent apoptotic pathway is of prime importance in cancer therapy. Though there has been pioneering
work on PRIMA-1 and thiosemicarbazones, identification and development of additional molecules is required.
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Introduction

Acting as the major barrier to the malignant
transformations and tumor progression, p53 tumor
suppressor gene is truly called the “Guardian of the
genome”. p53 plays a pivotal role in regulating the
cell division and growth, apoptosis and cell cycle
blockade, senescence or differentiation in response to
varied environmental stresses, thus maintaining the
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genetic stability. Other roles assigned to p53 include,
DNA damage correction, autophagy, proliferation [1-3],
inhibition of epithelial to mesenchymal transition and
other activities preceding metastasis [4-6].

In recent years it has been studied that the primary
target and the frequently altered gene by the environmental
mutagens, of most human and animal cancers has been the
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TP53 gene encoding p53 protein. Mutations in other tumor
suppressor genes generally include deletion or truncation
leading to cancer. However, the mutations in TP53 allele
are predominantly missence mutations leading to the
expression of full length p53 mutant protein. Majority of
the tumor suppressor genes like RB, APC, BRCA1, get
inactivated when mutated, however TP53 when mutated,
in addition to the loss of wild type p53 functions, in a
dominant negative (DN) manner forms heterotetramers
with the unmutated wild type p53 expressed from the
other wild type alleles [7, 8]. In short, the mutation in
wild type p53 leads to the neomorphic gain of function
(GOF) [9] in p53. p53 in this case loses its wild type
function and gains a new dominant phenotypic expression
which actually contributes to the acquisition of oncogenic
properties [10, 11]. Most important addition to it is that the
mutation in the TP53 gene could diminish the effectiveness
of chemotherapy including agents like doxorubicin,
tenozolomide, tamoxifen and gemcitabine [12]. Several
studies have explained this occurrence of drug resistance
[13]. The inactivation of p53 is the prior requirement for
the cancer progression [14-16]. Therefore reactivation of
the p53 mutations appears to be an attractive strategy for
cancer therapy. Restoration of the wild-type functions
should not only re-enable tumor suppressor function
but also eliminate the oncomorphic gain of function of
the mutant p53. Owing to p53’s critical role in therapy
response, in recent years, many promising studies have
been proposed where in mutant p53 function has been
re-established by certain drug leads [14, 17-21]. One such
compound is the APR-246, also known as eprenetapopt
or PRIMA-1MET, a derivative of PRIMA 1, which is the
most studied of these compounds and has advanced to
several clinical studies. Although several such molecules
have been identified, additional classes of compounds are
highly required.

Cancer has been the leading cause of deaths in the
world with 9.6 million deaths recorded in 2018 [22]. Even
the conventional therapies for cancer like chemotherapy,
radiotherapy, endocrine therapy and targeted therapy
have their serious limitations which include severe
side effects and dose limiting toxicities [23]. In the past
few years, this approach has shifted to the diverse flora
breathing in the nature which has shown its potential in
treating a huge variety of diseases including cancer from
time to time. The chemopreventive agents produced by
the plants are the various secondary meatbolites such as
polyphenols, isoprenoids, alkaloids, sulphoraphanes and
certain vitamins and their precursors [24, 25].

Terpenes are one such class of compounds which
have a wide occurrence in the flora on earth [26].
Ursolic acid (UA) is a natural pentacyclic triterpenoid
compound possessing diverse pharmacological activities
including neuroprotection, anticancer, antimicrobial,
hepatoprotection, anti-inflammatory, antioxidative and
regulating blood glucose [27-30].

This study involved the study of ameliorative
effect of the isolated molecule, ursolic acid from a
promising antimutagenic plant Morina coulteriana, on
p53 expression against the cyclophosphamide induced
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mutations.

Materials and Methods

Materials

Cyclophosphamide (CP) was obtained from Sigma
Aldrich Co. Oligonucleotide primers were synthesized
by Biokart India Pvt. Ltd., Karnataka, India. Ursolic Acid
was isolated from the plant Morina coulteriana using
chromatographic techniques. Purity of the compound
was determined by CNMR (Carbon-13 nuclear
magnetic resonance) and HPLC (high-performance
liquid chromatography). All others chemicals used in the
experiment were of analytical grade from Sigma Aldrich.

Experimental design

Thirty, 6-8 week old, Balb/c mice with body weight
25-30 g of both the sexes were used in the experiment.
The animals were procured from the Indian Institute of
Integrative Medicine (IIIM), Jammu, J & K. The animals
were maintained under standard conditions of temperature
(22+2° C) and relative humidity (55+10 %) with 12 h light/
dark cycle. The animals were given standard pellet diet
and water ad libitum. The whole experiment was carried
out according to the guidelines given by the Committee
for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA). The experiment was approved by
the Institutional Animals Ethics Committee [F (IAEC-
Approval) KU/2017/21].

The animals were allocated into 3 groups, each of 10
mice. Group I was the negative control which received
normal saline (with 1% DMSO). Group II was the positive
control which received cyclophosphamide (50mg/kg bw)
intraperitonealy for 4 days continuously after which the
animals were kept on normal saline for the rest 10 days.
Group III was the treatment group which received CP
initially for the first 4 successive days and then UA (60
mg/kg bw) for the next 10 days.

Sampling

24 h post last treatment, 65-100 pl of blood was taken
by retro-orbital bleed with a heparinized microcapillary
tube from the animals. Blood was immediately stored into
a 1.5 ml microfuge tube containing 20 pl of 10 mM EDTA
(ethylenediaminetetraacetic acid) and stored at -80° C (for
PCR and sequence analysis).

Genomic DNA isolation
DNA was isolated from the blood by retro-orbital
bleed using the method adapted from Higuchi (1989) [31].

Evaluation of the quantity and quality of isolated DNA
The amount of DNA isolated was spectrophotometrically
(Nanodrop Technologies, Inc., Wilmington, DE, USA)
estimated by measuring its optical density (OD) at 260
nm and the purity was assessed as the ratio of absorbance
at 260 and 280 nm (A260/A280). The integrity of the
isolated DNA was assessed by electrophoresis in 1x
Tris-acetate-EDTA buffer (TAE) using 0.8% agarose
gel with 2.5ul of ethidium bromide in it. The gel was
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visualized by a Gel Doc system (Alphaimager TM 2200,
Alpha Innotech Corporation) under UV light.
Amplification of the tp53 gene was achieved by
polymerase chain reaction (PCR) using a forward primer
P53 5'TGCTCACCCTGGCTAAAGTT-3" and the reverse
primer p53 5’ AATGTCTCCTGGCTCAGAGG-3".

DNA sequencing (Sanger Sequencing)

The sequencing was commercially done using the
services of Biokart India Pvt. Ltd., Bangaluru. For
purification and sequencing, 20 pl of unpurified product
samples were given.

Statistical analysis

Average data generated for the treatment group was
compared to the respective data of the positive control
group. The test results were expressed as mean and
standard deviation using Mann-Whitenny U test in Graph-
pad prism (10.3.0.)

Results

Ursolic acid was isolated from the ethyl acetate
fraction of the crude extract of plant Morina coulteriana
Royale, collected from Zaznar, Mughal Road, Kashmir
(J&K). The plant was identified at the Centre for
Biodiversity and Taxonomy and voucher specimen [No.
2634 (KASH)] was preserved in the herbarium. UA was
characterized by different spectroscopic techniques and
was stored at -20 °C before being used in the present study.
Its structure is shown in Figure 1.

As revealed by the Sanger sequence analysis of the
amplified PCR products, the negative control group
(Group I) which received normal saline (with 1% DMSO)
throughout the whole experiment did not show any
mutation. The chromatograms from the negative control
group show no change in the base sequence hence, no
mutations. However the positive control group (Group
II) that received the alkylating agent, cyclophosphamide
(CP), for 4 days and normal saline for the rest 10 days
showed mutations in the TP53. It is because TP53
is considered a major target of CP. The frequency of
mutations in the TP53 was majorly (72.41%) transversions
and 27.59% tansitions. The major transversions being
G—C (28.16%) and G—T (21.83%). However other
transversions that occurred were A—C, A—T, C—G. On
the other hand, G—A (22.98%) and T—C (4.59%) added
to the transition mutations in the gene.

On the other hand, the treatment group that was given

Figure 1. Structure of Ursolic Acid
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CP for the first 4 days and UA for the next 10 days, showed
a significant decline in the mutations. In other words, it
was able to restore the functionality of the p53 protein
by about 89.08 %. Treatment with ursolic acid reversed
these mutations to the wild type showing a powerful
antimutagenic efficacy. The positions at which the
transversions or transitions had occurred showed a reversal
to the normal conformation e.g the G—C transversion
mutation in the positive control showed a C—G reversal
in the treatment group or a G—A transition mutation in
the positive control showed A—G reversal in the treatment
group. In totality, 89.08 % mutations converted back to
their normal or wild-type forms. The difference between
the positive control group and the treatment group
was recorded to be statistically significant (p<<0.0001).
The sequencing results for p53 can be viewed in the given
chromatograms (Figure 2, 3 and 4).

Discussion

Research in the last 40 years, has established that the
p53 tumor suppressor plays a significant role in preventing
the growth of tumors and neoplastic transformation by
acting as an exceptionally sensitive stress sensor and
coordinating a complex network of various effector
pathways and processes that safeguard genome stability
and cellular homeostasis. Also, in human malignancies,
missense mutations in the TP53 gene are incredibly
common. These mutations result in mutant p53 proteins,
some of which exhibit trans-dominant suppression
over their wild type counterparts and lose their tumor
suppressor properties.

Mutations in p53 could further diminish the
effectiveness of doxorubicin, tamoxifen and other
chemotherapeutic agents [12]. p53 has proven to be a
promising target in the quest for novel anticancer strategies.
p53 is considered as a major target of the chemotherapeutic
drug cyclophosphamide (CP) which is an alkylating agent
[32] and has been used in the present study. Numerous
studies have demonstrated that the bioactive components
from plants could have effectiveness in the battle against
cancer. Curcumin, for example, has been studied to
inhibit the mutations induced by cyclophosphamide in
exon 7 of the TP53. Also, chlorophyllin has been found
to have a powerful protective efficacy of 80% against
CP induced mutations in the TP53 exon 7 [33]. UA, one
such phytochemical has been studied to play a promising
role in chemoprevention. Various investigations till now
support this statement. Present study shows an immense
chemoprotective role of UA against CP. Inspite of having
low solubility and poor bioavailability, UA possess a vast
array of pharmacological and toxicological activities.
Future experiments are needed to further work on the
mechanics involved in the restoration of wild-type-
like properties to the p53 hot spot mutations. From all
its reasonable to conclude that UA has shown a clear
antimutagenic potential against cyclophosphamide in
reverting the mutations in p53 gene.
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Figure 2: Electropherogram data showing Sanger sequencing of p53 gene in the negative control group. The arrows
show the sites at which mutations occur in the positive control group when CP is administered
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Figure 3. Electropherogram data showing Sanger sequencing of p53 gene in the positive control group. The arrows
show the mutation sites (G—C, A—>C, A—T, G—T, G—A)
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Figure 4. Electropherogram data showing Sanger sequencing of p53 gene in the treatment group. The arrows show the
sites where the mutations have reverted (C —G, C—A, T—A, T-G, A—G).
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