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Anti cancer activity of Trachyspermum ammi against MCF-
7 cell lines mediates by p53 and Bcl-2 mRNA levels
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ABSTRACT

Breast cancer is second most common in women and accounts for 23% of all occurring cancers in women.
Patients with breast cancer have increasingly shown resistance and high toxicity to chemotherapeutic drugs.
Plant-derived products have proved to be an important source of anti-cancer drugs. The present study was to
investigate the anti cancer activity of ethanolic extract of Trachyspermum ammi against MCF-7 cell lines. The
preliminary phytochemical studies of ethanolic extract of Trachyspermum ammi showed the presence of
flavanoids, alkaloids, glycosides, steroids, carbohydrates, phenols, tannins and terpenes. The 1C50
concentration of ethanolic extract of Trachyspermum ammi was determined by MTT assay. The results showed
the greater degree of cytotoxicity at the dose of 25ug/ml of Trachyspermum ammi and it has been taken as
IC50 value for our further study. Then, we also evaluated the apoptotic effect by measuring the morphological
changes, cell viability rates using light and fluorescent microscopical studies and DNA fragmentation by using
gel electrophoresis method. The ethanolic extract of Trachyspermum ammi showed significant signs of
apoptosis such as cell shrinkage, membrane blebbing and nuclei DNA fragmentation. Further, we analyze the
gene expression mMRNA levels by using RT-PCR method, it showed the expression of p53 was significantly
(P<0.001) increased when compared with normal MCF-7 cell line. The expression of anti apoptotic gene Bcl-2
was significantly (P<0.01) reduced when compared with MCF-7 cell line. From this study we conclude that
ethanolic extract of Trachyspermum ammi having significant anticancer activity against MCF-7 cell lines and
it might be good therapeutic value for further investigation to develop natural compounds as a anti tumor
agents.
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INTRODUCTION

Cancer is a multi-step disease incorporating physical, environmental, metabolic, chemical and genetic
factors (M. Breast cancer is the most commonly occurring cancer in women, comprising almost one-third
of all malignancies . It accounts for approximately 25% of all female malignancies with a higher
prevalence in developed countries. Breast cancer is the second leading cause of cancer-related
death among females in the world .BRAC1, BRAC2 and p53 genes having tumor suppressing
function. But mutation of BRAC1 and BRAC2 leads to activation of oncogenes. Inactivation of tumor
suppressor gene, which control apoptosis leads to proliferation. Apoptosis is well-regulated
physiological process of cell death. Normal breast growth is controlled by a balance between cell
proliferation and apoptosis, and breast tumor growth not just as a result of uncontrolled proliferation but
also due to reduced apoptosis . Bcl-2 (B cell lymphoma 2) is an anti apoptotic gene plays important
role in regulating apoptosis. Decrease in expression of Bcl-2 leads to apoptosis. p53 is a protein it can
regulate the mutation of BRAC1, BRAC2 and it can activate apoptosis.

Development of breast cancer cell targeting drug without affecting the normal cells is a challenging task
in the field of cancer drug discovery. The limited success of clinical therapies including radiation,
chemotherapy, immunomodulation and surgery in treating cancer, as evident by the high morbidity and
mortality rates, which also can produce severe side effects such as bone marrow depression, lecukopenia,
anaemia, alopecia, and hyperuricaemia, teratogenicity, carcinogenicity, and also its reduced
spermatogensis in men, amenoria in women because of this indication there is an imperative need of new
cancer management. Herbal Plants have long been shown to be excellent and reliable sources for the
development of novel anti-cancer drugs P!, Use of natural products and its derivatives in the
development of anticancer drugs are increasing all over the world because of lesser side effects as
compared to synthetic drugs °®. As more than 60% of the chemotherapeutic drugs are developed
from plants and their derivatives. Medicinal plants are potential sources of natural products exhibiting
anti-proliferation and anti-metastatic properties !

Trachyspermum ammi belongs to the family Apiaceae commonly known as Ajowan is widely used for
curing various diseases in both humans and animals. Trachyspermum ammi is a profusely branched
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annual herb mainly used as digestive aid. From the pharmacological
investigation it has been proved to possess anti-hypertensive,
antispasmodic and bronchodilating activity hepatoprotective, anti-
inflammatory effects . In in vivo study, anticancer activity is done
by inducing tumor in animals by various methods. In vitro anticancer
evaluation is universal model for evaluation of cancer activity. In vitro
methods have an edge over come in vivo methods since they are less
time consuming, more cost effective, large number of compounds can
be tested with small amount of sample, easier to manage. Because of
these advantages, the in vitro methods have been preferred to assess
the anticancer activity ™. Based on the literature survey there is no
anticancer activity of Trachyspermum ammi using MCF-7 cell lines
was scientifically validated. With this background the main aim of
present study has been taken to investigate the in vitro anticancer
activity of ethanolic extracts of Trachyspermumammi using MCF-
7 cell lines.

MATERIALS AND METHODS
Plant materials collection and ethanolic extraction

The seeds of Trachyspermum ammi were used for extraction which
was collected at Tirunelveli. It was authenticated by Mr. Dr. V.
Chelladurai, (scientist retd.), department of Botany, Central Council
for Research in Ayurveda & Siddha, chennai. 50 gram of seeds were
packed into soxhlet apparatus and was subjected to extraction with
500ml of ethanol. The extraction was continued until the colour of the
solvent in the siphon tube became colourless. Extract of ethanol were
subjected to evaporation at room temperature till a semisolid mass
was obtained.

Phytochemical analysis

The freshly prepared extracts were subjected to phytochemical
evaluation of chemical constituents 224,

Cell lines and culture

The Human Breast Cancer cell line, MCF-7 was procured from King
Institute of Preventive Medicine, Chennai. The cells were grown in
culture flask using Minimum Essential Medium supplemented with
3% L- Glutamine, 10% Foetal bovine serum, Penicillin (100 1U/ml),
Streptomycin(100 pg/ml) and Amphotericin B along with 7.5%
sodium bicarbonate in a T, ml cultured vented flask and incubated at
37°C in 5% CO, incubator. After 3 days, about 80-90% confluent
monolayer (adherent) formation was confirmed by inverted
microscope. Then it was sub cultured by using TPVG solution along
with minimum essential medium and used for further study [°.

Preparation of stock solution

The dried seed extract was dissolved in 1ml of DMSO (0.1% v/v)
and made up to 10 ml with complete media (MEM) to give stock
solution of extract 10 mg/ml.

Extract dilution

Stock solution was diluted with complete media to obtain the

concentrations of 1, 10, 25, 50, 100 pg/ml. All were stored in air
tight container until tested.

Cytotoxicity study
MTT Assay [

Growth inhibition of MCF-7 cells by Trachyspermum ammi was
determined by MTT assay. It is a universally accepted in vitro method
for screening the drugs having cytotoxic activity. This assay is used to
determine the ICs concentration of extract. The cells were harvested
and seeded at a density of 10000 cells/ well in a 96 well plates and the
plates were incubated for 24 hours at 37°c in 5% CO, for attachment
of cells. After 24 hours various concentrations of Trachyspermum
ammi such asl pg/ml,10 pg/ml, 25 pg/ml,50 pg/ml,100 pg/ml and
standard 5-fluoro uracil (5FU) were added to the cells and
incubated for 48 hours. Each concentration was tested in triplicates.
After incubation, the medium was replaced with phenol red and FBS
free medium and 15 pl of MTT (5 mg/ml) dye was added per well and
wrapped with aluminium foil and the plate was incubated again for 4
hours. After incubation without disturbing MTT crystals, medium
was removed carefully and 100 pl of DMSO were added to each
well to solubilize the formazan crystals. The optical density (OD)
was measured at the wavelength of 570 nm. The percentage of cell
inhibition was determined by following formula

0D of test

% of cell viability = 100 — W X

100

Apoptosis studies

Microscopic analysis 2617

Light microscopic studies

Morphological changes in the cancer cells before and after drug
treatment can be studied with the help of light microscope. Sub
cultured flask containing MCF-7 taken as control and observed under
inverted microscope. The medium inside the flask was decanted and
the cells were treated with 1Csy concentration of 5FU, ethanolic
extract and the flask was incubated for 48 hours at 5% CO,and 37°C.
The flask was taken and observed under inverted light microscope.

Fluorescent microscopic studies

Fluorescent microscopy was used to study the viability of cells as well
as nuclei and chromatin condensation with the help of fluorescent
binding dye.

Three culture flasks with fully grown or 90% confluence reached
MCF- 7 cells were taken, one serving as control and the others for
5FU, plant extract treatment. The medium was decanted and treated
with 1Csy concentration of 5FU, ethanolic extract and incubated for 48
hours at 5% CO, and 37°C. Cells were trypsinised from control, 5FU
and ethanolic extract treated flask and subjected to centrifugation.
Pellet of cells were resuspended in phosphate buffer saline of pH 7.4.
100 pl of this cell suspension was introduced into microscopic slide
along with equal mixture of acridine orange and ethidium bromide for
staining. The cells were then viewed under fluorescent microscope.
The viable cells (green color) and dead cells (red color) were
identified by differential uptake of these two fluorescent DNA binding
dyes.
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Extraction of DNA and RNA

The Cells treated with ICs, concentration of ethanolic extract and
5-FU for 48 hours were collected and subjected to extraction of
RNA, DNA and protein using GeNei TM TRIsoln according to
manufacturer’s instructions. TRIsoln is a monophasic solution in
which the samples were lysed, addition of chloroform results in
three phase separation, aqueous phase predominantly of RNA, an
interphase, predominantly of DNA and organic phase,
predominantly of protein.  The extracted RNA was used for real
time RT-PCR, the extracted DNA was used for DNA fragmentation
study.

DNA fragmentation study

A distinctive feature of apoptosis at the biochemical level is DNA
fragmentation 8. This method is used as a semi-quantitative method
for measuring apoptosis % The DNA were precipitated from an
interphase obtained from phase separation. DNA fragmentation was
carried by agarose Gel electrophoresis method. Electrophoresis is a
method of separating substances based on the rate of movement under
the influence of electric field. 1.2g of agarose gel was dissolved in
100ml of TAE buffer. Agarose was melted until the solution become
clear, then the 3pl of ethidium bromide was added to the solution and
mixed well. After that the gel was allowed to solidify without
disturbing the wells. The gel was then transferred to 5 x TAE buffer
filled electrophoresis tank. 2pl of 6x loading dye was added to 10ul of
sample DNA and mixed well. So that a total of 12l of samples were
loaded to electrophoresis chamber. The power card terminals were
connected to their respective positions and the gel was run at 80 V till
the gel loading dye migrated to more than half of the length of gel.
The unit was switched off and the separated sample DNA was
visualized with a DNA ladder marker under a UV Trans-illuminator.

Gene expression
RNA extraction

An 0.5ml of isopropanol added to the aqueous phase obtained
from phase separation. Then it was centrifuged at 12000 rpm for 10
minutes at 2-8°C. The RNA precipitated at gel like pellet. Then the
obtained pellet was washed with 75% ethanol and centrifuged at
10000 rpm for 10 minutes at 2-8°C. After that the pellet was air dried
and resuspended with 100pl of RNase free water. The resultant RNA
was quantified and used for RT-PCR.

Reverse transcriptase PCR (RT-PCR)

It is a technique where expression of RNA is studied by converting it
into cDNA with the help of enzyme reverse transcriptase and
quantitatively measuring the amount of amplified target sequence
from entire cDNA using fluorescent dye SYBR green in real time.
15pl of extracted RNA was added to the 5ul of 5X buffer, 2ul of
10mm DNTPs and 1.5ul of hexamer primer and kept in thermal cycler
at 70°c for 5 minutes to separate the false double stranded, after that it
was immediately cooled with ice. Thenl.5ul of Reverse transcriptase
and 1pl of DTT was added and spun for few seconds. It was then
placed in thermal cycler , at 25°c for 5 minutes for binding of
hexamer, followed by at 42°c for 45 minutes for cDNA synthesis,
followed by at 85°c for 5 minutes for denaturation of remaining
unconverted RNA’s and finally at 4°c for 5 minutes . The primers
synthesized were P53, Bcl2, along with housekeeping gene GAPDH.

The primers were synthesized by Geno Rime with the help of Primer
express software with the available primer sequence (Table I).

Real time PCR

The cDNA was synthesized from RT-PCR. The real time reaction
consist of 5ul of cDNA,2ul of 25 pM/ul forward primer ,2ul of 25
pM/ul reverse primer, RT mix, 16ul PCR grade water and 25pl of
SYBR green. Place the plate in real time PCR and set the program as
follows pre denaturation at 95°C for 1 minute, denaturation at
95°C for 15 seconds.; 40 cycles of 95°C for 15 seconds, annealing
at 60°C for 15 seconds and extension at 72°C for 45 seconds,
The relative expression of genes was analyzed and interpreted
by Applied Biosystem Software.

Statistical analysis

All the data expressed as mean+SEM were analysed by one-way
analysis of variance (ANOVA), followed by Dunnett’s test using
Prism Graph Pad and values of P<0.05 were considered as statistically
significant.

RESULTS
Phytochemical analysis

The ethanolic extract of Trachyspermum ammi showed the presence
of Flavanoids, Alkaloids, Glycosides, Steriods, Carbohydrates,
Phenols, Tannins and Terpenes.

Determination of 1Csyconcentration using MTT assay

The ICs, concentration of ethanolic extract of Trachyspermum ammi
in MCF-7 cells was determined by MTT assay. The inhibition activity
of ethanolic extract of Trachyspermum ammi on MCF-7 cells were
plated and treated with different concentration such as 1, 10, 25, 50,
100 pg/ml. The ICsy value was determined based on cell viability
rates. The 50.79% inhibition was observed in concentration of
25pg/ml which has been taken as 1Cs value and fixed for our further
study (Fig.1).
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Figure 1: a. Dose dependent cytotoxicity effect of Tranchyspermum ammi
over cell viablity. b. Phase contrast image of MCF -7 cell lines at 10X
maghnification. (a) Normal MCF -7 cells (b) 1pg/ml (c) 10ug/ml (d) 25pg/ml
(e) 50 pg/ml (f) 100pg/ml.
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Effect of Trachyspermum ammi on MCF-7 cell lines in Light
microscopical studies

Apoptosis activity of ethanolic extract Trachyspermum ammi was
determined by light microscopical studies. The morphological features
of apoptosis light destruction of cells, reduction of MCF-7 cell
population, reduction of cell volume, loss of integrity of membrane
which resulted in crooked and vesicle shape of the membrane and
chromatin condensation compared with normal MCF-7 cell lines.
When compared with 5-FU, the ethanolic extract of Trachyspermum
ammi shows significantly decreased in apoptosis activity (Fig 2).
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Figure 2: Morphological evidence of apoptosis by light microscopical
method. (a) Normal MCF -7 cell lines.(b). MCF-7 cell lines treated with 5-FU
(7.8 pg/ml). (c). MCF -7 cell lines treated with ethanolic extract of T. ammi (25
pg/ml).

lines in

Effect of Trachyspermum ammi on MCF-7 cell

Fluorescence microscopic studies

Apoptotic effect of ethanolic extract of Trachyspermum ammi further
confirmed with fluorescence microscopical studies. Cells treated with
ICsp concentration of ethanolic extract of Trachyspermum ammi
showed apoptotic activity such as chromatin condensation and nuclear
fragmentation when compared with normal MCF-7 cell lines. The
presence of apoptotic activity shows ethanolic extract of
Trachyspermum ammi may have anticancer activity (Fig 3).

Figure 3:

Morphological
microscopical analysis using AO/EB staining. (a) MCF -7 cell lines. (b).
MCF-7 treated with 5 FU 7.8 pg/ml. (c). MCF-7 treated with T. ammi 25
pg/ml.

evidence of apoptosis by fluoresecent

Effect of Trachyspermum ammi on MCF-7 cell lines in DNA
fragmentation analysis

DNA fragmentation study was performed by Agarose Gel
Electrophoresis. The DNA migrated as discrete bands which were
compared to DNA markers, giving a ladder of approximately 100 base
pairs. Such DNA ladders are considered to be a hall mark of
apoptosis. In the present study, DNA ladders appeared in both
standard 5 FU and ethanolic extract of Trachyspermum ammi treated
cells but not in control cells which proves that the apoptosis
induced ethanolic extract of Trachyspermum ammi  was by
fragmenting the DNA (Fig 4).

M 1 2 3

Figure 4: DNA fragmentation assay. Lane M: 100 base pair DNA marker
Lane 1: MCF-7 cells treated with 5 FU (7.8 pg/ml), Lane 2: MCF-7 cells
treated with ethanolic extract of T. Ammi (25 pg/ml).Lane 3: MCF-7 cell
lines.

Effect of Trachyspermum ammi on MCF-7 cell lines in Real time
reverse transcriptase polymerisation chain reaction

To investigate the molecular mechanism of ethanolic extract of
Trachyspermum ammi induced apoptosis in MCF-7 cell lines. The
expression levels of apoptosis related genes such as Bcl-2, p53 were
determined and it is major mRNA involved in apoptosis. mRNA
levels were performed using one step RT-PCR SYBR green mix
quantitative real time reverse transcription PCR using CF96 real time
system. The mRNA level of p53 of Trachyspermum ammi was found
to be significantly (p<0.01) up regulated when compared with normal
MCF-7 cell lines. The expression of Bcl-2 of Trachyspermum ammi is
significantly (p<0.001) decreased when compared with normal MCF-
7 cell lines (Fig 5, 6).

Real time PCR p53

Figure 5: Effect of T. ammi on p53 mRNA levels on MCF -7 cell lines. Each
column represents mean + SEM. The symbol denotes the significance level:
***p<(0.001, **P<0.01 and *P<0.05 compared with control MCF-7 cell lines.
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Figure 6: Effect of T. ammi on Bcl-2 mRNA levels on MCF -7 cell lines.
Each column represents mean + SEM. The symbol denotes the significance
level: ***P<0.001, **P<0.01 and *P<0.05 compared with control MCF-7 cell
lines.

DISCUSSION

Medicinal plants constituents a common alternative for cancer
prevention and treatment in many countries around the world 2% 2! &
2] The preliminary phytochemical studies of ethanolic extract of
Trachyspermum ammi showed the presence of Flavanoids, Alkaloids,
Glycosides, Steriods, Carbohydrates, Phenols, Tannins and Terpenes.
Previous studies which can supports for our present study that
polyphenolic compounds might inhibit cancer cells by xenobiotic
metabolizing enzymes that alter metabolic activation of potential
carcinogens, while some flavonoids also alter the hormone
production and inhibit aromatase to prevent the development of
cancer cells. The mechanism of action of anti-cancer activity of
phenols is by disturbing the cellular division during mitosis at the
telophase stage. It was also reported that phenols reduce the amount of
cellular protein and mitotic index and colony formation during cell
proliferation of cancer cells ®1, So they are regarded as promising
anticancer agents against most human cancers 24 2%,

MTT assay is a universally accepted in vitro method for
screening the drugs having cytotoxic activity. In vitro cytotoxic
activity against MCF-7 cell line at different concentrations of
ethanolic extracts of Trachyspermum ammi was evaluated. In our
study, we showed that ethanolic extract of Trachyspermum ammi
inhibited the growth of MCF-7 breast cancer cell lines and had strong
cytotoxicity in a concentration-dependent manner. Cytotoxic effect
against the MCF-7 cell line is considered as a prognostic anticancer
activity. 1Csy value of ethanolic extract of Trachyspermum ammi is
25ug/ml.

Apoptosis is a programmed cell death characterized by cleavage of
chromosomal DNA into oligonucleosomal fragments. Apoptosis is an
active form of cell death that occurs in response to several agents,
including chemotherapeutic drugs. Apoptosis was initially described
by its morphological characteristics, including cell shrinkage,
membrane  blebbing, chromatin  condensation and nuclear
fragmentation ® 2. Analysis of nuclear morphology is highly
essential to examine the induction of cell death. The MCF-7 cells
treated with ethanolic extract of Trachyspermum ammi and 5-FU
showed cell shrinkage, membrane blebbing and disorganized cell
structures  but not in control cells. Further study was done to
observe the changes at nuclear level such as chromatin condensation
and nuclear fragmentation under fluorescent microscopy after the
cells stained with acridine orange (AO) and ethidium bromide
(EtBr) dyes. Acridine orange (AO) is a membrane permeable
cationic dye that binds to nucleic acids of viable cells and causes

a green fluorescence. Ethidium bromide (EtB) is impermeable to
intact membranes but readily penetrates the membranes of non-viable
cells and binds to DNA or RNA, causing orange fluorescence %!, In
our study, ethanolic extract of Trachyspermum ammi and 5-FU treated
groups induced apoptosis which was evidenced by the formation of
nuclear changes and nuclear fragmentation.

Cleavage of chromosomal DNA into oligonucleosomal fragments is a
hallmark of apoptosis. This cleavage of DNA or its fragmentation can
be visualized by DNA Laddering assay ?° ¢, In present study, DNA
fragmentation occurred in both standard 5 FU and ethanolic extract of
Trachyspermum ammi treated cells but not in control cells. The results
indicate that the ethanolic extract of Trachyspermum ammi induced
significant internucleosomal DNA fragmentation in MCF-7 cell line.
This activity may be contributed by the extract constituents. The
fragmentation was not found in distinct, but increased DNA damage
was observed, which provide evidence for apoptotic cell death. No
substantial DNA fragment was observed in control cells.

p53 is the most commonly mutated gene associated with cancer®Y,
which helps to regulate the cell cycle and has a key role in ensuring
that damaged cells are destroyed by apoptosis. Bcl-2 is an anti-
apoptotic protein belonging to the B-cell lymphoma-2 (BCL-2)
family. Bcl-2 opposes apoptosis by binding to the proapoptotic
members and neutralizing their activity 2

p53 acts as a guardian of the genome and is one of the major
factors controlling cell proliferation, growth and transformation. The
p53 tumor suppressor gene is mutated in over 50% of human cancers,
and the oncogenetic activity of p53 mutation is due to its ability to
interfere with p53-dependent apoptosis by a dominant negative
mechanism B3 Activation of p53 is often deducted with natural
chemotherapeutic agents.

In the present study, ICs, concentration of ethanolic extract of
Trachyspermum ammi showed upstream regulation of p53 protein
expression when compared with control, but slightly lesser than 5FU.
Hence, ethanolic extract of Trachyspermum ammi may possibly
enhance the susceptibility of MCF-7 cells to apoptosis by attenuating
the tumor suppressor protein.

Bcl-2 (B cell lymphoma 2) is a anti apoptotic gene plays an
important role in regulating apoptosis. Mutation in Bcl-2 gene
decreases the propensity of the cells for undergoing apoptosis B* 3
361 Bcl-2 plays a major role in cancer and its resistance thereby
interfering with therapeutic action of chemotherapeutic drugs.
Decrease in expression of Bcl-2 leads to apoptosis. The expression
of Bcl-2 was found to be down regulated in ethanolic extract of
Trachyspermum ammi treated cells which was slightly lowered than
5-FU treated MCF-7 cell, while upstream regulation was found in
control MCF-7 cell.

CONCLUSION

The medicinal plant constitutes a common alternative for cancer
prevention and treatment in many countries around the world. The
Trachyspermum ammi have been commonly used in traditional Indian
medicine for the treatment of various human ailments for many years.
Results of anticancer activity of ethanolic extract of Trachyspermum
ammi showed a potent cytotoxic activity against MCF-7 breast cancer
cell lines. Thus, we can assume that the possible mechanism of its anti
cancer activity may be apoptosis induced by DNA fragmentation and
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this is contributed by active phytochemicals such as alkaloids, phenols
and flavonoids found in the extracts. It also induces apoptosis by
modulating the expression levels of p53 and Bcl-2. Our current
investigation supports the ethanolic extract of Trachyspermum ammi
as an anti cancer agent in the traditional medicine system.

Conflict of interest

Authors declare that there is no conflict of interest to reveal.

Acknowledgement

We are grateful to thank the Principal, KK College of Pharmacy,
Chennai, Tamil Nadu, India, for providing research facilities.

REFERENCES

1.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

Rahman S, Salehin F, Igbal A. In vitro antioxidant and anticancer activity
of young Zingiber officinale against human breast carcinoma cell
lines.BMC Complementary and Alternative Medicine 2011, 11:76.

Zhao W, Zhu L, Srinivasan S, Damodaran C, Rohr J. Identification of
urushiols as the major active principle of the Siddha herbal medicine
Semecarpus Lehyam: Anti-tumor agents for the treatment of breast
cancer. Pharm Biol. 2009;47(9):886-93.

Liu D, Chen Z. The effect of Curcumin on breast cancer cells. J Breast
Cancer. 2013;16(2):133-37.

Parton M, Dowsett M, Smith I. Studies of apoptosis in breast cancer.
British Medical Journal 2001;322:1528-32.

Schwartsmann G, Ratain MJ, Cragg GM, Wong JE, Saijo N, Parkinson
DR et al. Anticancer drug discovery and development throughout the
world. Journal of Clinical Oncology 2002;20:47S-59S.

Newman DJ, Cragg GM, Snader KM.Natural products as sources of new
drugs over the period. J. Nat. Prod Jul 2003;66:1022-37.

Srivastava SK, Rai V, Srivastava M, Ra AK, wat S, Mehrotra S.
Estimation of heavy metals in different Berberis Species and its
market samples. Environ Monit Assess. May 2006;116:315-20.

Gupta SC, Kim JHS, Prasad BB. Regulation of survival, proliferation,
invasion, angiogenesis, and metastasis of tumor cells through modulation
of inflammatory pathways by nutraceuticals, Cancer Metastasis Rev Sep
2010;29: 405.

Sun 'Y, Xun K, Wang Y, Chen X. A systematic review of the anticancer
properties of berberine, a natural product from Chinese herbs. Anticancer
Drugs 2009;20:757-69.

Kaur GJ, Arora DS. Bioactive potential of Anethum graveolens,
Foeniculum vulgare and Trachyspermum ammi belonging to the family
Umbelliferae - Current status. Journal of Medicinal Plants Research
January 2010;4(2):87-94.

Narayanan DBA, Katayar CK, Brindavan NB. Original System Search,
Research, IDMA Bulletin 1998;29(17):413-16.

Wallis TE. Textbook of Pharmacognosy. New Delhi: CBS Publisher
&Distributors; 1985. 133-48.

Khandelwal KR. Practical Pharmacognosy. Pune:
1998.p. 20-42.

Lala PK. Practical Pharmacognosy. Lina; 1981.p. 30-40.
Guide to sub culturing cell line monolayer. 2010. Available from
http://www.atcc.org

Gupta SK. Drug screening methods 2nd edition, Jaypee Brothers medical
publishers.

Vidhya N, Devaraj SN. Induction of apoptosis by eugenol in human
breast cancer cells. Indian J Exp Biol. 2011;49(11):871-8.

Walker PR, Kokileva L, LeBlanc J, Sikorska M. Detection of the initial
stages of DNA fragmentation in apoptosis. Biotechniques.
1993;15(6):1032-40.

Wyllie AH, Kerr JF, Currie AR. Cell death: the significance of apoptosis.
Int Rev Cytol. 1980;68:251-306.

Desai AG, Qazi GN, Ganju RK. Medicinal Plants and cancer
chemoprevention. Current drug metabolism 2008;9:581-591.

Guilford JM, Pezzuto JM. Natural product as inhibitors of
carcinogenesis. Expert opinion on investigational drugs 2000;17:1341-
52.

Soobratte MA, Bahorun T. Aruoma OL chemopreventive actions of
polyphenolic compounds in cancer. Biofactors 2006;27:19-35.

Tan W, Lu J, Huang M, Li Y, Chen M, Wu G et al. Anti-cancer natural
products isolated from chinese medicinal herbs. Chin Med. 2011;6(1):27.

niraliprakashan;

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Kumar D, Kumar NM, Akamatsu K, Kusaka E, Harada H, Ito T.
Synthesis and biological evaluation of Indolyl chalcones as antitumor
agents. Bioorg. Med. Chem. Lett 2011;20:3916-19.

Klaus WJ wahle, Dino Rotondo, lain Brown Ana Steven D, Heys.
Plant Phenolics in the Prevention and Treatment of Cancer. Bio-
farms  for Nutraceuticals: Functional Food and Safety Control by
Biosensors 2009.

Kerr JF, Wyllie AH, Currie AR. Apoptosis, a basic biological
phenomenon with wide —ranging implications in tissue Kkinetics. Br. J.
Cancer 1972;26: 239-257.

Kerr JFR, Winterford CM, Harmon BV. Apoptosis—its significance in
cancer and cancer therapy. Cancer 1994; 73:3108.

Popovic S, Arsenijevic NN, Baskic D, Ristic P. Analysis of
cycloheximide-induced apoptosis in human leukocytes: fluorescence
microscopy using annexin  V/propidium iodide versus acridin
orange/ethidium bromide. Cell Biol Int 2006; 30:924-32.

Khaghani S, Razi F, Yajloo MM, Paknejad M, Shariftabrizi A, Pasalar
P. Selective Cytotoxicity and apoptogenic activity of Hibiscus
sabdariffa aqueous extract against MCF-7 human breast cancer cell
line. J Can Ther 2011;2:394-400.

Sivalokanthan S, Vijayababu MR, Balasubramanian MP. Effects of
Terminalia arjuna bark extract on apoptosis of Human Hepatoma
cell line  HepG2. World Journal of Gastroenterology. 2006;
129(7):1081-1024.

Johnstone RW, Ruefli AA, Lowe SW. Apoptosis: A link between cancer
genetics and chemotherapy. Cell 2000

Terrano DT, Upreti M, Chambers TC. Cyclin-dependent kinase 1-
medaiatedkinase 1-mediated Bcl-XL/Bcl-2 phosphorylation acts as a
functional linkcoupling mitotic arrest and apoptosis. Mol Cell Biol
2009;30:640-56.

Sigal A, Rotter V. Oncogenic mutations of the p53 tumor sup-pressor:
the demons of the guardian of the genome. Cancer Res 2000; 60: 6788-
6793.

Smolen J. S., Maini R. N. Interleukin-6:
Arthritis Res. Ther % Suppl 2 2006; S5.
Hershey GK, Friedric MF, Esswein LA, Thomas ML, Chatila TA. The
association of atopy with a gain-of-function mutation in the alpha subunit
of the interleukin-4 receptor. N. Engl. J. Med 1997;337 (24): 1720-5.
Abeloff MD AJ, Lichter AS. Clinical Oncology. 4th ed. Philadelphia,
PA: Elsevier; 2008.

a new therapeutic target.

HOW TO CITE THIS ARTICLE

Ramya N, Priyadharshini, Prakash R, Dhivya R. Anti cancer activity of
Trachyspermum ammi against MCF-7 cell lines mediates by p53 and Bcl-2

mRNA levels. J Phytopharmacol 2017;6(2):78-83.

83



