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Abstract

Mammalian tumour cells exhibit resistance to chemotherapy and its severe side effects reduces the clinical efficacy of a large
variety of anticancer agents. Plant-derived compounds manifest many beneficial effects and can possibly inhibit several stages
of cancer. Despite there is significant progress in cancer therapeutics in the last decades, the need to discover, develop new and
synergistic plant based anticancer agents are in the emerging stage. In the present study, we attempted to exploit bioactive
compounds of three plants viz. Cinnamomum camphora, Catharanthus roseus and Emblica officinalis, investigated their anti-
proliferative properties for colon cancer and evaluated the haemolytic activity. Methanol extracts of these plants were subjected
to cytotoxic assay and found that C. roseus and E. officinalis selectively inhibited het 116 cell proliferation and all the three
plants are non-haemolytic. Our findings infer that the potential bioactive compounds of these plants have vibrant chance to
fight colon cancer as were seen to be non-haemolytic to blood cells and they are well documented as a traditional medicine for

therapeutic uses.
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1. Introduction

Cancer can be defined as a disease in which a group of
abnormal cells grow uncontrollably without obeying the rules
of normal cell division. Normal cells are constantly subjected
to signals which dictate their division and death. Cancer cells
develop a degree of autonomy from these signals, resulting in
uncontrolled growth and proliferations (A recent report %!
states that two thirds of adult cancer incidence occur across
tissues due to random mutations in genes by “bad luck” and
only the remaining third are due to environmental factors and
inherited genes. There are various types of cancer which

* Corresponding author
E-mail address:maniramiyer@yahoo.com (M. Ramakrishnan)

effect lung, prostate tissue, colon, oesophagus, blood etc.
andthe colorectal cancer accounts for over 9% of all cancer
fatal incidences. The most commonly used cancer
chemotherapy drugs include mainly alkylating agents,
antimetabolites, antitumor antibiotics, platinum analogues
and natural anticancer agents ©*. Due to the increasing rate of
mortality associated with cancer and adverse or toxic side
effects of cancer chemotherapy and radiation therapy,
discovery of new anticancer agents derived from nature has
begun especially plants and the screening of medicinal plants
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as a source of anticancer molecules. Humans have used
leaves as food since time immemorial and different types of
leaves, depending on location and season, have been part of
their diet since prehistoric times Y. The discovery and
development of vinca alkaloids, vinblastine and vincristine
and the isolation of the cytotoxic podophyllotoxins were the
major breakthrough . Natural products, particularly dietary
substances, have played an important role in creating new
chemopreventive agents. Interesting patterns of differential
cytotoxicity have been associated with known classes of
compounds, such as cardenolides, lignans or quassinoids 6],
The present study intends to evaluate and find candidate
plant and plant metabolite drug sources under invitro
methods that inhibit the proliferation of malignant colorectal
cancer, the third most occurring cancer worldwide.

In traditional medicine, different parts of camphor plant is
used to treat coughs, bark tea for fever due to flu, leaf extract
for malarial fever, leaf infusion is inhaled for malaria, and as
an antiseptic, counter-irritant, stimulant, carminative and
analeptic. In modern medicine, camphor is used externally as
topical antiseptic agent and antipruriticand internally as a
stimulant and carminative . C. roseus contains more than
70 alkaloids in the whole plant which shows a good anti-
cancerous activity and vinca alkaloids act on cancer cells by
arresting them at the binding stage to tubulin in metaphase
thus inhibiting their microtubule formation. Earlier studies
have shown the anti-cancerous activity of E. officinalis that
contains ellagic acid, gallic acid, quercetin, kaempferol,
emblicannin etc. whereby ellagic acid has good anti-
cancerous properties which successfully inhibited the breast
and uterus cancers "*.In the present investigation, an attempt
is made to comprehendpotential anti colorectal cancerous
properties of C. camphora, Catharanthus Roseus and E.
officinalis and this approach lay foundation on route to
identify plants as effective anti-colon cancer alternative as
well as to fish out the molecules to warfare the disease.

2. Materials and Methods
2.1. Plant Materials

Samples used in the study are leaves of Cinnamomum
camphora, stem, leaf and flowers of Catharanthus roseus
and fruits of Emblica officinalis, collected from GKVK,
Bangalore and authenticated from Department of Studies in
Botany, Manasagangotri, University of Mysore, Mysore.
Plant material were washed several times with tap water and
once with distilled water and allowed to shade dry at room
temperature. Dried plant materials were powdered into coarse
particles with the help of warring blender and used for
extraction. Herbarium is maintained in CMR Institute of
Management Studies (Autonomous), OMBR Layout,

Banaswadi, Bangalore, Karnataka, India.

2.2. Preparation of Plant Extracts

10g of dried powder of each plant material was dissolved in
50 ml of methanol and kept on hot water bath at 50° C for 4
hours, the extract was filtered through Whatmannno.1 filter
paper and the filtrate was used for further analysis. Filtrate
was kept in water bath at 80 °C for few hours until it get into
semisolid form. 10 mg of semi-solid crude extract was
dissolved in 1 ml of DMSO in an eppendorf tube to make
10mg/ml stock solution and was kept on hot water bath at 60
°C for 1 hour for proper dissolution of the pellet. Working
concentration of the test samples i.e. 0, 10, 20, 40, 80, 160
and 320 pg/ml was prepared from the stock solution (-10],

2.3. Cell Culture

Human colorectal carcinoma (HCT116) cell line obtained
from the American Tissue Culture Collection (ATCC) was
used for the in-vitro assay and grown in Roswell Park
Memorial Institute medium (RPMI-1640) supplemented with
2gm of sodium bicarbonate. The pH 7.4 was maintained and
the cells were incubated at 37°Cwith 5% CO,in humidified
incubator.

2.4. Thawing and Revival

Cryo-vials containing the frozen cells from liquid nitrogen
storage were quickly thawed (< 1 minute) by gently swirling
the wvial in the 37°C water bath. Thawed cells were
transferred to a sterile tube containing required amount of
medium corresponding to the cell lines and inverted for
uniform distribution. The cell suspension was centrifuged at
1200g for Sminutes. Clear supernatant was checked for
visibility of the complete pellet, re suspended in complete
growth medium and transferred toT-25 flaskunder the
recommended culture environment (5% CO, at 37° C).
Growth was monitored and cells were trypsinized and sub
cultured once they reached a confluence of 70-80%.

3. Anti -Carcinogenic Activity
AgainstHCT116 Cell Line

3.1. Cytotoxic Assay

HCT116 cells (5.0 X 104) were plated in 96 well plates with
Serum free RPMI-1640 media aliquots with plant extracts at
0, 2, 4, 8, 16, 32, 64 and 128 pg/ml concentration in
triplicates and incubated for 24 hours at 37°C in a 5% CO,
incubator "), Then the media was removed and 100 pl of
MTT reagent was added to each well and incubated again for
3-4 hours. MTT reagent was removed before adding 100 puL
DMSO to each well and gently shaken. Plant extract treated
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cells were compared to untreated cells. The absorbance was
measured at 570 nm using a microplate reader. The
percentage inhibition was determined using a formula [%
Inhibition = 100-(optical density of sample/optical density of
control) x 100]. ICsy, values were calculated as the
concentrations that show 50% inhibition of proliferation on
any tested cell.

3.2. Haemolytic Assay

Erythrocytes were isolated from five ml of blood collected in
a tube containing 5.4 mg of EDTA from healthy volunteers,
centrifuged at 1000 rpm for 10 min at 4°C. Plasma and the
white buffy layer were removed. The erythrocytes were then
washed thrice with 1XPBS, pH 7.4and used within 6 h for
the haemolysis assay ">, The erythrocyte suspension was
incubated for 1 hour with test material in incubated shaker at
37°C. After incubation, samples are collected and centrifuged
to obtain supernatant containing free haemoglobin and the
haemoglobin  concentration = was  determined  with
spectrophotometer (540 nm). Test samples were compared to
reference materials (1% TritonX-100 and 1% SDS).50 ul of
10 aliquots of erythrocytes suspension was taken and
incubated with 100 pl of different concentration of plant
extracts (0, 2, 4, 8, 16, 32, 64 and 128 pg/ml) at 37°C water
bath for 60-90 min. Here, 100 pl of 1XPBS served as
negative control and 100 pl of 1% SDS as positive control.
Then the volumes of reaction mixture were adjusted to 1 ml
using 1XPBS. Finally, centrifuged at 3000 rpm for 3 min and
the resulting haemoglobin in supernatant was measured at
540 nm by Tecan micro plate reader and determined the
concentration of haemoglobin using Magellan- data analysis
software " The haemolysis caused by 100 pl of 1% SDS
was taken as 100 % haemolysis and the percentage
haemolysis was calculated [% Haemolysis = [(control —
sample)/ control] * 100].

3.3. Statistical Analysis

IC50 values for cytotoxicity tests were derived from
nonlinear regression (curve fit) based sigmoidal dose
response curve (variable) and computed using Graph Pad
Prism 5 (Graph pad, San Diegro, CA, USA).

4. Results and Discussion

4.1. CytotoxicAssay and Haemolysis
Activity for Methanolic Extracts of C.
Camphora, C. Roseus and E.
Officinalison Inhibition of Human
Colorectal Cancer Cell Line (HCT116)

Cancer is affecting millions of people every year and our
emphasis is to explore appropriate plant sources and to

suggest a novel anti-cancer candidate that can combat colon
cancer in a better way. Since plants have been proved to be
an important natural source of anti-cancer therapy for several
years, in the present study, an attempt was made to determine
and prove the anti-proliferation effect of methanol extracts of
the three selected plants. The MTT (3-[4, 5-dimethylthiazol-
2-yl]-2, 5 diphenyl tetrazolium bromide) assay is based on
the conversion of MTT into formazan crystals by living cells,
which determines mitochondrial activity. Since for most cell
populations, the total mitochondrial activity is related to the
number of viable cells, this assay is broadly used to measure
the in-vitro cytotoxic effects of drugs on cell lines or primary
patient cells.

The effect of test molecules on cell proliferation and their
cytotoxic effects investigated using tetrazolium
reduction and other assays like resazurin reduction and
protease activity assays as viability indicators ">, Among the
study plants, methanol extracts of Catharanthus roseus and
Emblica officinalis has an inhibitory concentration (IC 50) of
46.21% (pg/ml) and 35.21% (pg/ml), respectivelywhereas

were

Cinnamomum camphora extract did not show any inhibitory
effect on the selected cell line (Table 1 and Figure 1).
Interestingly, methanol extracts of all three study plants have
not shown hemolysis on human erythrocytes between 40 —
160 pg/ml with the 1% SDS as positive control. The present
breakthrough in this study, thereby gives enough scope to use
these plant extracts for further investigation at molecular
level to identify the compound accountable for anti-
colorectal cancer activity. Plants can be a great source in the
use for the treatment of human diseases including cancer ',
The main objective of this study was to identify potentiality
of the plant extracts against human colon carcinoma cell line,
to accomplish this,maximum test concentration was set at
320 pg/ ml as the criteria for identifying plants with potent
activity. Using this criterion, plants with less than 50%
inhibitory activity within the test range were excluded from
further screening. In the present investigation, the focus was
limited to plant extracts that caused substantial growth
inhibition in a given cell line within the test concentration
range of <320 pg/ml although such plants may likely
demonstrate greater cytotoxicity at higher concentrations.
Various parts of camphor (Cinnamomum camphora) have
been used to study its effectiveness on different types of
cancer and the camphor leaves extract has shown protective
effect against DNA damage and biochemical changes in mice
caused due to atrazine. Moreover, two ribosome inactivating
proteins cinnamomumin and camphorin are found to have
inhibitory effect on cultured cancer cells ', Although C.
camphora has been suggested to be a candidate for
anticancer drug, our major finding through the invitro study
indicated that it can be a source of drug molecule against
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colorectal cancer.

The qualitative tests used by researchers have identified
phytochemical constituents of the C. roseus and E. officinalis
and showed the presence of triterpenoids, tannins, alkaloids
and chebulinic acid, quercetin, chebulagic acid which may
help inhibiting the growth of the cells in vitro. Vinca
alkaloids are potent anticancer agent and they inhibit the cell
proliferation by affecting the microtubular dynamics during
mitosis, and this causes a characteristic block during mitosis
leading to apoptosis. Vincristine and vinblastine alkaloids are
found to be useful in the treatment of various types of
lymphoma and leukaemia. These Catharanthus alkaloids are
found to be used for the treatment of both malignant and non-
malignant diseases and in the platelet and platelet associated
disorders '"®,

Earlierpharmacological ~ studies  ""/demonstrated  that
decoctions of the leaves and seeds of E. officinalis are used in
the treatment of diabetes mellitus and also suggests that the
fruit has potential anticancer effects. Phyllanthes emblica
tested on various human cancer cell lines such as A549 (lung),
HeGP2 (liver), Hela (cervix), MDA-MB-231 (breast),
SKOV3 (ovarian) etc. and in the present investigation, the
amla fruit was used to evaluate the inhibitory effect of the
growth of colorectal cancer and the result holds good
promise towards the fact that E. officinalis is a beneficial
fruit to combat human colon cancer. Seham MA Moustafa et
al (2014) @ screened 200 plants methanol extracts for
cytotoxicity against the four carcinoma cell lines namely
breast (MCF-7), colon (HCT-116), liver (HepG2) and lung
(A-549) human carcinoma cell lines.
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4.2, In Vitro Erythrocyte Haemolysis
Inhibition Assay

Since prehistoric time, plant products have been utilized for
the treatment of various health problems. Plants are one of
the most important sources of drug discovery and
development. In this study, haemolytic activity of the
methanol extract of leaves, plant and fruit of C. camphora, C.
roseus and E. officinalis, respectively screened against
normal human erythrocytes lysis. Haemolytic activity of the
plant is expressed in percentage haemolysis and it was found
that none of the extract of study plants showed any lysis in
the human blood RBCs and thus these plants did not contain
cardiac glycosides, alkaloids, saponins and phlobatanninsas
which are responsible for the lysis of the erythrocytes ',

5. Conclusion

Based on the inferences from the cytotoxic and erythrocyte
haemolytic assay of the methanol extracts of C. Roseus and E.
officinalis, the present study draws a conclusion that the
above mentioned two plants are suitable candidature for anti-
colon cancer drug. Major findings of the present study show
hopefulplant source for colorectal cancer and their non-
haemolytic activity. Further refinements may attribute to
elucidate the nature of the chemical andmolecular
mechanism of interaction for anti colon cancer activity.
Though the clinical efficacy and extent of toxicity of
numerous anticancer agents are unknown and uncertain,
understanding the fundamental role of herbal extracts made
from plants has found to play an essential role in the
development of herbal drugs and use for treatment of cancer.

Table 1. Evaluation of methanol extracts of 3 study plants by cytotoxic (MTT) assay on hct 116cell lineand haemolysis assay on human erythrocytes.

Cytotoxic (MTT) assay Haemolysis assay
Plant Material Concn.(pg/ml) OD at 590 nm Inhibition (%) IC 50 (ng/ml) Concn. (ug/ml)  OD at 540 nm Haemolysis (%)
Control 0.44 0 Control 0.38 0.00
Vehicle 0.51 0 : 1% SDS 0.10 74.38

10 0.46 10.4 40 0.88 -131.74

20 0.37 28.27 80 0.87 -129.1
Cinnamomumca 40 0.34 32.89 160 0.80 -110.94
mphora 80 0.35 32.42 :

160 0.31 39.6

320 0.34 34.29

10 0.47 07.96 40 0.93 -145.78

20 0.42 17.82 80 0.70 -83.32
Catharanthusro 40 0.35 31.72 4621 160 0.69 -82.00
seus 80 0.30 41.24 ’

160 0.25 50.64

320 0.20 61.74

10 0.48 07.24 40 0.66 -73.59

20 0.42 18.34 80 0.78 -104.45
Emblicaofficina 40 0.33 35.07 3501 160 0.97 -156.41
lis 80 0,28 45.56 ’

160 0.23 54.34

320 0.18 65.19

+ Values are mean of three replicates.
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Figure 1. Cytotoxic effect of Catharanthusroseus and Emblicaofficinalison colorectal carcinoma HCT 116 cell line.
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