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Plants and plant products both as extract and derived compounds are known to be used as
chemopreventive agents against various types of cancer. Identification of phytochemicals is
found to be an effective chemopreventive agent in the field of chemoprevention research.
Pharmacological and clinical investigations of medicinal plants have provided a wide variety of
natural compounds possessing significant cytotoxic as well as chemopreventive activity.
Cytotoxicity testing is based on one or more mammalian cell lines being grown under conditions
where they are actively growing and undergoing mitotic division. Cells are cultured in a microtitre
well plate and the rate of multiplication and growth is measured indirectly by the formation of
a colour, the intensity of which is directly proportional to the number of cells present. The
present study shows the in vitro cytotoxic activity of the methanol extract of the leaves of
Croton caudatus Geiseler on HeLa cells ( human cervical cancer cell lines) and suggests further
screening and isolation of natural active cytotoxic components.
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Abstract

INTRODUCTION

Traditionally used medicinal plants are supposed to be the richest sources of bioactive chemicals
those act through a large variety of mechanisms to combat different types of diseases (Nath
et al. 2014). Herbal medicines have been used for various treatments from the days of the
caveman. Traditional medicines has been widely used to heal cancer in about 75 – 80 % of
world population  (Cha 1977; Gupta 1979; Hussain et al. 1993; Rabi & Gupta 1995). Forty-
seven percent of the anticancer drugs in the market come from natural products or are
natural product mimics. As natural products or secondary metabolites are being elaborated
within living systems, these are often perceived of showing more biological friendliness and
drug likeliness than totally synthetic compounds (Koehn & Carter 2005) thus making such
metabolites good candidates for drug development.

Cancer is an abnormal type of tissue growth in which the cells exhibit an uncontrolled
division, relatively in an autonomous fashion, leading to a progressive increase in the number
of dividing cells (Wayne et al. 2006). An extremely promising strategy for cancer prevention
today is chemoprevention, which is defined as the use of synthetic or natural agents to block
the development of cancer in humans. A variety of bioactive compounds and their derivatives
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have been shown to inhibit carcinogenesis in a number of experimental systems involving
initiation, promotion, and progression (Ho et al. 1994; Huang et al. 1994). By introducing a
successful bioactive component of an anticancer drug with minor side effects on normal
cells and high tumor selectivity, natural products could serve as a chemopreventive and
chemotherapeutic agent (Mehta et al. 2010). Many traditional medicines have remarkable
biological activities with potential therapeutic drugs such as taxol from Taxus brevifolia
Nutt., camptothecin from Camptotheca acuminata Decne, vinca alkaloids from
Catharanthus roseus (L.) G.Don and podophyllotoxin from Podophyllum peltatum L. are
extensively used in clinical trials (Taran et al. 2010).

Croton is an extensive plant genus of Euphorbiaceae established in 1753 by Carolus
Linnaeus in his Species Plantarum (page no. 1004).  The genus Croton comprises of around
1,300 species of trees, shrubs, and herbs distributed in tropical and subtropical regions of
both the hemispheres (Block et al. 2004). Several species of Croton have long role in the
traditional use as medicinal plants in Africa, Asia and South America. Popular uses include
treatment of cancer, constipation, diabetes, digestive problems, dysentery, external wounds,
fever, hypercholesterolemia, hypertension, inflammation, intestinal worms, malaria, pain, ulcers
and weight-loss (Salatino et al. 2007). Croton caudatus Geiseler has curative medicinal
properties for cancer, diabetes, malaria, and indigestion. Leaves are claimed to have anticancer
property and are a potential source of natural antioxidants (Deore et al. 2009). Presence of
dotriacontamol, bomyrin and b-sitosterol in the roots and barks of the plant have been detected
which are used in the treatment of ailments related to calcarious (cancer), as per the reports
from the Central Drug Research Institute, Lucknow  (http://www.miusal.com/,Scientific
name of probable anticancer plant identified,June 11th, 2008). Methanol and aqueous
extracts of Croton caudatus leaves have been reported to show potent in vivo anticancer
activity against Dalton’s Lmphoma while in vitro cytotoxic activity was reported only with
the aqueous extract (Rosangkima & Jagetia 2015).

Cervical cancer is the second malignant tumor morbidity of women worldwide which
ranks just behind breast cancer. It takes away nearly 27 million women’s lives every year
and has been severely threatening the health and life of women (Yang et al. 2004; Ferlay et
al. 2007; Cohen 2005). The aim of this study was to examine the in vitro cytotoxic activity
of crude methanol extract of leaves of Croton caudatus on HeLa cells (human cervical
cancer cell line) using MTT assay and SRB Assay.

MATERIALS AND METHODS

Preparation of plant extract: Croton caudatus Geiseler plant was collected from Assam
University campus and authenticated by curator of Assam University Herbarium, (AUS/
1903). The collected leaves were shade dried and ground into powder in a grinder machine.
The prepared powder was kept in air tight containers protected completely from light. The
powdered plant material was extracted with methanol in a Soxhlet Apparatus for 48 hours.
The methanol extract was filtered and then evaporated to dryness. The concentrated extract
was used for determining the cytotoxic activity.

Cell cultures: The human cervical adenocarcinoma cell line (HeLa) was obtained from
the National Centre for Cell Science (Pune, India). These were grown as monolayer
cultures in DMEM ( Dulbecco’s modified Eagle’s medium ) supplemented with 10 % (v/
v) heat-inactivated fetal bovine serum (FBS) and 1 % antibiotic-antimycotic solution (1000
U/ml penicillin, 10 mg/ml streptomycin sulfate, 5 mg/ml gentamycin  and 25 µg/ml
amphotericin-B), and maintained at 37º C in 5 % CO

2
 / 95 % air with 90 % relative

humidity.
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SRB (Sulphorhodamine) exposure assay: Sulphorhodamine B (SRB) assay relies on the
uptake of the negatively charged pink aminoxanthine dye, sulphorhodamine B (SRB) by
basic amino acids in the cells. The greater the number of cells the greater amount of dye is
taken up and, after fixing when the cells are lysed, the released dye will give up a more
intense colour and greater absorbance  (Skehan et al. 1990).

Procedure for SRB exposure assay:

1. 100 µl of HeLa cell suspension of optimum density was introduced into each well of
96 well plates.

2. A range of concentration of the substance (leaf extract) was made in the culture
medium so that, when diluted 2x, the range of final concentration in the well is 100 to
0.2 µg/ml for extracts. A range of concentrations for a known cytotoxic agent e.g.
vincristine sulfate (Sigma-Aldrich, UK) was used as a positive control.

3. 100 µl of each concentration of test sample in culture medium was added to the
wells containing the cells. 100 µl of the medium only was added to the control wells.

4. The cells were incubated with the samples for 48 hrs.

5. The cells were then fixed with ice-cold TCA for 1 hr at 4º C.

6. The plates were washed five times in distilled water and allowed to dry in the air.

7. 50 µl (SRB) sulphorhodamine solution was added to each well of the dried 96-well
plates and allowed staining at room temperature for 30 min.

8. SRB solution removed and the plates were washed with 1% v/v acetic acid five
times to remove unbound dye.

9. The washed plates were dried in air. The bound SRB was solubilised by adding 100
µl of 10 mM unbuffered Tris Base (pH 10.5) to each well and shaken for five
minutes on a shaker platform.

10. The plates were read in a 96-well plate reader e.g. Spectra-Max-190 (Molecular
Devices, Sunnydale, USA) with the working wavelength of 492 nm (Giuseppe et al.
2006; Houghton et al. 2007).

Procedure for MTT assay: The assay detects the reduction of MTT ( SIGMA, USA) by
mitochondrial dehydrogenase to blue formazan product, which reflects the normal function of
mitochondria and hence for measuring the cytotoxicity, and cell viability (Shahneh et al. 2013).
The cytotoxicity analysis was determined using the MTT assay as reported by Mosmann
(Mossmann 1983). HeLa cells grown in T-25 culture flasks were harvested by trypsinization,
plated at an approximate density of 1 x 105 cells/well in 96 well culture plates (Corning, Sigma)
and incubated for 24 hrs to achieve confluence. Next, the medium from each well was removed
and the cells washed twice with Dulbecco’s phosphate buffered saline (PBS). The cells were
then exposed to increasing concentration of the extract. Each well contained 100 µl of serum-
free DMEM containing the different concentration of extract. The cells were then incubated
at 37º C in 5 % CO

2
/ 95 % air with 90 % relative humidity for 24 hrs. After incubation, the

contents were replaced with equal amounts of MTT dissolved in serum-free DMEM (1.2
mM) after which the equal amount of DMSO to solubilise the formazan grains formed by
viable cells. Finally, the absorbance was read at 570 nm using a multi-well plate reader (Spectra
–Max-190). The viability % was determined by using the formula as suggested by Moriangthem
et al. (2012).

      Viability % = Absorbance of the test sample/Absorbance of the control x 100

The concentration of the cells that killed 50 % of the cells (IC
50

) was calculated by MSEXCEL
software.
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Statistical analysis: All the values were expressed as the mean of three replicates ± SEM
(standard error of the mean).

RESULT

Table 1. % Cytotoxicity of methanol extract of Croton caudatus Geiseler leaves and the
standard drug vincristine against HeLa cells as observed by SRB Assay.

Concentration 

(μg/mL) 

% Cytotoxicity ± SEM 

Extract Standard drug (Vincristine) 

10 10.71 ± 0.031 24.60 ± 0.032 

20 11.87 ± 0.039 40.02 ± 0.035 

40 22.45 ± 0.022 55.36 ± 0.023 

80 32.99 ± 0.041 83.89 ± 0.041 

100 44.35 ± 0.016 92.67 ± 0.022 

Table 2. In vitro cytotoxic activity of methanol extract of Croton caudatus Geiseler leaves
and vincristine against HeLa cell culture by MTT Assay.

Concentration 

(μg/mL) 

% Cell viability ± SEM 

Extract 
Standard drug 

(Vincristine) 

10 93.32 ± 0.033 76.40 ± 0.023 

20 82.31 ± 0.042 61.31 ± 0.031 

40 56.36 ± 0.022 46.42 ± 0.039 

80 36.21 ± 0.041 18.24 ± 0.042 

100 19.74 ± 0.036 9.41 ± 0.022 

IC50 value 59.70 39.46 

Figure 1. Graphical representation of MeOH extract of Croton caudatus Geiseler leaves
and the standard drug vincristine against HeLa cells showing: (a) % cytotoxicity based on
SRB Assay and (b) % growth inhibition (100 -% viability) based on MTT assay.
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DISCUSSION

Historically ethnomedicine has been used for maintaining health, boosting immune system
function, moreover prevention, therapy, and remission of cancer. A natural product can serve
as a chemopreventive and chemotherapeutic agent, because of minor side effects on normal
cells as seen in a clinical trial (Mehta 2010). Researches on the anticancer activity of plant
constituents from both domestic and foreign sources has been in existence for decades. The
possible mechanism of antitumor activity in some plant drugs has also been successfully
explained to some extent (Xia et al. 2013). A successful anticancer compound should kill or
incapacitate cancer cells without causing excessive damage to normal cells. Certain products
from plants are known to induce apoptosis in cancer cells but not in normal cells. Thus it is
important to screen apoptotic inducers from plants either in the form of crude extracts or as
active isolated components (Babior et al. 1973). Phytochemicals are extensively used as
chemopreventive agents capable of inhibiting cell proliferation, inducing apoptosis or signal
transduction in in vitro and in animal models (Tuyns et al. 2001; Mullayer et al. 2001).
Hence, this scenario is undertaken to cram the Croton caudatus crude methanol extract as
a chemopreventive or chemotherapeutic drug.

The MTT assay is based on the capacity of the mitochondrial succinate dehydrogenase
enzymes in living cells to reduce the yellow water-soluble substrate 3- (4,5-dimethyl thiazol
2- yl) -2,5- diphenyl tetrazolium bromide into an insoluble, coloured formazon product which
is measured spectrophotometrically. Since the reduction of MTT can occur in metabolically
active cells, the level of activity is a measure of the viability of the cells (Kanchana &
Balakrishnan 2011). The results of the MTT assay (Table 2) showed that with an increase in
the concentration of the test sample the % cell viability of HeLa cells decreased, thus showing
an increasing activity of the crude extract against the increase in its concentration. As seen
in case of the standard drug vincristine the % cell viability for 100 µg/ml was 9.41 ± 0.022
and the same for the crude extract was 19.74 ± 0.036. The highest concentration displayed
the lowest cell viability thus showing a concentration-dependent activity of the compound.
The result revealed a promising cytotoxicity of the methanol extract and the IC

50
 for vincristine

and the crude extract was found to be 39.46 and 59.70 respectively. As per the SRB assay
result (Table 1) the plant extract showed considerable activity on HeLa cells. It was seen
that the % cytotoxicity increased with an increase in the concentration of the crude extract.
The highest concentration (100 µgm/ml) displayed  the highest % cytotoxicity (44.35 ± 0.016).
The graphical representation of the % cytotoxicity and % growth inhibition (100 - % viability)
is shown in Figure 1. To our knowledge, there was no previous study on the in vitro cytotoxic
activity of crude methanol extract of the leaves of Croton caudatus on HeLa cells.

CONCLUSION

In this study, the methanol extract of the leaves of Croton caudatus Geiseler (Euphorbiaceae)
has been found to exert promising in vitro cytotoxic activity. Results of the MTT assay and
SRB assay with the extract indicated that the extract was most effective in inducing
cytotoxicity of HeLa cells and justifies the ethnomedicinal use of this plant to treat cancer
patients. Also, further work may be carried out on this plant part to establish different bioactivity
and for the isolation of natural active cytotoxic components.
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