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Abstract The present study examined the apoptosis
inducing effects of Amaranthus spinosus L. aqueous
extract in Allium cepa root meristematic cells and
human erythrocytes. Cytogenetic assay revealed many
apoptosis inducing cytogenetic aberrations viz., cyto-
plasmic breakage, cytoplasmic disintegration, cytoplas-
mic shrinkage, receding of cytoplasm, cytoplasmic
vacuolation, enucleated cell, ghost cell, nuclear vacuo-
lation, nuclear fragmentation and nuclear disintegration.
A remarkable modification of red blood cell surface
morphology was observed in the result of RBC assay.
The treated RBCs show membrane blebbing and
shrinkage, features typical for apoptosis in nucleated
cells. Significant induction of cell death was observed in
treated Allium root tip cells after Evans blue staining,
disclosing the membrane damage potential of the plant
extract. TTC assay results in reduced mitochondrial/
metabolic activity in Allium root tip cells after treatment,
designating the adverse effect of plant extract on
mitochondrial respiratory chain. These results confirm
the apoptosis inducing potential of A. spinosus extract.
Confirming the present results by further in vitro studies,
it can be effectively targeted against cell proliferation
during cancer treatment by inducing apoptosis. Thus
from the present investigation it can be concluded that
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the aqueous extract of A. spinosus exhibited apoptosis
induction and cytotoxic activities.
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Introduction

Studying the biological activities of plants is an
unending process since many species of plants contain
substances of medicinal value, which are yet to be
explored. The specific phytochemicals for many plant
based bioactivities are not yet fully understood. A
large number of plants are constantly being screened
for their possible medicinal value, since plants serve as
an important therapeutic agent as well as important
raw material for the manufacture of traditional and
modern medicines. It has also been observed that
ethnomedicinal plants frequently serve as a source of
new drugs with little or no side effects. Epidemiologic
studies have suggested that fruit and vegetable con-
sumption reduces the risk of certain types of human
cancers (Meyskens and Szabo 2005). Recently, many
natural foods were found to exhibit pharmacological
effects, and may have potential uses in cancer
chemotherapy (Hwang et al. 2007). Therefore, plants
have been examined to identify new and effective
anticancer compounds, as well as to elucidate mech-
anisms of cancer prevention via apoptosis. Many
previous studies had revealed that plants induced
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anticancer activity by inhibiting the multiplication and
growth of cancer cells by inducing apoptosis in them.

Amaranthus spinosus L. is commonly known as
Mullencheera in Malayalam, is a spinous and noxious
weed commonly seen in cultivated as well as fallow
lands. It is a monoecious erect spiny herb, traditionally
used to treat various diseases. In Ayurveda, the plant is
used as a digestive, laxative, diuretic, stomachic,
antipyretic, and improves the appetite and biliousness.
It cures blood diseases, leprosy, bronchitis, piles and
leucorrhoea (Kirtikar and Basu 2001). The plant
extract possesses severe effects in hematology (Olu-
femi et al. 2003). It shows immunomodulatory (Tatiya
et al. 2007), anthelmintic (Assiak et al. 2002),
analgesic (Krishnamurthi et al. 2010), antidiabetic,
antihyperlipidemic, spermatogenic (Girija and Laksh-
man 2011; Sangameswaran and Jayakar 2008), hep-
atoprotective (Zeashan et al. 2008, 2009,), anticancer
(Cristine et al. 2013), antioxidant (Odhavo et al. 2007;
Zeashan et al. 2009) and chemoprotective activities
(Kumar et al. 2010). A. spinosus contains several
active constituents like alkaloids, flavonoids, glyco-
sides, phenolic acids, steroids, terpenoids, saponins,
betalains, B-sitosterol, stigmasterol, rutin, catechuic
tannins, etc. Betalains in the stem bark of A. spinosus
were identified as amaranthine, isoamaranthine,
hydroxycinnamates, quercetin and kaempferol glyco-
sides (Srinivasan et al. 2005; Ibewuike et al. 1997,
Rastogi and Mehrotra 1999; Stintzing and Carle 2004;
Hilou et al. 2006). It also contains amaranthoside, a
lignin glycoside, amaricin, a coumaroyl adenosine
along with stigmasterol glycoside, betaine such as
glycinebetaine and trigonelline (Azhar-ul-Haq et al.
2006; Blunden et al. 1999). Betalains are well-known
for their antioxidant, anticancer, antiviral and antipar-
asitosis activities (Kapadia et al. 1995, 1996; Patkai
et al. 1997).

Apoptosis induction in HT-29 colon cancer cells by
crude saponin from the roots of Platycodon grandi-
florum (SPR) via both caspase- dependent and inde-
pendent pathways was observed by Kim et al. (2008).
In Caspase-dependent pathway, SPR increased the
expression of the pro-apoptotic protein, Bax and
decreased the expression of anti-apoptotic protein,
Bcl-2, and subsequently, activated caspase-9 in the
HT-29 cells, which in turn activated caspase-3. In
caspase-independent pathway SPR elevated AIF pro-
tein expression and AIF translocation into the nucleus.
AIF is a mitochondrial apoptosis inducing factor
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implicated in apoptosis as well as a mitochondrial
flavoprotein that translocates to the nucleus following
apoptotic stimuli. In the nucleus, AIF induces partial
DNA fragmentation and chromatin condensation. AIF
appears to promote apoptosis independent of caspase,
although it likely acts in a cooperative manner with
other factors to promote nuclear apoptosis.

A remarkable modification in RBCs surface mor-
phology was observed in the result of RBC assay.
Similar to other cell types, erythrocytes have to be
eliminated after their physiological life span (Daugas
et al. 2001). Beyond this, mechanisms are required for
the removal of defective erythrocytes. In other cell
types, the primary mechanism of clearance is apopto-
sis (Gulbins et al. 2000; Green and Reed 1998).
Erythrocytes are devoid of mitochondria and nuclei
(key organelles in the apoptotic machinery of other
cells) and were considered unable to undergo apop-
tosis, until a study revealed Ca®*-ionophore iono-
mycin triggers breakdown of phosphatidylserine
asymmetry (leading to annexin binding), membrane
blebbing and shrinkage of erythrocytes, features
typical for apoptosis in nucleated cells (Gulbins
et al. 2000; Berg et al. 2001). Reports pertaining the
effect of plant extracts on erythrocyte apoptosis are in
their infancy. For instance, an altered RBC profile was
observed after treatment with A. spinosus extract
(Olufemi et al. 2003). Furthermore, Saponin the major
anti-nutritional compound present in most of the
Amaranthus species was reported to induce 100%
hemolysis at concentrations of 10 and 15 pg/ml (Arias
et al. 2010). Thus in addition to the confirmation of the
apoptosis inducing potential via A. cepa root tip cells,
the present study was performed to assess whether
erythrocyte apoptosis could be induced by the crude
extract of A. spinosus, a known trigger of genotoxic
damage in other cell types (Joshua et al. 2010; Harsha
2011).

Materials and methods
Collection of assay systems

Fresh plant materials of A. spinosus L. was collected
from Calicut University campus in Malappuram
district of Kerala, India (10°7'34"N; 75°53'25"E;
45-50 m). The plant was identified taxonomically
and voucher specimen was herbarized (CALI
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123743). For cytotoxic assay certified bulbs of Allium
cepa were purchased from agricultural vendor. For
RBC assay human blood was purchased from blood
bank. 2, 3, 5-triphenyl tetrazolium chloride (TTC) and
Evans blue were purchased from HiMedia chemical
laboratory (Mumbai, India).

Preparation of test solutions

Fresh aqueous leaf extracts of A. spinosus were
prepared with the help of mortar and pestle. To make
the stock solution, 1 g of leaf was weighed and ground
in 100 ml distilled water. Low concentrations of the
extract viz., 0.005, 0.01, 0.05 and 0.1% were prepared
for toxicity analysis by diluting the stock solution with
distilled water.

Cytotoxic assay on Allium cepa root meristematic
cells

Uniform sized healthy bulbs of A. cepa were sorted
and planted in sterilized sandy soil without manure to
prevent cellular alterations. Germinated bulbs with
healthy roots (1-2 cm) were collected at peak mitotic
period (9-10 am) and washed in distilled water. Bases
of onion bulbs bearing roots were suspended in extract
solutions. Onion bulbs treated with distilled water and
0.1% methyl parathion were taken as negative and
positive control, respectively. After the treatment for
various durations (1/2, 1,2 and 3 h), a few healthy root
tips excised from each bulb were washed thoroughly
with distilled water and immediately fixed in ethanol/
glacial acetic acid (2:1) fixative (modified Carnoy’s
fluid) for 1 h. After hydrolysis in 1 N HCI for 15 min
at room temperature, mitotic squash preparations were
made with improved techniques (Sharma and Sharma
1980) using 2% acetocarmine.

After the preparation of micro slides, the numbers
of damaged cells and total cells were counted from five
different fields of view using 40x of light microscope
(Olympus CX21FSI, Tokyo, Japan). The percentage
of each aberrations observed were tabulated and
photomicrographs were taken by using AmScope
MU Series digital camera.

Evaluation of membrane damage using RBCs

The apoptosis inducing capacity of the plant extract on
human erythrocytes was tested by treating the blood

samples with 0.1% of A. spinosus extract for 1 h at
room temperature, and with saline solution as control
group. Blood smears were prepared, dried, fixed and
stained by May-Grunwald-Giemsa method (Junqueira
and Carneiro 2004; Maiworm et al. 2008). After that,
the blood smears were scanned under 100x of light
microscope (Olympus CX21FSI, Japan) and images of
red blood cells were taken by using an AmScope MU
Series digital camera.

Evaluation of cell death using Evans blue staining

The loss of cell viability was studied using the Evans/
Trypan blue staining method as reported earlier
(Achary et al. 2008) with slight modification. The
germinated bulbs were initially treated with four
concentrations viz., 0.1, 0.2, 0.4 and 0.8% of
A. spinosus extract for 24 h. Root tips treated with
distilled water and 0.1% methyl parathion for 24 h
were used as negative and positive control, respec-
tively. Control and treated roots were then stained with
0.25% (w/v) aqueous solution of Evans blue for
15 min and subsequently washed with distilled water
for 30 min. The roots were then macro-imaged for a
qualitative estimation of cell death. For a quantitative
estimation, 10 root tips of equal length were excised
and soaked with 3 ml of N, N-dimethylformamide for
1 h at room temperature. The absorbance of Evans
blue released was measured at 600 nm.

Evaluation of metabolic activity using TTC
staining

After exposure to treatment and control as mentioned
above, the control and treated roots were immersed in
0.5% 2, 3, 5-triphenyl tetrazolium chloride (TTC) and
kept at 35 &+ 1 °C for 15 min in the dark. Subse-
quently, the root tips were rinsed with distilled water
and imaged (Shaymurat et al. 2012). In addition, 10
root tips were excised from each bulb and the colored
complex triphenyl formazan was extracted in 95%
ethanol. The absorbance was read at 490 nm.

Statistical analysis
Data obtained were subjected to statistical analysis,
DMRT and one-way ANOVA to determine mean

separation and significance of treatments using SPSS
20 (SPSS Inc., Chicago, IL, USA). All results were
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expressed as mean + SE and differences between
corresponding controls and exposure treatments were
considered statistically significant at p < 0.05.

Results
RBC assay

The RBC assay revealed significant alterations in the
cell shape and surface features. Human erythrocytes
incubated with A. spinosus aqueous extract shows sig-
nificant morphological changes from a normal discoid to
an echinocytic form (Fig. 1b), while the general discoid
feature was maintained in the control group (Fig. 1a).
The appearance of several protuberances (blebbing)
on the cell surface, shrinkage and marked loss of the
central concavity, typical of echinocytes was also
observed. The modifications in the RBC membrane
and/or cytoskeletal structural assembly may be the
possible reason for this abnormal condition, which
indicates the possible effect of A. spinosus extract on
RBC membrane and cytoskeletal structure.

Cytotoxic assay on Allium cepa root meristematic
cells

Cytotoxic assay resulted in dose-dependent apoptosis
inducing cytogenetic toxicity via cytoplasmic breakage
(Fig. 2a—d), cytoplasmic disintegration (Fig. 2a, b, s, t),
cytoplasmic shrinkage (Fig. 2¢, e—-g, p), receding of
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cytoplasm (Fig. 2e—g, h, 1, q), cytoplasmic vacuolation
(Fig. 2i-k), enucleated cell (Fig. 2m), ghost cell
(Fig. 21), nuclear vacuolation (Fig. 2w, X), nuclear
fragmentation and nuclear disintegration (Fig. 2n, o, q,
r—v). All concentrations tested were found to be signif-
icant, but highest toxicity was observed at 0.1% during
3 h treatment (Fig. 3). The percentage of toxicity
observed for each aberration at 0.1% during 3 h
treatment include cytoplasmic breakage and disintegra-
tion (89.66 £ 2.18), shrinkage and receding of
cytoplasm (89.66 & 0.88), cytoplasmic vacuolation
(81.33 £ 2.02), enucleated and ghost cell (71 = 3.78),
nuclear vacuolation (84.33 &£ 2.90), nuclear fragmenta-
tion and disintegration (90.33 £ 2.40) (Fig. 3). There
was no toxic effect observed in root tip cells in the
negative control (NC-Distilled water) but the positive
control (PC-0.1% methyl parathion) exhibited maxi-
mum toxicity (93.33 £+ 1.20) after 3 h treatment.

Evans blue staining assay

Evaluation of apoptotic activity of A. spinosus aque-
ous extract using Evans blue staining method revealed
significant induction of membrane damage and sub-
sequent cell death in treated A. cepa root meristematic
cells. Severe apoptotic activity was observed after
treatment with positive control (0.64 £ 0.04),

whereas no cell death was observed in negative
control (Distilled water). In treatment, apoptotic
potential of plant extract was found to be dose-
dependent, since maximum cell death (0.60 £ 0.03)

o3¢

Fig. 1 Effect of aqueous extract of A. spinosus on surface morphology of human Red Blood Cells. a Control showing normal discoid

erythrocyte b Treated RBCs showing membrane blebs. Bar 10 pm
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Fig. 2 Apoptosis inducing cytogenetic aberrations persuaded
by aqueous extract of A. spinosus on root meristematic cells of
A. cepa. a, b Cytoplasmic breakage and disintegration;
¢ cytoplasmic breakage and shrinkage; d cytoplasmic breakage;
e—g cytoplasmic shrinkage and receding of content; h receding
cytoplasm and nuclear peak; i—k cytoplasmic vacuolation;
1 ghost cell showing receding cytoplasm; m enucleated cell;

_'S_

was observed after 0.8% treatment with plant extract.
Evans blue dye was used as a marker of membrane
integrity and thereby cell death. Living cells have the
ability to exclude the dye at the plasma membrane,
while cells with a damaged membrane are unable to
exclude the dye and are stained blue (Vargas et al.
2006). The roots exposed to different concentrations
of plant extract and positive control (0.1% Methyl
parathion) showed a dose-dependent uptake of the
blue dye when compared to negative control (Distilled
water) roots (Fig. 4), indicating the presence of certain
apoptosis inducing phytochemicals in the aqueous
extract of A. spinosus.
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n two cells showing stages of nuclear disintegration and
disappearance; o, r nuclear fragmentation; p giant cell showing
cytoplasmic shrinkage and nuclear lesion; q nuclear disintegra-
tion and receding cytoplasm; s, t cytoplasmic and nuclear
disintegration; u two cells showing stages of nuclear fragmen-
tation and disappearance; v nuclear disintegration; w, X nuclear
vacuolation in giant cells. Bar 20 pm

TTC staining assay

The effect of A. spinosus aqueous extract on mito-
chondrial function was tested using TTC staining
technique and it resulted in significant decrease in
mitochondrial activity in treated A. cepa root meris-
tematic cells. The inhibition of mitochondrial/meta-
bolic activity was found to be maximum in positive
control (0.01 £ 0.02), hence it remained unstained.
A dose-dependent inhibition was observed in the
treatment group, since it shows a dose-dependent
decrease in stainability (Fig. 5). The least mitochon-
drial activity (0.02 £ 0.02) was observed after 0.8%
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Fig. 3 Induction of various cytogenetic aberrations by 0.1%
A. spinosus aqueous extract after 3 h treatment in A. cepa root
tip cells. (NC) Negative control—Distilled water; (PC) Positive
control—0.1% Methyl parathion; Al—Cytoplasmic breakage
and disintegration, A2—Shrinkage and receding of cytoplasm,
A3—Cytoplasmic vacuolation, A4—Enucleated and ghost cell,

Fig. 4 Effect of A. spinosus Y
aqueous extract on cell 3
viability- Evans blue |
staining. Graph showing a

significant dose-dependent

increase in cell death, the

root tips of A. cepa showing

dead cells (blue), living cells

(white); (NC) Negative

control—Distilled water;

(PC) Positive control— 0.8
0.1% Methyl parathion.
Mean values within a graph
followed by the same letters 0.6
are not significantly
different at P < 0.05 as
determined by Duncan’s
multiple range tests. (Colour
figure online)

0.7

OD (600 nm)

1

A5—Nuclear vacuolation, A6—Nuclear fragmentation and
disintegration; (0%)—Minimum aberration as in NC (Distilled
water), (100%)—Maximum aberration beyond PC (0.1%
Methyl parathion). Mean values within a graph followed by
the same letters are not significantly different at P < 0.05 as
determined by Duncan’s multiple range tests

i N r

b

treatment with the plant extract. The negative control
(Distilled water) having active mitochondria got
stained maximally indicating highest mitochondrial/
metabolic activity (0.84 £ 0.13). Roots exposed to
plant extracts and positive control (0.1% Methyl
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parathion) was unable to reduce triphenyltetrazolium
chloride (TTC) to insoluble red colored triphenyl
formazan (TF), indicating decreased activity of the
mitochondrial respiratory chain. Severe mitochon-
drial dysfunction observed in the present study
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Fig. 5 Effect of A. spinosus
aqueous extract on
mitochondrial activity- TTC
staining. Graph showing
dose-dependent decrease in
mitochondrial activity, the
root tips showing viable
cells with active
mitochondria stained red.
(NC) Negative control—
Distilled water; (PC)
Positive control—0.1%

Methyl parathion. Mean 1.2
values within a graph
followed by the same letters 1 - a
are not significantly
different at P < 0.05 as 0.8
determined by Duncan’s '—E~
multiple range tests. (Colour £ 0.6
figure online) §
~ 0.4
a
o
0.2
o
NC
-0.2 -

indicates the possible cytotoxicity of the A. spinosus
extract.

Discussion

Apoptosis is a physiological process characterized by
chromatin condensation, membrane blebbing, cell
shrinkage and DNA fragmentation (Sharma et al.
2007). Cytotoxic assay resulted several cytogenetic
aberrations having features indicative of cell death.
Treated cells showed cytoplasmic breakage, cytoplas-
mic disintegration, cytoplasmic shrinkage, receding of
cytoplasm, cytoplasmic vacuolation, enucleated cell,
ghost cell, nuclear vacuolation, nuclear fragmentation
and nuclear disintegration. Extreme mitotic inhibition
by A. spinosus aqueous extract in A. cepa root tip cells
was reported by Prajitha and Thoppil (2016), indicat-
ing its cytotoxic potential. These results corroborate a
previous report in which thymoquinone induced
antimitotic activity and cell death associated aberra-
tions including nuclear membrane disruption, nuclear
fragmentation, shrinkage of the plasma membrane,
leakage of cell lysate, degradation of cell walls,
enlargement of vacuoles and condensation of nuclei in

C
b
PC 0.1 0.2

]

. . 0.4 0.8

Concentration (%)

Allium root tip cells (Hassanien et al. 2013). Excessive
vacuolation is an indicative of upcoming cell death.
The upregulation of a variety of vacuolar hydrolytic
enzymes occur during Plant PCD (Hiraiwa et al.
1999). These enzymes attack various organelles and
nuclear DNA, leading to cell death.

The present study demonstrates that A. spinosus
aqueous extract is a powerful stimulus for erythrocyte
apoptosis. Even though erythrocytes lack nuclei and
mitochondria, they showed some of the morphological
features of apoptosis, such as membrane blebbing and
cell shrinkage. In the present study a significant
modification of RBCs membrane via blebbing was
observed. The defects in cytoskeleton influence
membrane blebbing because it is important in cell
shape maintenance. The cytoskeleton was largely
described as a subcellular structure involved in
oxidative modifications leading to cell injury (Bel-
lomo et al. 1990; Malorni et al. 1993). Erythrocytes
become damaged by oxidation, which consumes
endogenous reducing substances (Richards et al.
2000). This damage then leads to shape changes and
increased rigidity by alteration in the erythrocyte lipid
bilayer (peroxidation) and oxidation of labile groups
in the proteins of the cytoskeleton. Methemoglobin,
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the product of haemoglobin denaturation may cause
damage to red cell membranes by oxidation of
membrane sulfhydryl groups and peroxidation of
lipids (Chiu and Lubin 1989). This kind of suicidal
death of erythrocytes is called eryptosis, characterized
by cell shrinkage, nuclear condensation, mitochon-
drial depolarization, membrane blebbing and cell
membrane phospholipid scrambling with phos-
phatidylserine exposure at the cell surface. Phos-
phatidylserine-exposing erythrocytes are recognised
by macrophages, which engulf and degrade the
affected cells. Reported triggers of eryptosis include
osmotic shock, oxidative stress, toxic chemicals such
as aluminium, mercury, lead etc., phytocomponents
such as curcumin, valinomycin etc., diseases such as
malaria, sickle-cell anemia, B-thalassemia, iron defi-
ciency etc. Eryptosis allows defective erythrocytes to
escape hemolysis. On the other hand, excessive
eryptosis favours the development of anemia (Foller
et al. 2008).

Blebs are balloon-like, quasi-spherical protrusions
of the plasma membrane that are found in association
with cell injury. In damaged cells, the presence of
blebs correlates with impending cell death. The
molecular mechanisms behind apoptotic blebbing
are not yet clear, although several recent studies
showed involvement of the actomyosin cytoskeleton
and its regulators. Membrane blebs appear when actin
attachments between plasma membrane and the
underlying cytoskeleton are weakened (Cunningham
1995). For apoptotic blebs, several mechanisms have
been proposed, which include cleavage and phospho-
rylation of cytoskeletal proteins (Mills et al. 1999).
The echinocyte formation due to plasma membrane
disruption induced by malathion in fish erythrocytes
was observed by Sawhney and Johal (2000). The
erythrocyte membrane seems to be most affected
depicting increased porosity and fluidity. According to
them the plasma membrane disruption occurred due to
disturbed lipid microenvironment and increased lipid
peroxidation after the exposure to malathion.
Bonarska-Kujawa et al. (2014) reported echinocyte
formation in RBCs after exposure to 0.1 and 0.01 mg/
ml concentration of Ribes nigrum extracts.

In the TTC assay, a significant decrease in mito-
chondrial activity was observed. Here the roots
exposed to the plant extract were unable to reduce
triphenyltetrazolium chloride (TTC) into insoluble red
colored triphenyl formazan (TF) indicating the
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decreased activity of the mitochondrial respiratory
chain (Vargas et al. 2006). This result points out the
possible cytotoxicity of the tested plant extract on the
metabolism and cell viability of the experimental
organism. The cleavage of triphenyltetrazolium chlo-
ride into red colored triphenyl formazan derivative by
living cells is the principle of the TTC assay. The
reductions of TTC only take place in metabolically
active cells, the level of activity is a measure of the
viability of the cells. The resulted metabolic inactiva-
tion might be due to the active phytochemicals present
in A. spinosus extract.

Plant derived natural products such as flavonoids,
terpenes, alkaloids etc. have received wide attention in
recent years due to their diverse pharmacological
activities including cytotoxic and cancer chemopre-
ventive effects (Babu et al. 2002). Flavonoids, such as
curcumin, genistein, quercetin, luteolin, kaempferol
etc., are known to have cell line specific antiprolifer-
ative and apoptosis inducing activity (Ren et al. 2003).
A. spinosus contains many antioxidant components
such as phenols, flavanoids, tannins, betalains, ter-
penoids, carotenoids etc. According to Agati et al.
(2012) flavonoids can interfere in the mitotic pro-
cess and therefore induce apoptosis depending on their
nature and concentration. The ethanol extract of
A. spinosus was reported to cause significant reduction
in packed cell volume, RBC and Hb (Olufemi et al.
2003). Saponins are subgroups of glycosides and are
known to cause haemolysis of red blood cells
(Lawrence et al. 1997). A. spinosus contains significant
levels of saponins, which are potential antinutrients.
Saponins are toxic compounds that protect the crop
against attack by birds, pests etc. The membranolytic
activity of saponins has been appreciated for some time
and has been exploited in the assay of such compounds
by hemolysis of red blood cells. More recently, it has
been demonstrated that saponins can damage intestinal
mucosal cells by altering cell membrane permeability
and interfering with active transport (Gee et al. 1993).
Saponin from Platycodon grandiflorum induced apop-
tosis in HT-29 colon cancer cells (Kim et al. 2008). The
apoptosis inducing activity of plant derived polyphe-
nols in cancer cells due to their antioxidant property
was observed by Hadi et al. (2003). Natural products
discovered from medicinal plants have played a vital
role in the management of cancer. Plant based medi-
cation has definitely found a role in cancer healing
(chemotherapy), and the mechanism of interaction
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between many phytochemicals and cancer cells has
been studied extensively. In particular, there is growing
interest in the pharmacological estimation of various
plants used in Indian traditional system of medicine.
Cytotoxic specificity of plant extracts is expected to be
due to the occurrence of different classes of com-
pounds, especially toxic compounds such as saponins,
tannins etc. The antitumor potential of A. spinosus
against EAC bearing Swiss albino mice was reported
previously (Joshua et al. 2010). Decrease in tumor
volume and viable cell count, while increase in mean
survival time and non-viable tumor cell count, when
compared to the mice of the EAC control group was
observed in the result. Chemoprevention, which con-
sists of the use of synthetic or natural agents (alone or in
combination) to block the development of cancer in
human beings, is an extremely promising strategy for
cancer prevention. The control of cell proliferation is
fundamental in maintaining cellular homeostasis and
loss of this mechanism is a principle hallmark of cancer
cells. Thus the inhibition of tumor cell growth without
side effects is recognized as an important target for
cancer therapy (Koppikar et al. 2010).

In this study, A. spinosus caused apoptosis inducing
toxicity in Allium and human erythrocytes. Apoptosis
is a well-known biological response expressed by cells
after suffering DNA damage and is a useful marker for
screening compounds for subsequent development as
possible anticancer agent (Arulvasu et al. 2010). Most
of the cytotoxic antitumor drugs in recent use have
been shown to induce apoptosis in susceptible cells. It
has been established that apoptotic cells exhibited
DNA fragmentation at inter-nucleosomal sites fol-
lowed by morphological changes and loss of mem-
brane integrity (Fan et al. 2005). An earlier study
confirmed that, the cytotoxic potential of Hymenod-
ictyon excelsum is closely associated with chromatin
condensation, one of the markers for apoptosis
(Khairunnisa and Karthik 2014). The loss of chro-
matin integrity is often induced by activated caspases.
Several apoptosis inducing nuclear changes were
observed viz., nuclear vacuolation, fragmentation
and disintegration. It could be established that nuclear
changes as a part of apoptosis are followed by loss of
membrane integrity thereby making the membrane
Evans blue permeable. This induction of apoptosis in
cancer cells make them more susceptible for host
phagocytic clearance without initiating inflammation
which can be attributed for the tumoricidal activity of

the extract. The apoptosis inducing potential of
A. spinosus can be exploited as an antiproliferative
agent for cancer chemoprevention. Lectin, a carbohy-
drate binding protein from the seeds of Amaranthus
viridis showed significant antiproliferative activity
towards HB98 and P388D1 murine cancer cell lines
(Kaur et al. 2006).The presence of lectin was also
reported in A. spinosus. Treatment with methanolic
leaf extract of A. spinosus showed significant inhibi-
tion in tumor development and decrease in viable cell
count in cancers of breast, colorectal, liver and normal
cell lines (Vero), indicating its antitumor activity
(Rajasekaran et al. 2014). The antiproliferative activ-
ity of A. spinosus extract towards normal cell line
(Vero) indicated its severe cytotoxic potential. It may
require specifically targeted treatment of this extract
towards cancer cells.

Cancer is a neoplastic disorder caused by excessive
cellular proliferation. Apoptosis is a key regulator of
tissue homeostasis and imbalances between cell death
and proliferation may result in tumor formation (Fulda
and Debatin 2003). The objective of using anticancer
agents is to induce apoptosis related signaling, disrupt
cell proliferation in cancer cells. In HT-29 and HepG2
cells the ethyl ether extract of Amaranthus viridis
showed cell growth inhibition by apoptosis (Jin et al.
2013).

Conclusion

Studies and interests in cancer chemoprevention by
the biological activity and pharmaceutical value of
naturally occurring substances, derived from food and
medicinal plants, have increased recently. The dis-
covery of natural products with specific action on
tumor cells would be helpful in cancer chemopreven-
tion or chemotherapy (Kametani et al. 2007).
A. spinosus containing some toxic phytoconstituents,
was reported to cause apoptosis, thereby revealing its
potential cytotoxicity. The present study confirms this
fact. This cytotoxicity of A. spinosus extract can be
exploited in cancer treatment to lead cancer cells for
apoptosis, since medicinal plants frequently serve as a
source of new drugs with little or no side effects.
Findings of the present study suggesting the possible
therapeutic use of A. spinosus, require additional
investigation with isolated compounds in vitro sys-
tems for understanding the molecular mechanism/s.
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