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1. Introduction

  Colorectal cancer (CRC), commonly acknowledged as colon or 

rectal cancer, is a growth (polyp), which forms on the inner wall 

arising from colonic epithelium. CRC is the second most wontedly 

diagnosed cancer in both men and women worldwide[1]. Localized 

CRCs are diagnosed with sigmoidoscopy and colonoscopy. This 

is the major screening test for CRC and it screens only about one 

third of the colon. Polyps are usually benign, but may progress into 

malignant cancer over time. Invasive CRCs that are curbed within 

the wall of the colon (stages 栺 and 栻) are curable with surgery. 

Objective: To identify the bioactive extracts from Alternanthera sessilis and investigate its 

cytotoxicity potential against colon cancer cells, HT-29. Methods: This study examined the 

effects of three parts (aerial, leaf, stem) of whole plant on HT-29 colon cancer cell lines. Three 

different extracts from the plant parts were prepared by maceration technique using 80% 

ethanol. The anticancer activities were determined using MTT, clonogenic, cell motility and 

AOPI assay. The chemical composition profiling was analyzed by GC-MS. Results: Among 

three plant part extracts, leaf extract greatly suppressed the growth of colon cancer cells in 

time and dosage-dependent manner, followed by aerial and stem. The cytotoxicity results were 

rationalized with clonogenic, cell motility and AO/PI assay, where extract showed the most 

active activity compared to aerial and stem extracts. GC-MS analysis of leaf extract showed 

there were various recognized anti-cancer, anti-oxidant and anti-inflammatory compounds. 

Conclusions: Amid the screened extracts, the leaf extract exhibits the credible cytotoxic, 

anti-proliferative and apoptotic activity and hence, our findings call for additional research to 

conclude the active compounds and their mechanisms determining the apoptotic activity. 
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Tumor removal with surgery is the major therapeutic strategy, with 

success rate of 15% to 25% at initial stage of CRC patients. If left 

untreated, they advance to lymph nodes regions and distant sites (stage 

栿 and 桇), and are usually not curable, even with chemotherapy[2,3]. 

Despite the institution of vast group of effective chemotherapeutic 

drugs, chemotherapy is not devoid of its own intrinsic hitches. 

Chemotherapy drugs are unable to distinguish between the cancerous 

and healthy cell. Various kinds of life threatening toxicities are 

confounded with chemotherapeutic treatments such as giddiness, 

skin discoloration, hypoesthesia, audio-visual impairment, nausea, 

diarrhea, hair loss, decreased appetite, malnutrition, decreased libido, 

neutropenia, permanent organ damage, organ failure and internal 

hemorrhage[4]. 

  The poor diagnostic strategy and unsatisfactory therapy instigate 

higher mortality rate among CRC patients. This entails the 

investigation of other opportunities for the treatment of CRC[5-7]. It is 

a perplexing task for researcher to formulate chemo-drug that kills the 

highest number of cancerous cells with maximum therapeutic index to 

the cancer patients with less adverse effect. There are countless dietary 

products that evince anti-cancer potential with minimum or no adverse 

effect in clinical trials for cancer therapy. So, researchers strive to 

establish new agents. Herbal therapies in particular, are believed to 

provide holisticmaintenance of health in regard to the development of 

CRC[1,8]. Natural chemical moieties are lead molecules, propounded 

to current therapies for CRC and there are four groups of plants 

based anticancer agents that have high successive rate in the market 

today, the vinca alkaloids, the epipodophyllotoxins, the taxanes and 

the camptothecin derivatives. Still, plants have vast potential to offer 

newer drugs as they contain wide array of unexplored chemical 

compounds and are reservoir of natural products derived compounds 

that might provide more protective potential towards cancer than 

synthetic drugs[9]. However, little knowledge exists about the bioactive 

natural compounds accountable for this biological outcome and their 

cellular and molecular mechanism(s) of action against cancer. 

  The genus Alternanthera (family Amaranthaceae), is widely 

cultivated in tropical and sub-tropical region and practiced in 

traditional medicine for ages[10]. In India, Alternanthera sessilis (A. 
sessilis) is utilized broadly as a raw drug source in Siddha medicine. 

It is traditionally known as ‘Ponnangani’ in Tamil and joyweed in 

English. It is a small prostrate herb with several spreading branches 

bearing short petiolate, modest leaves and white flowers with 

prostrate stems, often rooting at the nodes, 10 cm to 100 cm long. 

Leaves are obovate, rarely linear-lanceolate, 1-15 cm long, 0.3-3 

cm wide, and petioles are 1-5 mm long. Flowers in sessile spikes 

are 0.7-1.5 mm long and fruits are utricles 1.8-3 mm long and 1.3-2 

mm wide. Seeds are lenticular, 0.9-1.5 mm long and 0.8-1 mm wide. 

Mostly, it is found throughout hotter parts, ascending an altitude of 

1 200 m in the Himalayas and even cultivated as a pot-herb[11]. 

  In india, the traditional systems of medicine use A. sessilis as a 

galactagogue, cholagogue, febrifuge and “remedy” for snake venom. 

The plant is described to have 毬-sistosterol hydrocarbons, nonacosane, 

enecycloartanol, stigmasterol, cycloecucalenol, 毩-spinasterol, 

oleanolic acid rhamnoside, 24-methylene cycloartenol, lupeol, 

campesterol, 5-毩-stigmasta-7-enol, 16-hentriacontane and handianol. 

Various types of phytocompounds isolated from the A. sessilis, reveal 

a wide spectrum of biological activities comprising antimicrobial 

activity, wound healing activity, antioxidant activity, hepatoprotective 

activity, hematinic activity, anti-ulcer activity, hypoglycemic activity, 

antidiabetic activity, antidiarrheal activity and anti-inflammatory 

activity, cytotoxic and antitumor[12-18]. Based on our understanding, 

the anticancer activity of A. sessilis extract on colorectal cancer is left 

unexplored. Hence, the current study involves the assessment of the 

anticancer activity of the A. sessilis aerial, leaf and stem extracts in 

human colon cancer cells (HT29). This work may aid in featuring 

the potential therapeutic approach of A. sessilis plant parts in colon 

cancer.

2. Materials and methods

2.1. Plant materials

  The green whole sample of A. sessilis from Seminyeh farm in the 

month of July 2016 was collected and validated by Dr. Shamsul 

Khamis, a phytologistat the Institute of Bioscience, Universiti Putra 

Malaysia, Serdang, Selangor, Malaysia. A voucher specimen was 

placed in the IBS Herbarium unit (SK 2938/15). The plant material 

was washed assiduously to eliminate soil particles, then shade-

dried for 8 d at room temperature. The aerial, stem and leaves were 

separated, and ground to fine powder using conventional grinder 

before storing in airtight bottles. Roughly 6 000 g of the powdered 

plant parts (aerial, leaves and stem) were extracted successively with 

ethanol maceration at a ratio of 1:10 (powder/solvent). The solvent 

was concentrated at 45 曟, using rotor evaporator to obtain the crude 

extracts, yielding 30.03 g (5%) of aerial, 20.04 g (3.4%) of leaf and 

17.4 g (2.9%) of stem. The extracts (aerial, stem and leaves) obtained 

were stored -20 曟 until further use.

2.2. Cell culture and treatments

  Human colon cancer, HT-29 cells and 3T3 cells were purchased 

from American Type Culture Collection. Cells were maintained 

in supplemented RPMI with 10% heat inactivated FBS and 1% 

antibiotics (100 units/mL penicillin-streptomycin), the pH 7.4 was 

maintained in a humidified atmosphere of 5% CO2 at 37 曟. Cell 

growths about 70%-80% confluence were used in the experiments to 

maximize the proliferation. For all in vitro assays, the stock solutions 

were prepared by dissolving the A. sessilis ethanolic extracts in 

dimethyl sulfoxide (DMSO). The working solutions were freshly 

diluted in the PBS solution, with final DMSO concentration of less 

than 0.1%. Positive control, paclitaxel was dissolved in 1% DMSO 

and further diluted in culture media to achieve desired concentration 

of 50 ng/mL.

2.3. Cell cytotoxicity assay

  The cytotoxic effect of A. sessilis plant parts was measured on HT-

29 cells using 3-(4, 5-dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium 
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bromide (MTT) colorimetric assay[19]. Briefly, 100 µL of HT-29 

cells (1 伊 104cells/well) were plated in 96-well culture plates. After 

complete attachment to the well, the culture media were discarded 

and 100 µL of various concentrations (500, 400, 300, 200, 100, 50, 

25 µg/mL) of A. sessilis plant parts were added and incubated for 24, 

48, and 72 h. Then, the freshly prepared MTT solution(10 µL of 5 

mg/mL) was added to treated cells and incubated at 37 曟 for 4-6 

h. Subsequently, the supernatants were substituted with DMSO to 

dissolve the formazan precipitates. The absorbance measurement 

was recorded at 570 nm with a spectrophotometer (Biotek EL 800). 

The assay procedure was repeated using 3T3 fibroblast cells for 72 

h time point. The relative viability of treated cells was expressed in 

percentage of control untreated cells and was calculated manually 

using the below formula:

% cell viability=Absorbance of sample A570 of treated cells/ 

Absorbance of negative control A570 of control cells 伊 100%

2.4. Clonogenic assay

  The viable HT29 cells were seeded in 6-well plates at a density of 

1 伊 106 (1 mL/well) and left to attach for next 24  h. Next, culture 

medium was gently aspirated and the cells were treated with A. 
sessilis plant parts (100, 150 and 200 μg/mL) and incubated for 

another 24  h in a humidified CO2 incubator. The medium containing 

extracts was discarded and replaced with fresh medium and 

incubated for another 5 d. Cells were fixed in 500  μL fixative (75% 

methanol and 25% acetic acid) for 5 min at room temperature. The 

fixative was aspirated and the cells were stained with 0.5% crystal 

violet for 30 min at room temperature. Cells were then washed under 

running tap water to remove the dye. Colonies were photographed 

with inverted microscope[20]. 

2.5. Cell motility assay
  

  HT 29 (1 伊 106) cells were plated in 12-well plates for monolayer 

formation up to 80% confluence. The used media were removed 

from the wells and by using pipette tip a straight scratch was made, 

stimulating a wound. Fresh media about 1 mL of media were 

added to all wells except the first one (negative control). Different 

concentrations of A. sessilis plant parts (100, 150 and 200  μg/mL) 

were added and allowed to incubate for 24 h. The images were 

photographed at 0 and 24 h by inverted phase microscope. The cell 

migration was articulated as the percentage of the gap relative to 

the total area of the cell-free region instantly after the scratch using 

ImageJ software[21]. 

2.6. Fluorescent microscopy of acridine orange (AO)/propidium 
iodide (PI) stained HT 29 cells

  Dual acridine orange/propidium iodide (AO/PI) is a fluorescent 

staining, studied under fluorescent microscope. HT 29 viable cells 

were seeded in 6-well plate and incubated at 37 曟 in 5% CO2 

atmosphere. Twenty-four hours later, the media were discarded and 

replaced with various concentration of A. sessilis plant parts (100, 150 

and 200  μg/mL) dissolved in culture medium and incubated at 37 曟 

in 5% CO2 atmosphere for 24, 48 and 72 h. Then, 10 μL of cellular 

pellets were added into equal volume of staining solution (1:1) 

containing AO (10 μg/mL) and PI (10 μg/mL) and were observed 

under ultraviolet (UV)-fluorescence microscope within 30 min 

after staining. The viable cells (green nuclei with intact structures), 

apoptotic (bright-green nuclei with condensed chromatin), late 

apoptotic cells (orange nuclei with condensed chromatin) and 

necrotic cells (red nuclei with intact structures) were scrutinized 

for the morphological alterations under fluorescence microscope. 

Each experiment was conducted in three times (n=3) as a control in 

quantitative evaluation.

2.7. GC-MS analysis

  GC-MS investigation of A. sessilis leaf extracts was achieved using 

QP-2010 Ultra GCMS spectrometer (Shimadzu, Kyoto, Japan) fused 

with a BPx5 column (30 μm 伊 0.25 μm inner diameter 伊 0.25 μm 

df). Extracts were dissolved in methanol and water (1:1 v/v). The 

oven temperature was programmed commencing from 50 曟 at 0 

min and amplified up to 300 曟, and was maintained constant for 10 

min. Mass spectra were engaged with ion source temperature and 

interface temperature of 20 曟 and 250 曟 accordingly. Carrier gas 

was attuned with the given settings: total flow-11.8 mL/min, column 

flow-0.8 mL/min, linear velocity-32.4 cm/s, purge flow-3.0 mL/

min, split ratio-10. The mass scan parameters included from a start 

time of 2.5 min, with end time 93.0 min. The acquisition (ACQ) 

parameters involved the following conditions: Scan event time-0.10 

s, scan speed-10 000, mass range-40 m/z to 700 m/z.

2.8. Statistical analysis

  Values were expressed as mean ± standard deviation (SD). The 

analysis was accomplished using one-way ANOVA (ANOVA) in SPSS 

version 21.0 software (SPSS, USA). The data were achieved that were 

paralleled with control and treated groups by Student’s t-test. Values 

of P < 0.05 versus control group were regarded significant statistically. 

3. Results

3.1. Cytotoxicity activity of A. sessilis extracts against HT 29 
and 3T3 cell line at different concentrations by MTT Assay

  The cytotoxicity of A. sessilis plant parts on HT 29 and 3T3 cell 

lines was investigated through MTT assay. The test identifies the 

reduction of MTT by mitochondrial dehydrogenase to purple 

colored product, namely formazan. Cells were treated with A. sessilis 
plant parts at concentrations ranging from 25-500 µg/mL for 24, 

48 and 72 h. The percentage of cell viability was analyzed. Figure 

1 depicts the cell viability values for the 24, 48, and 72  h. HT 29 cell 

line responded to the cytotoxic effects of the A. sessilis plant parts in 
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a dose- and time-dependent fashion. The cytotoxicity of aerial and 

leaf extracts of A. sessilis (IC50 < 200 µg/mL) was better than stem 

extract (IC50 > 500 µg/mL) on HT 29 cell line. The extracts exhibited 

selective cytotoxicity when tested against normal fibroblast cell 3T3, 

indicating all extracts of A. sessilis plant parts were nontoxic to 3T3 

with IC50 > 500 µg/mL. The assay reaffirms the sensitivity of the 

A. sessilis plant parts on HT 29 compared to the noncancerous cell 

(Figure 2).
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Figure 1. Dose and time dependent cytotoxic effect of A. sessilis plant parts on 
HT 29 cells by MTT assay. 
Cells were treated with different concentrations of A. sessilis aerial, leaf and 
stem extracts (25, 50, 100, 200, 300, 400 and 500 µg/mL) for 24 (A), 48 (B) and 
72 (C) h. Data are denoted as mean percentage of viable cells in bars 依 SD of at 
least three replicates in three independent tests.
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Figure 2. The cytotoxicity effect of A. sessilis plant parts on 3T3 cells. 
3T3 cells were treated with A. sessilis aerial, leaf and stem at different 
concentrations from 25 µg/mL to 500 µg/mL for 72 h. Data are represented as 
mean percentage of viable cells in bars 依 SD of at least three replicates in three 
independent tests.

3.2. Functional analysis of A. sessilis plant parts on HT 29 
cell using colony formation assay

  The anti-proliferative activity of the A. sessilis plant parts was 

validated further by clonogenic formation assay. This assay discloses 

the capability of cells to grow into colonies, unhindered via growth 

contact inhibition, unlike normal growing cells that terminate the 

cell proliferation upon contact inhibition. As presented in Figure 3, a 

perceptible decrease in colony formation in HT 29 cell was observed 

when treated with various concentrations of A. sessilis aerial, leaf and 

stem. Remarkably, all extract of A. sessilis exhibited significant effect 

in dose dependent manner and the most potent anti-proliferative 

activity was witnessed in leaf extract of A. sessilis, about 80%-90% 

reduction in colony formation at 200 µg/mL. The decreased colony 

formation was observed in HT 29 cells by subsequent treatment of 

the leaf extract of A. sessilis and positive control drug, paclitaxel. 

Since the reduction of the colony formation in HT 29 cells was over 

a period of 5 days, this suggested the long-term anti-proliferative 

effect of A. sessilis plant parts.

Figure 3. Colony formation inhibition of HT-29 cells on treatment with A. 
sessilis plant parts for 5 days. 
Experiment was performed in three individual wells of 6 wells plate and was 
compared with the control, n=3.
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3.3. Motility analysis of A. sessilis plant parts on HT 29 cell 
using scratch assay

  To examine the effect of A. sessilis plant parts on cell motility, 

scratch assay on confluent monolayers of HT 29 cells was carried 

out. After 24 hours of incubation with various concentrations of A. 
sessilis plant parts, it was observed that in comparison to untreated 

control cells, extracts of A. sessilis plant parts successfully repressed 

the migration of cells in a dose dependent fashion (Figure 4). The 

quantitative analysis of the matching bar graph displays the formed 

migration (Figure 5). The control cells filled-up the wound gap 

almost 20% after 24 h, whereas the percentage of wound closure 

rate treated with extracts of A. sessilis plant parts at 100, 150 and 200 

µg/mL concentrations decreased with concentrations. A noticeable 

decrease was found in leaf comparable to aerial and stem extracts. 

The results indicated that A. sessilis leaf extract could significantly 

contribute to the reduction of metastases.
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Figure 5. Effect of A. sessilis plant parts (aerial, leaf, stem) on cell migration 
rate. 
The migration rate was monitored at 0 and 24 h. After treatment, the cell 
migration was analyzed using J-image software and defined as the percentage 
of the initial gap between the two edges of each wound. The data were 
expressed as mean 依 SD (n=3).

3.4. AO and PI double staining for apoptosis analysis 
 

  To determine whether the growth inhibition of HT 29 cells is 

associated with cell death, AO/PI double staining of HT-29 cells 

by fluorescence microscopic analysis was performed. Based on 

morphological description, the untreated HT 29 cells showed high 

number of viable cell and reduced number of apoptotic cells detected 

after 72 hours of incubation for all A. sessilis plant parts. Apoptotic 

cells in untreated group may be due to natural cell death. This may 

be attributed to increased cell density, decreased nutrient solution 

cultivation, increased metabolism, cell depletion resulted from the 

impact of nutrition and metabolic products, in which they cease 

proliferation. For the treated cells, the dissemination of normal cell 

was lower compared to apoptotic cells, in dosage dependent manner 

for all A. sessilis plant parts. Particularly, at 72 h, A. sessilis leaf extract 

treated cells exhibited separation of apoptotic body and appearance 

of orange-reddish color were due to AO attachment to damaged 

DNA (Figure 6a). Whereas, A. sessilis aerial and stem extracts 

(Figure 6b and 6c) showed high number of necrotic cells, even in 

low concentration accompanied by reduction in cell viability. Based 

on the results, only leaf extract of A. sessilis promoted apoptotic 

features in HT 29 cells which retained the cell viability, morphologic 

criteria of apoptosis and reduced number of necrotic features.  

3.5. Identification of compounds in the A. sessilis leaf extract 
by GC-MS

  Next, to identify the active components of A. sessilis leaf extract, 

GC-MS was performed. Chromatogram with the peaks of the 

compounds tested with respect to retention time is shown in Figure 

7. The best matched hit with the target was selected for compound 

identification. The pharmacological effects with their retention time 

(RT), peak area (%) and nature of compounds are presented in Table 

1. The GC-MS result showed 13 phytoconstituents in the leaf extract 

A B C

Figure 4. Inhibitory effects of A. sessilis plant aerial (A), leaf (B) and stem (C) parts on the of HT-29 cells. 
The various concentrations (100 µg/mL, 150 µg/mL and 200 µg/mL) treated on HT 29 cell line was observed for migration rate by scratch assay. The HT 29 cells 
were scratched with p200 pipette tips and 0 h was the initial view of scratch, prior to any treatment. After 24 h, the distances of cell migration were photographed 
and measured. Experiment was performed in three individual wells of 6 wells plate and was compared with the control, n=3.
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from which some are higher hydrocarbon alkanes, ester, terpenes, 

flavonoids, organic compounds, steroids, and fatty acids. 

a

b

c

Figure 6. HT-29 cells with different features of apoptosis and secondary 
necrosis as detected by dual staining with AO and PI after 72 hours of 
treatment with A. sessilis leaf extract (a), aerial (b) and stem (c).
A: Untreated control; B: Paclitaxel (50 ng/mL) C: Low concentration (100 
µg/mL); D: (150 µg/mL); E: High concentration (200 µg/mL) (magnification: 

伊 400).
a: Apoptotic cells showed membrane blebbing, DNA fragmentation and 
chromatin condensation. Necrotic cells showed diffused chromatin with 
apparent nucleus membrane disruption at highest concentration; b: Necrotic 
cells showed diffused chromatin with apparent nucleus membrane disruption; 
c: Necrotic cells showed diffused chromatin with apparent nucleus membrane 

disruption. 

Figure 7. GC-MS chromatogram of A. sessilis leaf extract.

The peaks display bioactive anticancer composites were interpreted.

4. Discussion 

  Cancer’s imperative features are alteration in the mechanisms that 

control the cell proliferation and differentiation. Unlike normal cell 

behavior, cells with neoplastic transformation endure repeated cycles 

of proliferation and metastasize to distant organs due to expression 

of cell surface antigens[22]. This type of tumor cells is known as 

malignant tumor which can invade normal tissues surrounding the 

body through blood or lymphatic vessels. Malignant tumor is hardly 

encapsulated and has abnormal morphology where their tissue origin 

may not be recognizable. However, the migration of cancerous 

cells to other site to develop secondary cancer is dependent on the 

interaction of metastatic cells with different organ environments like 

rate of blood flow (angiogenesis), vascular anatomy and number 

of cells delivered to secondary organ[23]. Since neoplastic cells 

are biologically heterogenous which contain diverse population of 

tumor cells, this feature orchestrates the invasion, via extracellular 

matrix, intravasation, endurance in a blood or lymphatic vessel, 

extravasation into a distant site, to cause illness and eventually, death 

of the patient[24].

  Chemotherapeutic drugs are a novel treatment modality with the aim 

of reversing or halting carcinogenesis. In case of disseminated cancers 

(lymphoma, for example), chemotherapy is the sole therapeutical 

approach to surgical procedure and radiotherapy. Ideal anticancer 

agents would lead to absolute remissions of cancer cells without 

affecting normal cells. Regrettably, there is not any agent available 

to meet this standard, as current chemotherapy agents are not able 

to distinguish between eradiating the cancer and normal cells[25]. 

Rather, these drugs weigh benefits against toxicity in a search for 

a favorable therapeutic index. The common adverse effect from 

chemotherapy procedure includes gastrointestinal problems (nausea, 

vomiting, and diarrhea), bone marrow suppression, infertility, anemia, 

and alopecia[26]. Despite dramatic improvements in patient survival 

and drug tolerability, several drugs may present life threatening 

toxicities such as organ damage and hematological toxicity. Now, 

chemotherapy is more common as palliative therapy rather than 

therapeutical therapy that functions to provide temporary relief of 

the symptoms and signs of cancer and complete enhancement of life 

quality[27].

  Cancer growth eradication in absence of adverse effects is 

acknowledged as a vital goal for the development cancer therapy[28]. 

Owed to the current preoccupation with synthetic chemistry’s safety 

and efficacy, the dependence on the natural products is becoming 

colossal. Natural products being synonymous with “secondary 

metabolite” are identified from herbal plants, with substantial part in 

the prevention and therapy of cancer management. A vast range of 

structurally novel chemo types with potent and selective biological 

activity can serve as chemical models or templates to design, synthesis, 

and semi synthesis of novel substances for the treatment of various 

human disorders[29]. Out of 155 anticancer drugs approved in western 

medicine, 47% were classified as natural products. Plants, animals, 

marine organisms and microorganisms hold tremendous amount 

of secondary metabolites as potential anti-cancer agents. Thus, a 

significant number of plant-sourced agents and the mechanism of 
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interaction between many phytochemicals and cancer cells have been 

extensively focused for the treatment of cancer[30]. 

  At present, this investigation focuses upon the efficacy of A. sessilis 
extracts from aerial, leaf, and stem as an anti-cancer agent on CRC. 

Though countless pure compounds from plants are being discovered for 

their anticancer properties, it is becoming increasingly acknowledged 

that the healthful effects of plants are due to a combination of complex 

interplay from bioactive compounds present in the plant (additive/

synergistic and/or antagonistic) rather than constituent of pure or 

single agents alone[31]. Characterization of the phyto-compounds as 

well as investigation of the specific cytotoxic pathway may help to 

determine whether these extracts are valuable for anticancer effects. 

This plant in the genus Alternanthera showed varieties of biological 

activities. The extract of A. sessilis is currently reported to have lethal 

effect on cancer cell lines[32]. Though, the inhibitory effects and the 

anticancer mechanism of this plant have not been reported. With 

this mind-set, a detailed and comprehensive study on the  in vitro 

cytotoxicity, clonogenic survival, cell motility and apoptotic activity 

of A. sessilis aerial, leaf and stem extracts was carried out to assess 

the phenotypic changes on HT-29 cell line. 

  Cytotoxicity is demarcated as the ability of chemical compound to 

kill a cell autonomous from the cell death mechanism. Cytotoxicity 

assay is the most suitable method for identifying new compounds 

with selective cytotoxic nature on cancer cells within a short time[33]. 

The cytotoxic potency of the A. sessilis plant parts was confirmed 

by the in-vitro MTT method. The MTT assay is founded on the 

postulation that non-viable cells can’t reduce tetrazolium. However, 

it hinges on the type of cell, cellular metabolism, and incubation 

time with the MTT. The cytotoxicity of the A. sessilis plant parts 

was found to be dose dependent on HT 29 cancer cells and did not 

possess lethality characteristic to the healthy 3T3 cell with an IC50 

more than 200 µg/mL, endorsing the safety of the extracts. The 

anticancer activity of the potential extract to distinguish between 

normal and cancer cells is an important paradigm in the design and 

discovery of chemotherapeutic agents[34]. Among the three extracts 

studied, high potency was seen towards A. sessilis leaf extract. The 

results are comparable to that of work done by Chung et al.[35], 

where the plant extracts from Saudi Arabia possessed greater toxicity 

to human breast adenocarcinoma (MCF-7) cancer cell lines but did 

not confer any lethal effect on normal cell line. 

  The toxic effect of an anticancer agent is defined by its damage in-
vitro conditions to the proliferative integrity of individual cells. The 

reproductive and proliferative inability is identified by incidence of 

cell death. On the contrary, a cell that is reproductive and proliferative 

can form a larger colony of cells or is known as “clonogenic”. Under 

suitable experimental conditions and functional dosage of anticancer 

agents, the cells are impaired cells to divide and form colonies[36,37]. 

The HT 29 proliferation declined in a dose-dependent fashion with 

increasing concentrations of A. sessilis plant parts. The most effective 

extract among A. sessilis aerial, leaf and stem was the leaf extract 

followed by aerial and stem extract. The effect of these leaf extracts 

is almost similar to positive control as far as cell killing is concerned. 

It can be stated monitoring of colony formation revealed that A. 
sessilis plant parts were toxic at relatively low concentrations in HT 

29 cell line. Further, these results are confirmed by cell motility 

studies. It was observed that A. sessilis plant parts produced anti-

clonogenic property on the HT 29 cell line in a dosage-dependent 

manner similar to that of a previous study conducted by Hanahan et 
al.[38,39] which reported the in vitro anti-clonogenic potentials of the 

medicinal plants from Mizoram on MCF-7 (human breast cancer) 

and HeLa (human cervical cancer).

  It is widely acknowledged that metastasis is number one cause of 

mortality in cancer and one of the most complex biological processes 

in human diseases. Metastasis is a complex process which involves 

invasive growth through the extracellular matrix, cell spreading 

through blood or lymph vessels to distant organs[40]. It is of huge 

interest in therapeutical management to recognize the invasive 

features of cancer cells, which are altered in cancer cells to drive the 

first step of metastatic dissemination. Thus, to scrutinize the effect of 

A. sessilis plant parts on migration of HT 29 cells, scratch assay was 

performed on untreated control and A. sessilis plant parts treated cells. 

Interestingly, A. sessilis plant parts, especially leaf extract, reduced 

the movement of cancer cells in a significant manner, indicating its 

potentiality for future use as an anti-cancer drug in colon cancer 

therapy. Based on these results,  it can be accepted that the inhibitory 

effects of the leaf extracts on HT 29 cell migration may due to their 

cytotoxic effects. A few studies have shown that in-vitro migration 

assay has been as a tool to measure the effect of plant extract on 

arresting cancer cell motility, indicating a crucial linkage between 

the cytotoxic compounds and metastasis[41]. 

  Most of the studies reported that in cancer; the cell death is critically 

executed by apoptosis. Chemotherapeutic agents can control apoptotic 

cell death that is helpful in the management and therapy of cancer[42]. 

The preliminary apoptotic effect can be studied using morphological 

assessment by AO/PI staining method. AO is a membrane-permeable 

cationic dye that fixes to nucleic acids of life cells and deflects 

a green fluorescence. PI is not permeable to intact membranes 

but penetrates the membranes of nonviable cells, causing orange 

fluorescence. Therefore, AO/PI staining can be feasibly utilized to 

analyze apoptotic-associated changes of cell membranes during the 

process of cell death[43]. In this study, A. sessilis plant parts cause 

cell growth inhibition and activate apoptosis differentially in HT 29 

cells. This observation suggests that only A. sessilis leaf extract had 

distinctive morphological changes that incriminate apoptotic markers 

such as membrane blebbing, fragmentation of DNA, and formation 

of apoptotic body. These features are evinced under fluorescence 

microscopy by the bright-green and orange color from the AO dye 

stained. Whereas, A. sessilis aerial and stem extract demonstrated 

more necrotic cells even at low concentration of the treatment, which 

may be probably owing to the toxic nature of A. sessilis aerial and 

stem extract resulting in the damage of plasma membrane of HT 

29, thus causing the PI dye to enter and make the cells appear red 

(necrosis). Therefore, additional studies on their physiological and 

biological mechanism might aid in the development of anticancer 

compounds in A. sessilis leaf extract for the colorectal cancer 

chemoprevention[44].

  In order to unveil the spectrum of compounds present in the A. sessilis 
leaf extract, GC-MS analysis was carried out which facilitates the 
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comprehension of plant toxicity on its anticancer activity against colon 

cancer. Most of the compounds identified in the A. sessilis leaf extract 

possess medicinal properties such as anticancer, anti-inflammatory 

and antioxidant. An integral connotation between inflammation, 

antioxidant and cancer has long been suspected. Now there is mounting 

substantiation that chronic inflammation and reactive oxygen species 

(ROS) may lead to different kinds of malignancies including stomach, 

colon, breast, skin, prostate, and pancreas. Nuclear factor kappa-light-

chain-enhancer of activated B cells (NF-κB) signaling inhibition 

has potential therapeutic application in inflammatory related cancer 

diseases. Hexadecanoic acid, carbonic acid, octadecadienoic acid and 

linoleic acids possess a strong pro-inflammatory response which outline 

its novel application in various cancer therapies. Besides, numerous 

studies have also reported ROS are closely related totumorgenesis. 

Neophytadiene, phytol, heptadecanone and octadecyne were 

authenticated to avert angiogenesis by elevating enzymatic antioxidant 

and inhibiting ROS production and oxidative stress. This biological 

activity of compounds present in A. sessilis leaf extract provides 

integral support to the medicinal application of the plant against colon 

cancer[45,46]. 

  The result above concludes there has been a mounting attention 

in the natural products as alternative medicine for their therapeutic 

properties in the recent years. Based on the study using in vitro 

methods, it can be affirmed that A. sessilis plant parts possess 

anticancer activities. Ethanolic leaf extracts of A. sessilis is utmost 

active for the treatment of colon cancer. Moreover, pharmacological 

profiling using other cancerous cell line is needed to affirm whether 

this extract can be sourced as new anticancer medicine in the future. 

Hence, it is also recommended to determine the active constituents 

and the mechanisms of action of how A. sessilis leaf extract inhibits 

the development of colon cancer. 
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