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ABSTRACT 
 

Background: Plants have become a household name in the quest for effective and safe cancer 
chemotherapy in the Pharmaceutical industry. We studied the Brine shrimps lethality, 
antiproliferative and apoptotic potentials of Gliricidia sepium leaf extract against some selected 
cancer cell lines. 
Methodology: Plant leaves extraction was done with 70% ethanol and petroleum ether. Twenty 
four hours old shrimp’s larvae exposure to different concentrations (1 mg/ mL, 100 µg/ mL, 10 µg/ 
mL and 1 µg/ mL) of the extracts were used to evaluate the cytotoxicity in Brine shrimps lethality 
assay (BSLA). Three cancer cell lines: Breast (HCC1395); Prostate (DU145); Colorectal (CT26) 
and one normal cell line (Vero E6) were used for the in-vitro cytotoxicity testing using MTT assay. 
IC50, CC50 and Selectivity Index (SI) were determined respectively, using standard methods. 
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was carried out on 
HCC1395 and DU145 cell lines. Primers for the genes p53 and BAX were generated and amplified 
for apoptotic evaluation. The fold change relative to GADPH, the housekeeping gene, was 
calculated using double delta Ct analysis [2ˉΔΔCT]. 
Results: The results of BSLA showed that both extracts of G. sepium are strongly toxic (LC50 < 
100 µg/ml). However, petroleum ether extract (PGS) exhibited the highest toxicity to the shrimps, 
with LC50 of 11.95 µg/ml. This is about 8 times more cytotoxic than cyclophosphamide (LC50 of 
98.76 µg/ml). On cancer cells, PGS exhibited varying antiproliferative activities; it was high on 
prostate (IC50 = 12.76 µg/ml), antiproliferative (IC50 = 23.55 µg/ml) and moderately antiproliferative 
(IC50 = 77.58 µg/ml) on breast and colorectal cancer respectively. PGS CC50 value was greater 
than 100 µg/ml. Ethanol extract (EGS) showed very high toxicity to all the tested cancer cells (IC50 

<20µg/ml) with low cytotoxicity (CC50 = 41.81 µg/ml) to the normal cells. It exhibited a significant 
difference and high selectivity index across all the cell lines used in this study.                             
EGS also upregulated both p53 and BAX biomarkers in the qRT-PCR apoptotic                               
study. 
Conclusion: The leaf extracts of G. sepium is a potential anticancer agent. The 70% ethanol 
extract selectively induced antiproliferative activities on cancer cells and upregulated apoptotic 
genes. The Petroleum ether extract also showed very low cytotoxicity to the normal cells. The plant 
should be considered a novel candidate for further studies.  

 
 
Keywords: P53; cancer cell lines; Bax; Gliricidia sepium; brine Shrimps; apoptosis. 
 

1. INTRODUCTION 
 
The menace of cancer is overwhelming and it is 
consuming the world financial and human 
resources every day. Many of the world 
intellectuals have succumbed to the cold hands 
of death due to cancer, unfortunately, the tragedy 
still continues without a definite solution [1]. The 
number of deaths due to cancer increased from 6 
million in the year 2000 to 7.6 million in 2007 [2]. 
In the year 2007, cancer alone was responsible 
for 13% of all deaths around the world [3]. In 
2008, 1 in 4 deaths in the United States was said 
to be due to cancer [4]. In the year 2012, the 
worldwide burden of cancer involved 14 million 
new cases [5]. Projections for the year 2030, 
based on the demographic growth and the 
ageing process of populations, indicate the 
occurrence of 26 million new cases and 17 
million deaths by cancer, most of which will occur 
in the least developed regions of the planet [6]. 

Presently, there is no confirmed cure for all types 
of cancer and thus, the efforts to get safe and 
effective remedies are commendable everywhere 
on the planet earth, especially, cures from 
natural plant sources. 
 
In many underdeveloped and developing 
countries, most of the population does not have 
access to a well-organized and well-coordinated 
cancer management system. A diagnosis of 
cancer is like a death sentence, often leads to 
catastrophic personal health expenditures [7] and 
may threaten social stability [8,9]. Cancer has 
become one of the most prominent diseases in 
humans with a considerable scientific and 
commercial interest in the discovery and 
development of new anticancer agents from 
natural product sources [10]. 
 
Brine shrimp (Artemia salina) lethality assay 
(BSLA) is a test commonly used to check the 
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cytotoxic effect of bioactive materials. The 
mechanism of action of the assay is based on 
the killing capability of test compounds on Brine 
shrimps [11]. This assay is a preliminary toxicity 
screening of plant extracts [12-15], 
nanostructures [16], cyanobacteria toxins [17], 
cytotoxicity testing of dental material [18], 
screening of heavy metals [19], fungal toxins 
[20], and pesticides [21].  

 
In cancer research, tumor-derived cell lines are 
the most frequently utilized in-vitro tumor models 
[22]. Over the past decades, their use has helped 
immensely in the understanding of cancer 
biology in research [22]. They have been 
adjudged to be an indispensable tool in the 
genetic approach, and their characterization 
reveals that they are an excellent model for the 
study of the biological mechanisms in cancer 
processes [22]. Extract of G. sepium was 
subjected to cancer cell lines study to ascertain 
the presence or otherwise, of the   
antiproliferative property of the plant leaf             
extract.  
 
To measure the effectiveness and grand function 
of any therapeutic agents, the mechanisms of 
action must be known and clearly documented. 
When cells lost their functional/genetic integrity, 
they become a threat to the body by growing 
uncontrollably. P53 tumor suppressor thereby 
functions to prevent the propagation of such cells 
[23]. Most of the genetically programmed cancer 
in animal models were developed majorly based 
on a p53-deficient background. Defects in the 
germline of the TP53 gene can exposed 
organisms to the early development of cancer 
[24]. In-vivo investigation of p53-dependent 
tumor suppression showed apoptosis as its main 
effector mechanism [25].  

 
Apoptosis is a programmed cell death used by 
the body system to eradicate cells that can cause 
pathological or physiological unrest to the 
organism. Studies have revealed that apoptosis 
may be involved in cell death due to 
chemotherapy and researchers have identified 
the act of suppression of apoptosis by the tumor-
promoting agents in pre-neoplastic cells as a 
major role player in tumor promotion. So, the 
ability to induce apoptosis has become a major 
consideration factor in assessing the efficiency of 
chemopreventive agents [26]. Bax, a pro-
apoptotic gene, is a p53 target, as a member of 
the Bcl-2 family, it has shown to be up-regulated 
in series of systems during p53-mediated 
apoptosis [26]. In this study, we have selected 

p53 and its pro-apoptotic oncogene, Bax, to 
determine the mechanisms of action of this 
extract. 
 

Gliricidia sepium is a medium-sized leguminous 
tree, known as Agunmoniye among the Yoruba-
speaking people of Nigeria. It belongs to the 
family Fabaceae with Central America as the 
origin. It has, however, spread to many other 
continents, including Africa. The uses of this 
plant have been reported in many countries for 
different purposes [27]. The aqueous extract of 
the leaf of this plant was reported to have anti-
sickling effects on red blood cells [28]. Extracts of 
the leaf, flower and bark of Gliricidia sepium have 
been used in the treatment of patients with 
pathogenic bacterial infections [29], skin 
diseases [30] and nematodes [31]. Its antioxidant 
and antitumor activities have also been 
documented [32,33] and it also has free radical 
scavenging potentials [34]. 
 
However, we are not aware of any cancer 
screening on this plant extract in the whole of 
Sub-Saharan Africa, though, people are                 
using it every day for unorthodox                  
medication.  
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Extraction of the Plant 
Leaves 

 
G. sepium leaves were collected, identified and 
authenticated with Voucher number 
UILH/002/2019/752 and were deposited at the 
herbarium. Air-dried leaves were blended into 
powder and 100g each was soaked in 1 liter of 
70% ethanol and PE respectively at room 
temperature for 48 hours, on a pre-timed shaker. 
Extracts were filtered through filter paper and 
concentrated on a rotary evaporator (Bibby 
RE100). 
 

2.2 Brine Shrimps Lethality Assay 
 
This assay was carried out following the 
procedure of Quazi et al., [35]. Brine shrimp 
(Artemia salina) eggs (Bay Brand, USA) were 
hatched in natural seawater and incubated for 48 
h in 3.8 g/L seawater. Ten mg of dried ethanol 
extract was dissolved in 1ml of distilled water to 
prepare a stock solution in a clean test tube, PE 
extract was first dissolved in 1ml of DMSO [11]. 
Concentrations of 1 mg/ mL, 100 µg/ mL, 10 µg/ 
mL and 1 µg/ mL were prepared by serial dilution 
from the stock solution. One ml of each 
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concentrated solution was dispensed into five 
test tubes which contains 10 nauplii in 1ml of 
seawater. The negative control group contains 
only 10 nauplii each in 1ml of seawater and 
DMSO respectively, while cyclophosphamide 
was used as the positive control.  The number of 
dead nauplii was counted after 24 hours of 
incubation at room temperature (25°C). Mortality 
endpoint was taken as the absence of controlled 
forward motion during 30 sec of observation. 
Percentage death was calculated using the 
formula below: 
 
% Death = {Number of dead nauplii / (Number of 
dead nauplii + Number of live nauplii)} x100 
  

2.3 Antiproliferative Assay 
 
2.3.1 Preparation and culturing of HCC1395, 

DU145, CT26 and Vero E6 cells 
 
The three cancer cell lines; HCC1395, DU145, 
CT26 and the normal cell line (Vero E6) used for 
this study were obtained from ATCC and stored 
in liquid nitrogen before the commencement of 
the study. The Minimum Essential Medium 
(MEM) used was supplemented with 10% Fetal 
Bovine Serum (FBS), 1% L-Glutamine and 1% 
antibiotic (Penicillin/Streptomycin). 
 
Five ml of the growth medium pipetted into a 15 
ml centrifuge tube and the thawed cell vial 
content was carefully transferred into the medium 
using a 1 ml pipette.  The cells were re-
suspended by up and down pipetting and the 
mixture was centrifuged at 3000rpm for 5 
minutes. The supernatant was carefully decanted 
leaving only the cells as the sediment. Twelve ml 
of the growth medium was added to the sediment 
and re-suspended by gentle up and down 
pipetting. Initial cell density count was done with 
10 μl of the cell suspension using a 
hemocytometer and the remaining was plated at 
40,000 viable cells/10 ml in a T-75 cm² flask. The 
flask was then incubated at 37 ˚C, 5%             
CO2 for 5 days when the confluence was 
achieved. 
 
2.3.2 Cytotoxicity testing 
 
When the cell growth has attained confluence, 
cells were washed with saline phosphate buffer 
and harvested by trypsinization [36]. The cell 
density counting was done by Trypan blue 
exclusion method (TBEM) [37]. An aliquot of 
100µl containing 2.0 ×10

4 
cells/ml suspension 

was seeded into a 96-well plate and incubated at 
37

o
C and 5% CO2 for 24hrs.  

 
After 24hrs, the media were carefully changed by 
pipetting out and replaced with fresh ones. One 
hundred (100) µl of sample extracts serially 
diluted in 3 folds to seven different 
concentrations (100 to 0.137 µg/ml) were added 
on Row H-B of the plate. Only cells and the 
medium were left in Row A which served as the 
negative control. Ten (10) μg/ml of doxorubicin 
serially diluted (10 to 0.1563) was used as the 
positive control. The experiment was done in 
triplicate and the cells were incubated for 48hrs. 
Ten µl of [3 (4, 5 Dimethyl-2-thiazolyl)-2, 5 
diphenyl-2H-tetrazolium bromide)] (MTT dye) 
was added and the plate was further incubated 
for 2 hours at 37˚C in a 5% CO2 saturated  
incubator.  
 
The addition of MTT dye was to measure cell 
metabolic activity. The viability was measured in 
terms of reductive activity, as an enzymatic 
conversion of the tetrazolium compound into 
water-insoluble formazan crystals, by 
dehydrogenases of the mitochondria of living 
cells [38,39].  
 
The amount of formazan formed is directly 
proportional to the number of live cells [38] and 
was confirmed using an inverted light microscope 
before solubilized with 50µl of 100% DMSO. 
ELISA multiplex reader (Applied Biosystem) was 
used to read the optical density (OD) at               
540nm and a reference wavelength of                            
720nm. 
 
The effect of the test extracts on cancer and 
normal cells was expressed in IC50 values (the 
extract concentration which kills 50% of the 
cancer cells) and CC50 values (concentration of 
extract that exerted cytotoxic effects to 50% of 
the normal cells) respectively [40,41]. Selectivity 
Index (SI) which determines the ability of the 
extract to exert selective toxicity to cancer cells 
while sparing the normal cells was calculated 
using:  
 
SI= CC50 / IC50 

 
Where;  
 
CC50 = Concentration of extract that exerted 
cytotoxic effect to 50% of the normal cells.  
IC50 = Concentration of extract that inhibited the 
growth of cancer cells by 50% 
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2.4 Quantitative Reverse Transcription-
Polymerase Chain Reaction (qRT-
PCR)  

 
2.4.1 RNA extraction from HCC1395 and 

DU145 cells 
 
The confluence HCC1395 and DU145 were used 
for the qRT-PCR and RNA extraction was done 
using a commercial extraction kit (BioFactories, 5 
min DNA) as instructed by the manufacturer. 
Cells were treated with the extract concentration 
equivalent to their IC50, a negative control was 
exposed to fresh media only and the set was 
incubated for 48 hours. Cells were disrupted by 
carefully scraping with the aid of a pipette. The 
homogenate was then collected into a                    
tube and kept at room temperature for 5  
minutes.  
 
Media was aspirated and 700 µl of cell RNA 
solution was added with gentle mixing for 30 
seconds. The content was vortexed for 15 
minutes at 10,000rpm after being transferred to 
a microtube at room temperature. The lysate 
was transferred to the column and centrifuged 
for 15 seconds, flowthrough was discarded and 
700 µl of RNA washing solution was added, 
centrifuged for 15 sec and the flowthrough 
discarded. 400 µl of RNA washing solution 
added, centrifuged for 30 sec and flowthrough 
again discarded. The collection tube was 
replaced with a clean microcentrifuge tube and 
100 µl of RNA elution buffer was added, closed 
and vortexed for 15 seconds. It was further 
centrifuged for 15 seconds and the flowthrough 
was reloaded and centrifuge for 30 seconds. 
The concentration of the extracted RNA was 
determined using a Nanodrop spectrophotometer 
(Thermo Fischer). 
 
2.4.2 cDNA synthesis (Reverse transcription) 
 
The cDNA synthesis was carried out from the 
prepared 50 ng/μl concentration of each RNA 
sample. According to the manufacturer’s 
instruction; FIREScript RT Complete Oligo(dT) 
cDNA synthesis kit (Solis Biodyne, Tartu, 
Estonia) was used to reverse-transcribe 10 μl of 
the sample. The reaction mixture was incubated 
at 45˚C for 30 minutes and the RT enzyme was 
inhibited by heating at 85˚C for 5 minutes. The 
synthesized cDNA was kept at -20˚C. 
 

2.4.3 PCR Amplification 
 

The following primers for the genes p53 and Bax 
were generated using the primer designing tool 
of NCBI (www.ncbi.nlm.nih.gov/tools/primer-
blast).  
 

p53 
 
Forward 5'-CTTCCTGCAGTCTGGGACAGC C-
3';  
Reverse 5'-GCAGCTGGGCCTACAGCACACG -
3' 
 
BAX 
 
Forward 5'-CAGGATGCGTCCACCAAGAA-3';  
Reverse 5'-AGTCCGTGTCCACGTCAGCA-3' 
 
HOT FIREPol® EvaGreen® (no ROX) qPCR mix 
kit (Solis BioDyne, Estonia) was used for the 
quantitative polymerase chain reaction and was 
performed in a LightCycler® 480 SYBR Green I 
Master instrument (Roche Applied Science, 
USA). Five microlitres of the cDNA solution was 
PCR-amplified with the forward and reverse 
primers of each of the genes. The total reaction 
volume for the amplification was 20 μl (PCR mix, 
gene-specific primers (10 pmol for each) and 5 μl 
of cDNA). For target genes expression 
normalization, Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used as an 
endogenous control. The three-step PCR cycling 
conditions were used: initial cycle for polymerase 
activation at 95˚C for 10 minutes. Forty cycles of 
denaturation at 95˚C for 15 seconds, annealing 
at 60˚C for 60 seconds and a third extension step 
at 72˚C for 20 seconds. The fold change relative 
to GADPH, the housekeeping gene, was 
calculated using double delta Ct analysis 
[2ˉΔΔCT]. 
 

2.5 Data Analysis 
 

Data obtained were analyzed using a linear 
regression model to get the LC50 and IC50 of the 
extracts and the values were represented as 
Mean ± Standard Error of Mean (SEM). Student 
T-test at 95% confidence interval was used to 
evaluate the significance of the difference 
between the mean values of the measured 
parameters in the respective test and control 
groups. A mean difference was considered 
significant at p < 0.05. 
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3. RESULTS 
 

3.1 Effect of G. sepium Extracts in Brine Shrimps Lethality Assay 
 

 
 

Fig. 1. Result of brine shrimps lethality assay for G. sepium ethanol leaf extract 
The percentage of death and the LC50 values calculated were put together on the same chart. EGS= Ethanol 

extract of Gliricidia sepium, PGS = Petroleum ether extract of Gliricidia sepium, CTZ= Cyclophosphamide 

 

3.2 In-vitro Antiproliferative Study 
 

Table 1. The IC50 value (µg/ml) for HCC1395, DU145, CT26 and CC50 value for VERO E6 Cell 
Lines after Exposure to G. sepium extracts for 48 hours 

 

Cell type Breast Cancer Prostate Cancer Colon Cancer Normal cell 

Cell line HCC 1395 DU 145 CT 26 VERO E6 
PGS  23.55±0.02

a
 12.76±0.17

b
 77.58±0.22

 
 ND 

EGS 3.55±0.01
a
 5.81±0.03

 b
 3.41±0.00

 c
 41.81±0.06

 d
 

DOX 0.54±0.03
a
 0.24±0.03

 b
 2.95±0.04

 c
 0.98±0.01

 d
 

Values are expressed as Mean±SEM, Significantly different values carry the same superscript letter with the 
control, PGS = Petroleum ether extract of G. sepium, EGS= Ethanol extract of G. sepium, DOX= Doxorubicin 

ND=Not Determined 

 

 
 

Fig. 2. Selectivity Index (SI) of EGS and PGS 
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3.3 Apoptotic Study 
 

Table 2. The Fold change calculation for P53 and BAX genes 
 

Gene Cancer 
Cell 

TGCCt HGCCt ∆CCt TGTCt HGTCt ∆TCt ∆∆ct 2-(∆∆ct) 2-(∆∆ct)/2 SEM 

P53 DU145 38.741 34.168 4.573 32.874 34.740 -1.866 6.439 86.80 61.26 25.54 
33.696 34.281 -0.585 5.158 35.72  

HCC 
1395 

38.741 34.168 4.573 35.349 35.829 -0.48 -5.053 33.18 22.56 10.625 
35.349 34.353 0.996 -3.577 11.93 

BAX  DU145 31.591 34.168 -2.577 31.765 34.740 -2.975 -0.398 1.32 1.17 0.15 
31.672 34.281 -2.609 -0.032 1.02 

HCC 
1395 

31.591 34.168 -2.577 32.999 35.829 -2.83 -0.253 1.19 1.05 0.135 
31.899 34.353 -2.454 -0.124 0.92 

Where: ∆CCt = TGCCt – HGCCt, ∆TCt = TGTCt – HGTCt, TGCCt = ct value of gene of interest for control 
(untreated cells), HGCCt = ct value of housekeeping gene (GADPH) for untreated cells, TGTCt = ct value of gene 

of interest for treated cells, HGTCt = ct value of housekeeping gene (GADPH) for treated cells. Double delta ct 
value (∆∆ct) = ∆TCt - ∆CCt. Fold change = 2

-(∆∆ct)
 

 

 
 

Fig. 3. Apoptotic potential of EGS on P53 and BAX biomarkers 
 

4. DISCUSSION  
 
Plants have been the best companion of Human 
beings on the planet earth. Apart from the 
continuous clearing of the planet’s CO2, it has 
served as medication for various illnesses since 
time immemorial, and it’s still serving some 
protective functions as our green neighbors. 
Many generations in the past have depended 
solely on plant materials to solve their medical 
problems [42]. Plants have been used for treating 
various diseases throughout the ages and they 
continue to be a critical source of potent 
anticancer agents due to their contents [43]. 
Some of the plant-derived compounds such as 
vincristine, vinblastine and paclitaxel are still in 
use as chemotherapeutic agents in clinical 
cancer treatment [44]. Most of the available 
cancer therapy has serious side effects [45] it is, 

therefore, important to develop new-selective 
anticancer agents to combat the disease. 
Anticancer potentials of G. sepium have been 
invested for this same purpose. 
 

4.1 Brine Shrimps Lethality Assay 
 
The lethality of the extracts on the brine shrimps 
was classified according to the method of 
Padmaja et al., [46] in the BSLA of this study, 
where LC50 value ≥ 1000 µg/mL was considered 
to be non-toxic, LC50 of 500 to 1000 µg/mL as 
weakly toxic, LC50 of 100 to 500 µg/mL as 
moderately toxic and LC50 ≤ 100 µg/mL as 
strongly toxic. 
 
Fig. 1 showed the result of BSLA. Both ethanol 
and PE extracts are strongly toxic with LC50 ≤ 
100 µg/ml. Based on the grading, they might be 
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having anti-cancer properties. PE extract (LC50 of 
11.95 µg/ml) demonstrated the highest toxicity to 
the shrimps and it’s about eight (8) times more 
cytotoxic than the cyclophosphamide (LC50 of 
98.76 µg/mL) which is the control and a potent 
anticancer drug. The negative controls have zero 
percentage death. 
 

4.2 In-vitro Antiproliferative Study  
 
MTT assay results of growth inhibitory rate were 
used to categorize the antiproliferative activities 
of the extracts based on their Median Inhibitory 
Concentration (IC50). Using the criteria for in vitro 

cytotoxicity after the exposure time of 48 hours 
as established by the U.S. National Cancer 
Institute (NCI); an IC50 < 20µg/ml for crude 
extracts is considered to be highly 
antiproliferative. An IC50 value of between 20-
29µg /ml is said to be antiproliferative, between 
30µg/ml and 100µg /ml is termed moderately 
antiproliferative while above 100µg/ml is 
considered inactive [47]. 
 
The result from this research was comparatively 
compared with a popular anticancer drug, 
Doxorubicin, as there is a dearth of literature as 
regards in vitro anticancer potential of this plant 
extract. The result of the IC50 for HCC 1395, DU 
145, CT 26 and CC50 for Vero cells is 
represented in Table 1. PGS showed varying 
antiproliferative activities; it was high on prostate 
cancer, antiproliferative and moderately 
antiproliferative on breast and colorectal cancer 
respectively. Its concentration that exerted 
cytotoxic effect on 50% of the normal cells was 
greater than 100 µg/ml. All the cancer cell lines 
showed a significantly different increase in the 
IC50 values when compared with the control drug. 
The EGS result also showed a very high 
antiproliferative capability (IC50 <20µg/ml), a 
highly significant increase in the IC50 values 
across the groups (p < 0.05) and high selectivity 
indices that were constant across all the tested 
cell lines. With a CC50 of 41.81µg/ml, EGS could 
be far more selective than doxorubicin in it crude 
form. This indicates that the extracts are not only 
capable of inhibiting cancer growth, but can also 
spare the normal cells in their cytotoxicity activity. 
 
Chemotherapy is one of the most reliable 
methods of treating cancers. While it is desired 
that low doses of drugs should eliminate the 
cancer cells, the inability of those drugs to 
differentiate between the normal and cancerous 
cells posed a far bigger concern [48]. These side 
effects make it difficult to rely only on the 

anticancer activity of drugs, but also their ability 
to select their target amongst the conglomerates 
of body cells. High selectivity with low activity is 
therefore preferred to the otherwise, in cancer 
drug development and this depicts high 
therapeutic value [48]. Throughout the 
experimental studies, EGS displayed selective 
activities and has specifically proved to be a 
potential anticancer drug with a high therapeutic 
index (high activity and high selectivity).  
 

4.3 Apoptotic Study 
 
Apoptosis, also referred to as self-induced cell 
death, plays a key role in cancer cell death and 
growth regulation [49]. In normal cells, the 
apoptosis machinery works perfectly by helping 
the system to get rid of malfunctioning and aged 
cells, which might have impaired cellular 
functions [49,50]. However, in cancer, which are 
abnormal cells that grow uncontrollably at a rapid 
rate and multiply into multifold, their apoptosis 
machinery is impaired. Therefore, an agent 
capable of activating or inducing apoptosis in 
cancer cells is a potential cancer cell death 
inducer and anticancer chemotherapeutic agent 
[51]. The earlier stated results of in-vitro 
antiproliferative studies revealed that EGS 
exhibited strong cytotoxic effects against HCC 
1395 and DU 145 cancer cells. Hence, the 
effects of EGS extract on apoptosis of the cancer 
cells were determined by observing the 
regulation of the apoptotic biomarkers, Bax and 
p53 before and after treating the cancer cells 
with the extract using PCR analysis. The results 
revealed that EGS slightly upregulated pro-
apoptotic Bax in the cancer cells, which depicts 
that the extract induced apoptosis in the cancer 
cells via intrinsic mitochondrial-dependent 
apoptotic pathway [52,53]. Furthermore, EGS 
also upregulated pro-apoptotic protein p53 in the 
two cancer cells with a high fold change (Fig. 3), 
which indicated that the extract activated p53 
mediated cell death pathway [54,55]. The 
activation of the p53 mediated pathway resulted 
in alteration of cell cycle progression and 
subsequent arrest of cell growth mechanism 
[52,56].  
 

5. CONCLUSION  
 
The leaf extracts of G. sepium possess an 
anticancer agent based on the significant activity 
observed in this study. Both ethanol and 
petroleum ether extracts displayed possession of 
antiproliferative potentials. The plant has been 
penned down for further studies that will include 
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bio-guided isolation of anticancer compound, 
purification and characterization. The 
mechanisms of action discovered for EGS is a 
guide to subsequent studies. 
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