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ABSTRACT

Atriplex halimus has demonstrated antiproliferative properties, yet its effects on Ehrlich solid tumor (EST)
remain unexplored. This research sought to investigate the therapeutic effect of A. halimus ethanolic extract on EST
in mice and elucidate its underlying mechanisms of action. To achieve our goal, Swiss albino mice were used to
induce EST and divided into four groups negative control, untreated EST, EST treated with 180 mg/kg A. halimus
extract, and EST treated with 360 mg/kg A. halimus extract. Gene expression, protein levels, and DNA damage in
tumor tissues were assessed using gRT-PCR, western blot, and comet assay. Our results showed significant tumor
size reduction in EST in mice treated with both low and high doses of A. halimus crude extract compared to untreated
EST mice. Real-time PCR and protein expression analyses revealed that A. halimus extract activated apoptotic
mechanisms, leading to increase expression of p53, Caspase 3, and cdc2 while downregulating Bcl-2 at the mRNA
level in treated EST in mice. Furthermore, the comet assay demonstrated the genotoxic potential of A. halimus on
solid tumor cells.Our findings show that A. halimus may be a promising natural source of anti-proliferative agent
for cancer. However, further clinical trials are necessary to prove its effectiveness and safety for therapeutic use. This
research provides valuable insights into the molecular mechanisms underlying the antitumor effects of A. halimus
and highlights its potential in cancer treatment strategies.
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INTRODUCTION

Cancer remains a primary cause of illness and death
across the globe. According to WHO 2018, It is estimated
that the global incidence of cancer had become 18.1 million
new cases in 2018, which led to 9.6 million fatalities.
Developing novel and effective therapeutic strategies is
necessary (Sung et al., 2021). In recent years, there has been
growing interest in medicinal plants as potential sources of
anticancer agents, due to their diverse bioactive constituents
and generally lower toxicity profiles compared to synthetic
drugs (Dar et al., 2017, Newman and Cragg, 2020).

Atriplex halimus L. belongs to Amaranthaceae
family (formerly Chenopodiaceae). The plant occurs
naturally across the Mediterranean, Sinai Peninsula,
Arabian Peninsula, and East Africa, according to (Boules,
1999, Walker et al., 2014). Traditionally used in folk
medicine for various ailments, A. halimus has recently
gained attention in the scientific community for its potential
medicinal properties, including anti-inflammatory and
antioxidant activities (Khaldi et al., 2015, Alhamadani et al.,
2023). Previous investigations have suggested that A.
halimus exhibits antiproliferative effects, and highly
cytotoxic effects on MCF-7 and HepG2 cell lines (Boulaaba
et al., 2013, Al-Senosy et al., 2018 & Alhamadani et al.,
2023). However, its impact on solid tumors in vivo,
particularly the Ehrlich solid tumor (EST) model, has not
been thoroughly investigated.

The Ehrlich solid tumor model, which originated
from a spontaneous mice mammary adenocarcinoma, is
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widely used in cancer research due to its rapid growth and
reproducibility (Ozaslan et al., 2011). This model provides
valuable insights into tumor progression and serves as a
platform for evaluating potential anticancer agents (El-
Magd et al., 2017& Elsayed et al., 2020). To promote tumor
growth, EAC induces a local inflammatory reaction with
accumulated vascular permeability, resulting in severe
oedema, increasing ascitic fluid generation, and cellular
migration (Mutar et al., 2020). Without medication, the
animal may perish 17-18 days after EAC injection due to the
rapid proliferation of EAC cells, which fill the peritoneal
cavity with ascitic fluid (Magdy et al., 2020).

Programmed cell death, or apoptosis, is a critical
factor in the progression and treatment of cancer. The tumor
suppressor p53, the anti-apoptotic protein Bcl-2, and the
executioner enzyme caspase-3 are among the primary
regulators of apoptosis. (Mahani et al., 2015, Pistritto et al.,
2016). Additionally, cell cycle regulators such as cdc2 (cell
division cycle 2) are important in controlling cell
proliferation ~ (Malumbres and  Barbacid  2009).
Understanding how potential anticancer agents modulate
these molecular pathways is essential for elucidating their
mechanisms of action.

The Comet test was used to identify potential DNA
fragmentation in tumor cells following various therapies
(Sharawi 2020).

The current research aimed to evaluate the
therapeutic effect of A. halimus ethanolic extract on Ehrlich
solid tumor in mice and to elucidate its underlying
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mechanisms of action. By examining the effects of A.
halimus on tumor growth, apoptosis-related gene
expression, and DNA damage, this research seeks to provide
comprehensive insights into its anticancer properties. The
results of this study may have the potential to enhance the
development of innovative, plant-based cancer treatment
strategies and provide a more comprehensive understanding
of the molecular pathways that are involved in the antitumor
effects of A. halimus.

MATERIALS AND METHODS

Plant Collection and Extract Preparation

The Atriplex halimus plant was gathered from Wadi
Gharandal in South Sinai, Egypt, by Dr. Mohamed Abd El-
Maboud of the Desert Research Center, Egypt. It was
subsequently identified in the Medical and Aromatic
Laboratories of the Horticulture Department at the Faculty of
Agriculture, Ain Shams University. The ethanolic extract of
A. halimus was prepared according to Al-Senosy et al., 2018.
Animals and Experimental Design

Male Swiss albino mice (6-8 weeks old, weighing
20-25g) had been obtained from The National Cancer
Institute at Cairo University. The animals were kept in
polypropylene cages (7 mice/cage) under typical laboratory
circumstances (25 to 27°C, 12h light/dark cycle, humidity
of 55 to 57%) with free access to conventional pellet food
and water ad libitum.

Male Swiss albino genotype mice (6-8 weeks old,
weighing 20-25g) had been obtained from The National
Cancer Institute at Cairo University. The animals were kept
in polypropylene cages (7 mice/cage) under typical
laboratory circumstances (25 to 27°C, 12h light/dark cycle,
humidity of 55 to 57%) with free access to conventional
pellet food and water ad libitum.

To sustain Ehrlich ascites carcinoma (EAC) cells in
mice, 1x106 cells were inoculated intraperitoneally weekly.
On day zero (DO0), the Ehrlich ascites carcinoma (EAC) was
intramuscularly injected with just one dose of 0.2 mL EAC
(2x106 cells) in the femoral region to induce the Ehrlich
solid tumor (EST) (Fahim et al., 1997).

Twenty-eight mice were randomly split into four groups

(n=7 per group):

o Group I: Negative control (C) (no tumor, no treatment)

e Group II: EST control (EST) (tumor-bearing, no
treatment)

o Group I1I: EST + 180 mg/kg A. halimus extract.

o Group IV: EST + 360 mg/kg A. halimus extract.

The Atriplex halimus ethanolic extract was
administered day after day by intratumoral injections three
times a week for two weeks, starting 24 hours after solid tumor
induction (tumor formation). Control groups were given an
identical volume of the vehicle (distilled H20) (Li et al., 2007).

after each treatment of the experiment on 2nd, 4th,
6th, 8th,10th, and 12th days samples were taken and the
mice were killed via beheaded under ether anesthesia. The
tumors were subsequently separated into three distinct
portions: one part was conserved in 10% formalin for
histopathological analysis, another part was stored at -80
degrees Celsius for RT-PCR and western blotting, and the
last section was preserved at -20 degrees Celsius for comet
assay procedures.

Tumor Reduction Rate

The formula used to express the tumor reduction rate
is adhered to: Tumor reduction rate (%) = (Average of tumor
weight in Control group — Average of tumor weight in
Treated group) / (Average of tumor weight in Control
group) x 100.
Histopathological Inspection

After fixation, the tumors were covered in paraffin
and sectioned into 4 um slices. These slices were dyed with
Hematoxylin and Eosin and inspected using a light
microscope.

Table 1. Primer Sequence for Tumor and Housekeeping

Genes
Genes Primer Sequence References
p53 F:5' CCCAGGTCCAGATGAAG-3' (Sharawi,
R: 5 CAGACGGAAACCGTAGC-3 2020)

Bcl2  F:5 CATGCCAAGAGGGAAACACCAGAA3Z’  (Sharawi,
R: 5 GTGCTTTGCATTCTTGGATGAGGG3*  2020)

caspase3 F:5’ TTCATTATTCAGGCCTGCCGAGG3®  (Sharawi,
R: 5 TTCTGACAGGCCATGTCATCCTCA 3’ 2020)

Cdc2 F: 5 AAGTGTGGCCAGAAGTCGAG3’ (Sharawi,
R: 5 TCGTCCAGGTTCTTGACGIG 3’ 2020)

B-actin  F:5° CTGTCCCTGTATGCCTCTG3*  (Sharawi,
R: 5 ATGTCACGCACGATTTCC3’ 2020)

Analysis of Gene Expression in Apoptosis-Regulatory
Genes

The Gene JET RNA Purification Kit (Thermo
Scientific, # K0731, USA) was employed to extract total
RNA from tumor tissues following the company's
guidelines. RNA purity and concentration were evaluated
spectrophotometrically. ¢cDNA was synthesized via a
reverse transcription kit (Applied Biosystems) following the
company's protocol.

Real-time PCR was conducted with SYBR Green
PCR Master Mix (Applied Biosystems) on Step One Plus
Real-Time PCR System. Table 1 contains the primers for
tumor genes and housekeeping genes (Sharawi, 2020). gRT-
PCR mix and condition were carried out according to Sharawi,
2020 The 224CT method (Livak and Schmittgen 2001) was
utilized to assess the relative gene expression compared to
housekeeping gene (B-actin) serving as the internal control.
Protein Expression Analysis (Western Blot)

A methodology defined by Sharawi, 2020 was
employed to evaluate alterations in the expression of p53,
caspase 3, and Bcl2 proteins after various treatments.
Western blot was subsequently performed.

DNA Damage Assessment (Comet Assay)

The comet test was conducted as previously
explained (Badawy et al., 2018, EI-Magd et al., 2019, Effat
etal., 2023) to determine the effect of various treatments on
DNA fragmentation in tumor tissues. The DNA samples
were dyed using GelRed dye, resulting in a red color under
a fluorescence microscope. The Komet 5 image analysis
program (Kinetic Imaging, Liverpool, UK) was used to
assess DNA damage metrics such as comet tail length,
percentage of destroyed DNA, and tail moment. Each
sample had around 50 to 100 cells examined.

Statistical analysis

The means + standard error (SE) were used to
describe all results. The statistical significance was assessed
using SPSS 18.0 software and a one-way ANOVA. Values
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were deemed statistically significant when P<0.05. Tukey's Tumor weight (g)

Honestly Significant Difference (HSD) test was employed aso

to conduct a comparison of means. a0 383 3.90 3% 400
RESULTS AND DISCUSSION 350 =

Results
Effect of Atriplex halimus on tumor growth
Ehrlich solid tumor mice (EST) model

Tumor weight (g)
~
o
o

The Ehrlich solid tumor (EST) mice model was 150
generated via intramuscular injection of EAC cells into mice 56
using 2 doses (180, 360 mg/kg) day after day for 12 days to ndday  athday  Gthday  sthday  10thday 12thday
assess the antitumor properties of Atriplex halimus extract. Treatments

The tumor weight readings were taken concurrently = Untreated control €T = A halimus 180mg A holimus 360me
with dose administration. The results showed an increase in ~ Fig. 1. Impact of Atriplex halimus extract (two doses) on
tumor size in the EST group, while treatment with Atriplex tumor growth of EST mice model.

halimus extract significantly reduced tumor size in EST-
bearing mice. Compared to the untreated EST group, mice
receiving 180 mg/kg and 360 mg/kg of A. halimus extract
showed 45% and 63% reduction in tumor volume by day 12
(p<0.01). Moreover, the high-dose treatment showed more 50.0
reduction with significant differences (Fig 1 and 2).
Effect of Atriplex Halimus on Tumor Cell Histology
Anaplastic cells with mitotic figures were observed
in the histological inspection of tumor masses in the EST
group, and there was no proof of cell death or apoptosis (Fig.
3A&B), where the yellow arrow showed the cell division; 0.0
Fig. (3A) illustrated cell in metaphase and Fig. (3B)
demonstrated cell in telophase. Nevertheless, both treatment
groups exhibited distinct characteristics of extensive
necrosis, such as nucleus atrophy, a disintegrating and
structureless red staining region, and apoptosis (Fig. 3C) in
conjunction with necrosis (Fig. 3D).

Reduction Rate %

Reduction Rate %
w
o
o

2nd day 4thday  6th day 8th day 10thday 12th day

Treatments

«—A, halimus 180mg  ~#-—A. halimus 360mg

Fig. 2. Diagram for the tumor inhibition % of Atriplex
halimus extract (180 mg and 360 mg/kg) on
tumor growth of EST mice model.

v. 5 5

sections have been dyed with H&E. In the control group EAC (A
and B) the tumor masses were formed of anaplastic with mitotic figures (yellow arrow showed metaphace (A)
and Telophase (B)) (40x). C and D) Sections of tumor tissues in mice treated with Atriplex halimus (180 mg/kg
and 360 mg/kg) illustrated massive necrosis and apoptotic cells. (C and D) illustrated the structural
heterogeneity of the tumor, which is characterized by the interspacing of viable areas by necrotic zones that
have been infiltrated (N and circle).

Impact of Atriplex Halimus Crude Extract Altered the  halimus is linked to the expression levels of genes that
Expression Level of Cell Cycle Regulatory Genes and  regulate the cell cycle and apoptosis. Therefore, quantitative
Apoptotic Genes Real-time PCR was carried out and samples were taken on

Based on the reduction rate of solid tumor tissues,  the 2M, 4™ 6%, 8 10", and 121 days, all samples exhibited
we aim to verify whether the antiproliferative effect of A.
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melting curve peaks at approximately the same Tm for the
target sequence of each gene tested.

In general, the gRT-PCR analysis revealed
significant alterations in the expression of apoptosis and cell
cycle-related genes. Significant increases in gene expression
of p53, caspase3, and cdc2 genes were observed after each
treatment compared to the previous treatment when
compared to the Ehrlich solid tumor (EST) experiment.
While the gene expression of Bcl2 was decreased, showed
in Figs (4, 5, 6, and 7), respectively.

On day 12, the expression of p53 was significantly
up-regulated in tumor tissues, showing a 6.79-fold in the
group treated with a low dose and a 13.17-fold in the group
treated with a high dose, in comparison to the untreated EST
group (Fig. 4). The other apoptotic gene (caspase3) also
showed increased expression after treatment with A.
halimus, as the gene expression was 1.99 times at the low
dose and 3.90 times at the high dose (Fig. 5). Conversely,
bcl2 significantly decreased in expression level (3.47-fold
with the low dose and 1.63-fold with the high dose), as
compared to the untreated EST (8.69 fold) (Fig. 6).

Additionally, treatment of A. halimus at doses of 180
mgkg and 360 mgkg, resulted in a significantly increased
The cell cycle regulator cdc2, exhibiting gene expression
increases of 2.48-fold and 3.09-fold, respectively, as
compared to the untreated EST, p<0.05 (Fig. 7).

p53 Gene

15.00 360mg
8.6120.24 —a-180mg
6.5320.08
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13s80.11 1.79t0.01 2128015
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0750002 0.84t0.01 093001 10040.001  10140.008

072401
0.00

Relative Quantification

2nd day ath day 6th day 8th day 10th day 12th day

Treatments

Fig. 4. The impact of A. halimus on the p53 gene
expression after exposure to 180 mg/kg and 360
mg/kg was assessed in comparison to the

untreated EST group using gRT-PCR.
Data showed as mean +SE.
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Fig. 5. The effect of A. halimus on the caspase3 gene after
exposure to 180 mg/kg and 360 mg/kg was
assessed in comparison to the untreated EST
group using gRT-PCR.

Data showed as mean +SE.
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Fig. 6. The effect of A. halimus on the Bcl2 gene after
exposure to 180 mg/kg and 360 mg/kg was
assessed in comparison to the untreated EST
group using gRT-PCR.

Data showed as mean +SE.
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Fig. 7. The effect of A. halimus on the cdc2 gene after
exposure to 180 mg/kg and 360 mg/kg was
assessed in comparison to the untreated EST
group using gRT-PCR.

Data showed as mean +SE.

These results revealed that Atriplex halimus enhanced
the activity of the tumor inhibitory gene (p53), which is
essential for cell cycle control, the repair mechanism, and
apoptosis (programmed cell death). As well as they activated
the expression of caspase3 gene, which is a clear indicator of
cell death programs. Moreover, the expression of cdc2 was
elevated, while the expression of anti-apoptotic bcl2 was
reduced, which enhances the survival of altered cells and
assists in the development of cancer (Aswathi, et al. 2024).
All the above indicates that Atriplex halimus plant ethanolic
extract suppressed the cellular proliferation of EST tissues via
induction of the apoptotic pathway.

To decrease the detrimental consequences of
reactive oxygen species (ROS), the p53-enhanced
antioxidant mechanism by elevated GST (glutathione S-
transferase) levels was implemented. Assessment of bcl2,
caspase3, and p53 expression is a prevalent method
employed to analyze apoptosis in response to treatment with
related compounds. For instance, HepG2 cells have been
reported to undergo either downregulation of bcl2 or
upregulation of p53 and caspase 3 following the induction
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of apoptosis by other compounds (Aswathi, et al. 2024).
This finding is consistent with the results of Al-Senosy et al.
(2018) and Elbouzidi et al. (2022), who observed that
Atriplex halimus inhibited the proliferation of HepG2 cells
by activating apoptosis. Simultaneously, the antitumor
effect of A. halimus -induced cancer cell mortality may be a
result of caspase3 activation, as indicated by the current
study (Elbouzidi et al., 2022).

These results agree with Alhamadani, et al., (2023),
who noted that extract of A. halimus exhibits anticancer
properties and induction of apoptosis on HepG2 cells.
Furthermore, the A. halimus extract has shown considerable
antioxidant activity and confirmed that A. halimus possesses
the potential for incorporation into medicinal formulations,
owing to the presence of a blend of kaempferol, quercetin,
and other bioactive compounds.

In the primary cell culture of human liver carcinoma
selected for this investigation, A. halimus extracts
demonstrate anticancer effects, which can be enhanced by
morphological changes that promote the induction of
apoptosis. Additionally, the extract of A. halimus
demonstrated  significant antioxidant properties as
evidenced by the measurements of catalase and superoxide
dismutase enzymes. This plant extract has the capability to
be incorporated into medicinal products. As a result of the
presence of a mixure of kaempferol and quercetin, as well
as other compounds that are bioactive.

Impact of A. halimus on apoptosis-related proteins

Western blot examination was carried out to assess
altrations in the levels of p53, bcl2 and caspase3 proteins in

the EST mice after treatment by A. halimus in comparison
with negative control and untreated EST. The expression
level of p53 and caspase3 proteins were remarkably
upregulated, and the expression of bcl2 was downregulated
after A. halimus (180mg/ kg and 360mg/ kg) treatment in
comparison with the negative control and untreated EST
groups (Table 2 and Fig. 8). In all cases, groups treated with
high doses showed a significantly elevated p53 and
caspase3 expression than the low dose-treated group.
Nevertheless, there was no discernible distinction in bcl2
expression among the two doses under investigation.

The expression level of p53, and Caspase 3 proteins
were significantly up regulated with relative densities of
4.36+0.25 and 5.18+0.32 for p53, moreover, 2.58+0.11 and
5.60+0.37 for caspase3 after treated with A. halimus
(180mg/ kg and 360mg/ kg), respectively, in comparison
with untreated EST group 0.96+0.07 for p53 and 0.90+0.07
for caspase3 gene. While the expression protein of bcl2 was
down-regulated after treatment by A. halimus with relative
densities of 0.34+0.02 in 180mg/kg and 0.19+0.01 in
360mg/kg treatments, respectively. These results
are recorded in Table (2).

These results confirmed that the A. halimus extract
encourages apoptosis by activating p53 and caspase3, and
inactivating bcl2, as confirmed by gene expression of RNA
and protein investigations. These data collectively indicate
that A. halimus may be a viable candidate for the production
of anticancer drugs.

Table 2. Band quantification of p53, caspase 3 and Bcl-2 proteins expression after treatment by A. halimus extract

with two concentrations.

P53 protein expression

Caspase 3 protein expression Bcl-2 protein expression

Group Relative density

Relative density Relative density

Untreated EST 0.96+0.07
A. halimus (180mg/kg) 4.36+0.25
A. halimus (360mg/kg) 5.18+0.32

0.90+0.07 0.99+0.08
2.58+0.11 0.34+0.02
5.60+0.37 0.19+0.01

Different superscript letters in the same column of tail length showed significant differences at P< 0.05.
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Fig. 8. Western blot profiles illustrated the impact of A.
halimus extract treatment on protein expression
of p53, caspase3, and bcl2 in EST tumors in
comparison to (untreated) EST and negative
control groups. The internal control protein was
P actin.

The impact of A. halimus on DNA fragmentation

In this study, the assessment of the DNA
fragmentation (using the single cell gel-electrophoresis
(comet assay) in an Ehrlich solid tumor cell exposed to the
A. halimus was determined. In comparison to the untreated
EST group, the A. halimus ethanolic extract produced
significant DNA fragmentation in EST tissues, as evidenced
by an increase in tailed DNA %, untailed DNA %, tail DNA
%, and tail moment (Table 3 and Fig. 9) in the low and high
doses of A. halimus.

Our results revealed that A. halimus induced
substantial DNA fragmentation which was evident from the
appearance of comet length 6.72+0.34 in 180mg/kg and
8.82+0.46 um in 360mg/kg which was much more than that
in the untreated EST group (2.2440.13um). The high doses
of A. halimus inflicted significantly higher fragmentation
effect on DNA of EST cells than low doses, in tail DNA
percentage was 2% in EST, while, 17% in low dose
(180mg/kg) and 26% in high dose (360mg/kg), These
results noted in Table (3). The treated groups showed a
significant increase in the tail length of the comet (as an
indicator for DNA fragmentation).
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These results indicate that A. halimus ethanolic
extract possesses antitumor potential, evidenced by its

ability to induce apoptosis in EST cells through severe DNA
fragmentation compared to the negative control.

Table 3. Detection of DNA fragmentation by the comet assay

Group Tailed DNA (%) Untailed DNA (%) Tails length (um) Tail DNA (%) Tail moment
EST 2 98 2.24+0.13°¢ 21 3.96
A. halimus (180 mg) 17 83 6.72+0.34° 481 3232
A. halimus (360mg) 26 74 8.82+0.462 7.45 65.71

A significant difference was observed at P< 0.05 when various superscript letters were used in the same tail length column.

-
Fig. 9. Comet images illustrated DNA fragmentation in Ehrlich solid tumor (EST) cells. (A) represents DNA strand

in negative control mice, (B) represents DNA strand breaks of untreated EST, (C) EST after treating with
180mg/kg of A. halimus extract, and (D) represents EST after the exposure to A. halimus extract.

Discussion

The present study demonstrates the potent antitumor
effects of Atriplex halimus extract on Ehrlich solid tumor in
mice, providing insights into its potential mechanisms of
action. The observed tumor growth inhibition aligns with
previous studies on other medicinal plants, suggesting that
A. halimus may contain bioactive compounds with
antiproliferative properties (Al-Senosy et al., 2018, Attia et
al., 2022).

The purpose of this investigation was to assess the
potential anti-mutagenic and anti-carcinogenic impacts of
the A. halimus, on Ehrlich solid tumors in mice. As far as we
are aware, this research may be the first to report that A.
halimus has an anti-cancer activity against EST. This
overall conclusion was derived from the findings that
treating with A. halimus led to the following: 1) a reduction
in the volume of tumor; 2) an elevated level in tissue
necrosis and apoptosis (as proven by histological
inspection); 3) downregulation of the bcl2 gene and protein;
4) upregulation of the p53 and caspase3 gene and protein,
as well as the DNA fragmentation.

Suppression of apoptosis is considered an important
initial factor in tumorigenesis development, which allows
uncontrollable proliferation of the cell. Consequently, the
induction of apoptosis serves as the primary mechanism of
mode of action for most anti-cancer agents (Chaudhry et al.,
2022).

Several studies have concentrated on the critical
function of p53 in the equilibrium among proliferation and
apoptosis (Polager and Ginsberg, 2009). The p53 gene is
essential for the suppression of the G2/M transition during the
G2 checkpoint, which ensures that any potential deleterious

effects are prevented after that point. Additionally, it controls
the equilibrium between the antiapoptotic bcl2 gene and the
proapoptotic bax gene via its gene expression (Leu et al.,
2004). The bcl2 genes are essential for the regulation of the
mitochondrial mechanism of apoptosis (Dewson and Kluck,
2010). This pathway is composed of pro-apoptosis genes
(puma, bax, bim, bid, noxa), anti-apoptosis genes (bcl2, bcl-
xI), and one of the permeability of mitochondrial transition
pores (Chen and Lesnefsky, 2011). bcl2 can maintain the
permeability of the mitochondria transition and prevent the
excretion of cytochrome ¢, which would otherwise deactivate
caspase (Li et al., 1997). Caspases are significant regulators
of programmed cell death (apoptosis). caspase3 is a death
protease that is frequently activated and is responsible for the
precise cleavage of numerous critical cellular proteins. The
caspase3 is crucial for particular steps that are linked to the
disruption of the cell and the formation of apoptotic bodies.
However, it may also operate prior to or during this phase
when cell viability is necessary (Porter and Janicke, 1999).
Declaration
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