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Abstract

Cancer is a global health challenge, with increasing cases and related deaths. Ehrlich Ascites carcinoma (EAC) is a well-
established cancer model. Purslane (Portulaca oleracea L.) is a studied plant rich in bioactive compounds, including
antioxidants, making it relevant in cancer research. Doxorubicin (DOX), a common anticancer drug, has potent effects but
severe side effects. This study investigated the anti-tumor potential of Purslane seed oil methanolic extract (PSO) and its
synergistic effects with the common anticancer drug doxorubicin (DOX) in EAC-bearing mice (n=64). Animals were
randomized into eight groups (8/group): control, PSO alone, DOX alone, PSO+DOX, EAC control, EAC+PSO, EAC+DOX,
and EAC+PSO+DOX. Following intraperitoneal injection of EAC cells (2x10°), mice received 3 weeks of treatment with
PSO (200 mg/kg/day) and DOX (4 mg/kg/week). PSO and DOX treatment alone demonstrated anti-tumor activity, with their
combination exerting a synergistic effect. The PSO and DOX combination showed stronger anti-tumor effects, restoring
antioxidant levels, reducing reactive oxygen species, and decreasing inflammation. PSO induced EAC cell apoptosis,
increasing apoptotic marker caspase-3 and decreasing anti-apoptotic gene Bcl-2 expression. PSO and DOX significantly
reduced EAC proliferation. In conclusion, PSO suppresses EAC tumor growth by improving oxidative balance, reducing
inflammation, inducing apoptosis, and inhibiting proliferation. Further research is needed to clarify mechanisms and confirm
its effectiveness against solid cancers as a dietary or medicinal agent.

Keywords: Portulaca oleracea L; Extract; Anti-tumor; Apoptosis; Ehrlich Ascites carcinoma.

and most reported and known cancers among

1. Introduction females, and it is also the primary and most

Ehrlich ascites cancer (EAC) stands as one of the
most common experimental tumor models. It is an
undifferentiated cancer induced in mice by injecting
Ehrlich cells derived from a spontaneous mouse
mammary tumor. These cells exhibit high
transplantability, rapid growth, a short lifespan, and
100% tumor malignancy without tumor-specific
transplantation antigen [1]. EAC shares similarities
with  human tumors, including sensitivity to
chemotherapy, undifferentiation, and accelerated
growth [2]. Widely employed as an experimental
model, EAC aids in the study of various aspects of
cancer biology, encompassing tumor growth,
metastasis, angiogenesis, and drug resistance [3].
Around the world, breast tumor is one of the main

significant cause of female tumor-related deaths. For
the reasons for modeling, experimental cancers have
extraordinary significance and Ehrlich Ascites
carcinoma (EAC) is one of the most common [4].
Currently, owing to their fewer complications and
side effects, dietary natural compounds including
herbs are gaining popularity in medicine development
[5]. Portulaca oleracea L. (Purslane) is present all
across the world and grows mainly in the subtropics
and tropics, with its origins in South America and
Africa [6]. Based on several reports, purslane is
popular for its phytoremediation, nutritional, and
medicinal effects [7]. Phytochemical studies
indicated that purslane is one of the richest universal
sources of ascorbic acid tocopherols, -3, w-6 fatty
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acids, glutathione (GSH) and B-carotene indicating its
antioxidant, and nutraceutical potential  [6].
Moreover, alkaloids, flavonoids, anthocyanins,
catecholamines, phenolic acids, lignans, terpenoids,
and betalains are only a few of the specialized
purslane metabolites [7]. For humans, these
metabolites have been suggested offer potential
health-enhancing advantages including their use in
folk medicine and treatment of a variety of diseases,
including cancers, diarrhea, urinary infections,
headaches, kidney and cardiovascular diseases,
ulcers, and diabetes [6,7]. Several studies, either on
cultured cells or on animal models, suggest that the
main constituents of purslane have great therapeutic
features such as anxiolytic, antidepressant,
neuroprotective, antimicrobial, antidiabetic,
immunomodulatory, anti-inflammatory, antioxidant
[7], and anticancer (including cytotoxicity and
apoptogenic properties) [8].

Anticarcinogenic activities have been reported for
Purslane. Investigations were carried out to screen the
activities for antihepatocellular carcinoma, colon
cancer, glioblastoma multiforme, ovarian cancer
sarcoma, lung cancer, anti-cervical, gastric cancer,
and pancreatic cancer. Purslane contains bioactive
compounds with antioxidant properties, act on
metastasis and invasion, modulate the immune
system, and inhibit tumor formation [9]. Farshori et
al. (2014) found the anti-cancer properties of purslane
seed extract on human hepatocellular carcinoma
(HepG2) cells. The results of this study revealed that
the purslane seed extract remarkably mitigated the
HepG2 cell viability in a dose-dependent manner.
Furthermore, the purslane seed extract diminished the
typical morphology and adhesion capacity of HepG2
cells. It was concluded that the purslane seed extract
possesses anti-cancer properties in HepG2 cells [10].

It has been shown that purslane seed
polysaccharides notably scavenge superoxide anion,
1,1-diphenyl-2-picrylhydrazyl (DPPH), nitric oxide
(NO), and hydroxyl radicals. Moreover, the purslane
seed polysaccharides prevented red blood cell (RBC)
hemolysis as well as enhanced the spleen, thymocyte,
T and B lymphocyte proliferation isolated from rats
with ovarian cancer [11]. Chen et al. (2010) evaluated
the cytotoxic effects of a sulfated derivative of
purslane seed polysaccharide (POP) on liver (HepG2)
and cervical (HeLa) cancer cell lines. The results
showed that the POP sulfated derivative inhibited the
growth of HelLa and HepG2 cells. It was concluded
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that sulfating POP increased its toxicity for tumor
cells [12].

In cancer chemotherapy, antibiotics based on

anthracycline, including doxorubicin (DOX), have
shown widespread uses. DOX is the most frequently
used anthracycline to treat many human solid cancers
such as malignant lymphoma and acute leukemia
[13,14]. DOX can suppress the cell’s replication
process by intercalating into DNA base pairs and
crossing the tumor cellular membrane [13]. In
contrast, clinical severe side effects are of major
concern, including myelosuppression and
cardiotoxicity and the liposomal drug delivery system
can overcome this issue [13,14].
In this study, we attempted to explore the potential
apoptogenic, anti-proliferative, and antioxidant
effects of PSO methanolic extract on EAC mice
model alone and in combination with DOX.

2. Material and methods
2.1 Animals

The experimental procedures were carried out
following the guidelines set by the Mansoura
University Animal Care and Use Committee (MU-
ACUC), Mansoura University, Egypt, under approval
code number: MU-ACUC (SC. PhD.22.09.1). A total
of 64 healthy adult female Swiss albino mice, with a
mean weight of 25+1.5 gm , were acquired from the
animal house of the Egyptian Vaccine Institute in
Giza, Cairo. The mice were housed under ambient
room conditions with a temperature range of 23.0 +
1.0°C, arelative humidity range of 40-80%, and a 12-
hour light/12-hour dark cycle. They were supplied
with a standard commercial diet containing all
necessary nutrients and tap water ad libitum for two
weeks before the start of the experiments.

2.2 Plant material and Extract Preparation

As a common vegetable, purslane was purchased
from Al-Nagiti Herbs Company in Mansoura, Egypt.
Voucher samples were kept in NAWAH Scientific
Labs, Al-Mokattam, Cairo, Egypt. Under direct
sunlight, the plant seeds were dried and cleaned by
hand to remove any other contaminated small stalks,
stones, and seeds. Then, the purslane seeds were
dried in an oven for 12 hours at 50°C and powdered
by a mechanical grinder. The powder with a particle
size of 0.5-1 mm was kept in a vacuum dryer at
NAWAH Scientific Labs, Al-Mokattam, Cairo,
Egypt until use. The ground samples (3125 g) were
mixed with 6 L methanol and then homogenized for
15 minutes using UltraTurrax T50 IKA Labotechnik.
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The previous procedure was repeated for a second
time. Then the extract was filtered and collected and
dried under vacuum at 40°C producing a brown
residue weighing 138.125 g. The extraction process
was performed according to Abdullah et al. (2020)
with some modifications [15].

2.3 Doxorubicin

Doxorubicin  hydrochloride, synthesized at a
concentration of 2 mg/ml by Pfizer Pharmaceutical
Company, was purchased from ElI Tarshouby
Pharmacy, Mansoura, Egypt.

2.4 Experimental design

EAC cells were acquired from the National Cancer
Institute in Cairo, Egypt. These cells were
consistently  propagated in  mice through
intraperitoneal (ip) transplantation of 2 x 10° cells per
mouse in a volume of 0.2 ml every 7 days. The
treatment started after 2 weeks of transplantation [16].
Mice were divided into eight equal groups (8
animals/each): Group (A): Controls (normal diet).
Group (B): PSO control (mice supplemented with a
normal diet and a daily dose of PSO 200 mg/kg) [17].
Group (C): DOX control (mice supplemented with a
normal diet and DOX (4 mg/Kg/week i.p.) [18]).
Group (D): PSO + DOX control (mice supplemented
with a normal diet, PSO, and DOX). Group (E): EAC
tumor-bearing mice (supplemented with a normal
diet). Group (F): EAC + PSO (after ip injection of
EAC, tumor-bearing mice supplemented with a
normal diet and a daily dose of PSO (200 mg/kg) for
three weeks). Group (G): EAC + DOX (after ip
injection of EAC, tumor-bearing mice supplemented
with a normal diet and DOX (4 mg/Kg/week i.p.) for
three weeks). Group (H): EAC + PSO + DOX (after
ip injection of EAC, tumor-bearing mice
supplemented with a normal diet, a daily dose of PSO
(200 mg/kg), and DOX (4 mg/Kg/week i.p.) for three
weeks).

2.5 Biochemical analysis

The liver was removed from the euthanized mice and
rinsed with ice-cold phosphate-buffered saline (PBS).
The liver was weighed and cut into small pieces (~1
mm) with a scalpel on ice. The liver pieces were
transferred to a glass homogenizer tube and 10
volumes of Tris-EDTA buffer were added. The liver
tissue was homogenized by grinding it with a glass
pestle for 10 minutes on ice. The homogenate was
transferred to a microcentrifuge tube and centrifuged
at 12,000 x g for 15 minutes at 4°C. The supernatant
was collected and stored at -80°C until further
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analysis.[19]. Superoxide dismutase (SOD) catalase
and malondialdehyde (MDA) were performed on the
liver tissue homogenate to measure the oxidative
stress and antioxidant status of the liver. They were
measured using Bio-diagnostic assay Kits (Egypt)
according to the instructions of manufacturers. SOD
activity was measured by the xanthine oxidase
method, which is based on the inhibition of the
reduction of cytochrome ¢ by superoxide generated
from xanthine and xanthine oxidase [20]. Catalase
activity was measured by the colorimetric method,
which is based on the decrease in absorbance at 240
nm due to the consumption of hydrogen peroxide by
catalase [21]. MDA content was measured by the
thiobarbituric acid reactive substances (TBARS)
method, which is based on the formation of a pink
chromogen with thiobarbituric acid at high
temperature and acidic pH [22]. In addition, blood
samples were collected from the mice and
centrifuged to obtain the serum and then the
following assays were performed on the serum to
measure the inflammatory and apoptotic markers of
the mice. Serum reactive oxygen species (ROS) were
quantified using dichlorofluorescein-diacetate
(DCFH) (Sigma Aldrich, USA). ROS level was
quantified by the dichlorofluorescein (DCF) method,
which is based on the oxidation of non-fluorescent
dichlorofluorescein-diacetate (DCFH-DA) to
fluorescent dichlorofluorescein (DCF) by ROS in the
presence of cellular esterases [23]. Serum TNF-a
(RayBiotech, Parkway, LaneSuiteNorcross, USA), C-
Reactive protein (CRP) (BD Biosciences, San Jose,
CA) and Caspase-3 (RayBiotech, Parkway,
LaneSuiteNorcross, USA) were assessed using
commercial ELISA Kkits, in accordance with the
guidelines and instructions provided by the
manufacturer.

2.6 Flow cytometry analysis for Ki-67 and Bcl-2
100 pl of liver tissue sample was combined with 1 ml
of cold PBS in a centrifuge tube and left for 10
minutes at 37°C for fixation. The mixture was then
centrifuged for 5 minutes, and the supernatant was
discarded. Cells were stained in two tubes, one with 5
ul of anti-Ki-67 antibody, and another one with 5 ul
of anti-Bcl-2 antibody. Both samples were kept in a
dark environment and allowed to incubate for fifteen
minutes at room temperature (25°C). After
incubation, the cells were rinsed with PBS
(containing 1% BSA) and then preserved by fixation
with paraformaldehyde (4% in PBS). The intensity of
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cleaved Ki-67 and Bcl-2 was measured using flow
cytometry. The stained cells were acquired on a flow
cytometer (Accuri C6 by Becton Dickinson) and
analyzed using Accuri C6 software [24].
2.7 Flow cytometry analysis of apoptosis by
Annexin V-FITC kit:
100 pl of cell suspension from liver tissue sample
was washed with 1 ml of PBS in a centrifuge tube
and spun for 5 minutes at 1800 rpm. Then the
supernatant was discarded and the pellet of cells was
stained with 5 pl of Annexin V-FITC and 5 pl of
propidium iodide (PI) in 100 pl of 1X Binding
Buffer. The samples were kept in a dark place and
allowed to incubate for fifteen minutes at room
temperature. After incubation, the cells were ready
for acquisition by flow cytometry Accuri C6 Becton
Dickinson. The percentage of cells analysed by
Accuri C6 software represented the quadrant dot plot
to perform the four phases of viable, early, late and
finally necrosis in each group [24].
2.8 Relative gene expression
Liver tissues were harvested from the euthanized
mice and rinsed with ice-cold PBS. The tissues were
weighed and cut into small pieces (~1 mm) with a
scalpel on ice. The tissue pieces were transferred to a
glass homogenizer tube and 10 volumes of RLT
buffer (provided in the RNeasy Mini Kit) were
added. The tissues were homogenized by grinding
them with a glass pestle for 10 minutes on ice. The
homogenate was transferred to a microcentrifuge tube
and centrifuged at 12,000 x g for 15 minutes at 4°C.
The supernatant was collected and stored at -80°C
until further analysis. Total RNA content was
extracted from cells via the RNeasy Mini Kit
(Qiagen/BioRad). Using 10 ng total RNAs/each
sample, expressions of Bcl-2 and Ki-67 genes were
quantified through cDNA synthesis by reverse
transcription using Reverse Transcriptase kit
(Biosystems, USA). Subsequently in a 48-well plate,
the produced cDNA was amplified (Syber Green |
PCR Master Kit) using the Step One instrument
(Biosystems, USA), as a following: 95°C (10 minutes
for enzyme activation), 40 cycles (15 seconds at
95°C, 20 seconds at 55°C and 30 seconds at 72°C for
amplification). By the ACt method, gene expression
changes were normalized relative to GAPDH
(housekeeping gene) mean critical threshold (CT)
values. Primers specific for each gene was added and
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mRNA levels were quantified using the 2 AACq
method. Experiments were performed in triplicate.
2.9 Histopathological analysis
Histopathological examinations were performed to
analyze the cellular structures of EAC control and
treated groups. Samples were collected from the
intraperitoneal mice and washed with PBS. They
were then smeared onto slides and stained with
Hematoxylin & Eosin (H&E) using standard
procedures. The stained slides were observed under a
light microscope at 40x and 100x magnifications.
Typical tumor cells, normal cells with minimal EAC
damage, eosinophilic swallowing bodies, condensed
and fragmented nuclei, as well as numerous pyknotic
cells, were identified. The images were captured
using a digital camera attached to the microscope and
labelled [25].
2.10 Statistical analysis
Variables were represented by mean + SD. In all
analyses, SPSS 20 and GraphPad Prism 8 At each
comparison, statistical significance difference was
determined by one-way ANOVA followed by Tukey-
Kramer as post-Hoc test and was represented by P
value. P<0.05 was considered significant.
3. Results
3.1 Anti-inflammatory and anti-oxidant activity
of PSO

Ip injection of EAC into mice caused a significant
(P<0.0001) increase in inflammatory markers
including CRP (60.8+3.0 vs. 15.2+0.2 ng/mL) and
TNF-a (33.6+1.8 vs. 3.3+0.15 pg/mL) compared to
normal control mice (Table 1). In hepatic tissues, it is
also caused significant increase in lipid peroxidation
(MDA; 9.94+0.31 vs. 7.4+0.14 nmol/g. tissue) and
conversely significant decrease in antioxidants
catalase (73.3+2.5 vs. 130+0.5 U/g. tissue) and SOD
(31.6+1.1 vs. 57.8+0.4 U/g. tissue) (Table 1). Total
ROS production was increased significantly owing to
ip injection EAC (51+0.44 vs. 5+0.21 pg/mL). Mice’
oral administration of PSO extract alone or in
combination with DOX revealed a significant
(P<0.0001) decrease in CRP, TNF-a, ROS and MDA
as well as increase in antioxidants compared to
animals received ip injection of EAC (Table 1).
3.2 Effect on apoptosis

As indicated by microscoic magnification, EAC
tumor cells were characterized with moderate sized
nuclei and abundant dark stained and basophilic
cytoplasm (Fig. 1A).
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Table 1 Ameliorative effects on antioxidants, lipid peroxidation and inflammation markers
) PSO+D EAC+DO EAC+DOX+P P
Variable Controls PSO DOX EAC EAC+PSO
OX X SO value
CRP
(ng/mL) 15.2+0.2 20+2.8  27.8+1.3 245+1.9 60.8£3.0*  26.5:2.5@ 47.8+2.1 31.5+1.7@ 0.0001
TNF-a
(po/mL) 3.3+0.15 45+03  4.9+0.99 3.0+0.75 33.6+1.8*  27.3:2.2@ 21+1.7 15.3+0.94@  0.0001
MDA
(nmol/g. 7.4+0.14 74401  75+0.1  7.5+07  9.9+0.31*  8.7+0.23@ 9.1+0.1 8.9+0.14@ 0.0001
tissue)
ROS
(pg/mL) 5+0.21 10305 12.3+1.0  9+0.82  51+0.44* 41.8+2.2@ 34.8+3.7 24.3+0.5@ 0.0001
Catalase
. 130+0.5 133+0.2  134+15  133.145 73.3+2.5* 107.2+0.92@  114.9+0.8 108.8+1.3@  0.0001
(U/g. tissue)
SOD
(Ung. 578804 552102 561404 53.6425 31.6+1.1*  44.3:0.6@ 45.3+0.4 45.9+0.3@ 0.0001

tissue)

Values represent mean + SD. Differences were assessed using ANOVA test. *Significantly different from control group at p< 0.05. @
Significantly different from control group at p< 0.05. CRP: C-reactive protein; TNF: Tumor necrosis factor; MDA: Malondialdehyde;
ROS: Reactive oxygen species; SOD: Superoxide dismutase. EAC: Ehrlich Ascites Carcinoma; PSO: Purslane seed oil extract; DOX:

Doxorubicin.

Figure 1. Photomicrographs of H&E staining of EAC control and different experimental groups (A)
EAC control group showing typical tumor cells with round shape and definite nucleus. (B and C) EAC
treated with PSO extract and EAC treated with DOX showing nearly normal cells with few damage
EAC (yellow arrow). (D) EAC treated with DOX+PSO extract showing numerous eosinophilic
swallowing bodies (Red arrow) with condensed and fragmented nuclei and numerous pyknotic cells

(yellow arrow).
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Treatment with PSO (Fig. 1B), DOX (Fig. 1C) and
their combination (Fig. 1D) decreased size and
number of EAC tumor cells and appeared with
azurophilic lytic bodies and with a

light stained eosinophilic cytoplasm. Also, these
treatments exhibited apoptotic features including
shrinkage, fragmenting nuclei, nuclear chromatin
compaction, apoptotic bodies, and blebbing plasma
membrane.

To further confirm that PSO provoked cell

apoptosis on EAC cells, apoptotic cells were then
quantified by Annexin V flow cytometric analysis
(Fig. 2). The percentage of early apoptotic cells
represented by the upper right (UR) quadrant was
significantly (P<0.0001) increased by treatment with
PSO, DOX and their combination (Table 2). Also,
detection of an apoptotic marker caspase-3 revealed
that ip injection of EAC significantly decreased
caspase-3 and PSO and DOX treatments reverse this
EAC anti-apoptotic feature (Table 2).

Figure 2. Flow cytometry analysis of annexin-V for the control and EAC, PSO extract and DOX treated
groups. EAC: Ehrlich Ascites Carcinoma; PSO: Purslane seed oil extract; DOX: Doxorubicin. The upper left
(UL) quadrant indicates necrotic cells, the left lower (LL) quadrant corresponds to healthy cells, the upper right
(UR) quadrant represents early apoptotic cells, and the lower right (LR) quadrant represents late apoptotic cells.
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Table 2 Effect on apoptosis and cell proliferation markers

Variable Controls PSO DOX PSO+DOX EAC EAC+PSO EAC+DOX EAC+DOX+PSO I
value
LL 911402 57.1+0.3 60.3£0.22  44.9+7.8 753419 54453 51.243.8 29.842.0 0.0001
2 0.0001
< LR 3.8+0.1 20.7+0.1 24.7+0.1 29.6+£0.3 14.2+1.7 23.3£1.8 20.8+0.1 30+1.0 .
x
€ UL 22:003 701 30301 3.3£0.4 3.5+0.2 4.9+0.4 2.8+0.1 21202 0.0001
<
UR 3.0+0.15 152404 119404  22.2+4.3 7+0.6 17.9+3.1 25.3+3.8 38.242.9 0.0001
Caspase-3
(ng/mL) 20305 184013 17405 14.3+1 113425  29.3+0.96 29.842.4 40.3+1.3 0.0001
Ki-67* 17.440.9 18.7+0.6  20+3.9 21.8417.5 84.5+15 423453 41+18.7 30.845.9 0.0001
BCL-2* 28.4+0.2 26.3+0.8 29.7+0.4 19.7+7 65.5+3.8  42.2+1.4 37.646 38.2+1.2 0.0001

Values represent mean+SD. P<0.05 is significant. Differences were assessed using ANOVA test. The upper left (UL) quadrant indicates
necrotic cells, the left lower (LL) quadrant corresponds to healthy cells, the upper right (UR) quadrant represents early apoptotic cells, and
the lower right (LR) quadrant represents late apoptotic cells. EAC: Ehrlich Ascites Carcinoma; PSO: Purslane seed oil extract; DOX:
Doxorubicin. * Results obtained from labelling using flow cytometric analysis.
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3.3 Effect on EAC proliferative capability
Also, proliferative capability of EAC was
significantly decreased using PSO extract and DOX
as reported using Ki67 nuclear proliferation marker
flow cytometric analysis (Table 2) and also down
regulation of relative gene expression (Fig. 3A).
Moreover, ip injection of EAC caused significant
increase in anti-apoptotic gene BCL-2 as reported by
flow cytometric analysis (Table 2) and relative gene
expression (Fig. 3B).
4, Discussion

Beside its nutritional benefits and potential

uses in folk remedy, purslane has anticancer effects
owing to its antioxidant contents, protective effect
against DNA damage and tumor cells proliferation
and enhance tumor cells apoptosis [11]. There are
very limited data about anticancer effects of PSO
extract particullary against EAC-induced mammry
gland carcinoma; thus, this study aimed to explore
the potential apoptogenic, anti-proliferative and
antioxidant effects of PSO methanolic extract on
EAC mice model alone and in combination with
common comercial anticancer drug DOX.
In this study, mice subjected to ip injection of EAC
showed a significant (P<0.0001) increase in
inflammatory markers including CRP and TNF-a. In
addition, EAC implantation resulted in a notable
elevation in hepatic lipid peroxidation (MDA) and
conversely  significant  decrease in  hepatic
antioxidants catalase and SOD and increased the total
ROS production. Oral injection of PSO extract alone
or in combination with DOX revealed a significant
(P<0.0001) decrease in CRP, TNF-a, ROS and MDA
as well as increase in antioxidants compared to
animals received ip injection of EAC.

In addition to serving as a source of primary
metabolites, purslane also contains varying quantities
of specific secondary metabolites, including organic
acids, phenolic acids, terpenoids, cardiac glycosides,
flavonoids, tannins, saponins, alkaloids, ascorbic
acid, tocopherols, ®-3 and ®-6 fatty acids,
glutathione (GSH), and p-carotene. These various
bioactive ~ compounds,  present in  varying
concentrations, are likely to be primarily responsible
for its antioxidant and anti-inflammatory properties
[6,11,26].

Our results correlate with many studies that
have reported that purslane attenuates the oxidative
state by increasing antioxidant levels and decreasing
lipid peroxidation [27]. Also, PSO anti-inflammatory
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activity reported in our study is in agreement with
many other studies. In vascular diseases, Lee et al.
reported that purslane significantly repressed TNF-a,
intracellular ROS production and the vascular
inflammation process [28]. Also, Xu et al. and Kim et
al. reported that purslane significantly diminished the
secretion of inflammatory factors including
cyclooxygenase 2, prostaglandin E2, 1L-6, TNF-a
and NO synthase [29,30]. As a tool to reduce CRP
levels, a recent meta-analysis concluded a positive
effect of purslane administration [31].

In this study, we examined cytotoxicity and
apoptogenic properties of PSO extract on EAC tumor
cells. Treatment with PSO and DOX exhibited
apoptotic features including decreased size and
number of EAC cells, presence of azurophilic lytic
bodies, light stained eosinophilic cytoplasm,
shrinkage, fragmenting nuclei, apoptotic bodies and
blebbing plasma membrane. This apoptogenic effect
confirmed with Annexin V flow cytometric analysis
that revealed that the percentage of early apoptotic
cells was significantly (P<0.0001) increased by
treatment with PSO, DOX and their combination.
Also, PSO reverse the EAC anti-apoptotic related
decrease of caspase-3 and reverse the increase in anti-
apoptotic gene Bcl-2 as reported by flow cytometric
analysis and relative gene expression.

In line with our results, Rahimi et al
reported the effect of hydro-rehethanolic extract of
purslane on glioblastoma cells (U-87) and they found
the extract had great cytotoxicity effect and enhance
apoptosis induction of tumor cells [32]. In cervical
carcinoma, polysaccharides derived from purslane
induce apoptosis of HelLa and U14 cells through
increasing Bax (apoptotic protein) and decreasing
Bcl-2 [33]. Also, Zhao et al findings showed that oral
polysaccharide of purslane induced apoptosis in U14
tumor bearing mice through increase mitochondrial
Ca2+ and Bcl-2 expression, reduce caspase 3
expression and  prevented  cytochrome ¢
mitochondrial release [34]. In a concentration-
dependent manner, Chen et al suggested that sulfated
derivatives of purslane polysaccharide inhibits cell
proliferation and progression in rats with ovarian
cancer [12]. Moreover in human hepatocellular
carcinoma (HCC) (HEPG-2) cells, nano forms of
purslane extracts blocked cells proliferation and
induced apoptosis [14]. Al-Sheddi et al. reported
cytotoxic effects of PSO on HepG2 and lung cancer
A-549 cell lines [35].
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Figure 3. Effect of EAC, PSO extract and DOX supplementation on (A) Ki-67 relative and (B) Bcl-2 gene
expression. Differences between groups were assessed using ANOVA test followed by Tukey test as a post-hoc
test. P<0.05 is significant. EAC: Ehrlich Ascites Carcinoma; PSO: Purslane seed oil extract; DOX: Doxorubicin.

Portulacerebroside A (PCA), cerebroside
compound isolated from purslane, was reported as a
promising candidate for treating HCC as it
significantly diminished HCC HCCLM3 cell viability
in concentration- and time-dependent manner [36].
PCA increased caspase-3 and caspase-9, stimulates
the release of mitochondrial cytochrome C, disrupted
mitochondrial membrane permeability and elevates
apoptotic cells rates [36]. Also, apigenin, another
purslane constituent, was reported to significantly
and potently inhibits glioblastoma cell proliferation
by inhibition of AKT/mTOR signaling pathways and
inducing the apoptosis [37]. In addition, anti-glioma
activity of kaempferol was suggested through
induction of apoptosis [38]. Therefore, polyphenolic
compounds such as polysaccharides, and apigenin
and kaempferol may accompany PSO apoptogenic
and cytotoxic effects on EAC.

Ki-67 antibodies is closely related to tumor
malignancy degree and it is considered as well
tumour proliferation marker [39]. In this study,
proliferative capability of EAC was significantly
decreased using PSO extract and DOX as reported
using Ki-67 flow cytometric analysis and also down
regulation of relative gene expression. This finding is
in agreement with results of Jia et al as they found
that purslane polysaccharides boost the immune
effectiveness of dendritic cell vaccines. and
decreased ki-67 level of breast cancer cells [40].

3. Conclusion
PSO methanolic extract could supress the EAC

tumor growth by intraperitoneally administration and
the mechanism may be related to ameliorating the
oxidative state and antioxidant system, reducing

Egypt. J. Chem. 67, No. 5 (2024)

inflammation and inflammatory markers, inducing
tumor cell apoptosis and constraining tumor cell
proliferation. These results enhanced understanding
that PSO may be used as a drug or dietary agent for
strengthening the human body and immunity against
different common solid cancers but further studies
are urgently needed to support the idea and deeply
focusing on related mechanisms.
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