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ABSTRACT 

Purslane seed oil (PSO) is a herbal extract with antioxidant and anti-inflammatory properties that may 

enhance the efficacy and reduce the toxicity of doxorubicin (DOX), a potent anticancer drug. This study 

investigated the effects of PSO and DOX on the cell cycle and kidney and liver function in Ehrlich ascites 

carcinoma (EAC) mice, a widely used experimental model of cancer. Forty female mice were randomly 

assigned to five equal groups (n = 8/group) with distinct treatment regimens: control, EAC control, 

EAC+PSO, EAC+DOX, and EAC+PSO+DOX. After EAC cell injection (2x10⁶), mice received 3 weeks 

of treatment with PSO (200 mg/kg/day) and DOX (4 mg/kg/week). The cell cycle analysis and 

biochemical assays performed on EAC-bearing mice showed that PSO and DOX exerted different and 

synergistic effects on the cell cycle and apoptosis of EAC cells, and that their combination reduced the 

deterioration of the kidney and liver function parameters in EAC-bearing mice. These findings suggest 

that PSO could be a potential complementary agent to DOX in the treatment of EAC and other cancers, as 

it could enhance the antitumor and organ-protective effects of DOX. 
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1. INTRODUCTION 

Cancer is characterized by the accelerated and unregulated development of anomalous cells, which can 

coalesce to form a tumor or disseminate throughout the body, indicating irregular growth at diverse 

locations [1]. Current scientific investigations are primarily directed towards identifying both natural and 

synthetic compounds for potential use in preventing and/or treating cancer. Within modern medicine, 

chemotherapy is recognized as the most efficacious approach to cancer treatment [2]. 
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Regrettably, existing cancer chemotherapeutic agents exert subtle adverse effects on host cells, 

particularly impacting bone marrow, epithelial tissues, reticulo-endothelial system, and gonads [3]. 

Numerous antineoplastic agents induce severe and prolonged toxicities, potentially irreversible, 

particularly affecting the heart, lungs, and kidneys [4]. To minimize unwanted toxicity, a strategy 

involves the utilization of novel natural products that may operate through distinct mechanisms and/or 

induce fewer or different side effects. Consequently, natural products are now regarded as exceptionally 

valuable in the development of potent anticancer drugs with minimal host cell toxicity and notable 

antioxidant potential [5]. 

The Ehrlich tumor, initially characterized as a spontaneous murine mammary adenocarcinoma, 

presents as a rapidly growing carcinoma with highly aggressive behavior, capable of thriving in nearly all 

mouse strains [4]. In its ascitic form, it serves as a transplantable tumor model for investigating the 

antitumor effects of various substances [6]. 

The use of natural compounds or herbal extracts with anticancer and antioxidant properties represents 

a promising strategy in cancer research. These agents offer multiple benefits, including enhancing the 

immune system, modulating the tumor microenvironment, inhibiting angiogenesis and metastasis, and 

sensitizing cancer cells to chemotherapy [7]. Portulaca oleracea L. (Purslane), a medicinal plant with 

potential anticancer effects, is highlighted for its diverse pharmacological activities [8]. Purslane seed oil 

(PSO) methanolic extract, rich in flavonoids, is particularly noteworthy [9]. Flavonoids, such as 

kaempferol, apigenin, myricetin, quercetin, and luteolin, present in PSO, have been shown to exert 

anticancer effects in various cancer models. The flavonoids modulate cellular signaling pathways, 

impacting gene expression related to cell cycle regulation, apoptosis, angiogenesis, metastasis, and 

inflammation [10]. Additionally, they enhance cancer cell sensitivity to chemotherapy and protect normal 

tissues from oxidative damage [10]. The purslane powder extract contains nineteen identified phenolic 

acids, with ellagic acid being the dominant compound [11]. Overall, pursuing these natural compounds 

for anticancer interventions show promise in both in vivo and in vitro settings [12]. This study explored 

the antineoplastic potential of Purslane seed oil (PSO), focusing on a methanolic extract, in a Swiss albino 

mice model of Ehrlich ascites carcinoma. 

2. METHODS AND MATERIALS 

2.1 Animals 

This study adhered to the rigorous ethical guidelines established by the Mansoura University Animal 

Care and Use Committee (MU-ACUC) under approval number MU-ACUC (SC. PhD.22.09.1). Forty 

healthy, adult female Swiss albino mice with an average weight of 25 ± 1.5 grams were obtained from the 

Egyptian Vaccine Institute's animal house in Giza, Cairo. Prior to the experiment, the mice underwent a 

two-week acclimatization period under controlled conditions. Specifically, the environment maintained a 

temperature range of 23.0 ± 1.0°C, a relative humidity range of 40-80%, and a 12-hour light/12-hour dark 

cycle. During this period, the mice had unlimited access to a standard commercial diet purchased from El-

Nasr Company for Chemicals and Fertilizers, Egypt. The diet composition is as follows: crude protein 

18%, crude fiber 4%, crude fat 3%, ash 8%, and moisture 10% and received unrestricted tap water. 

2.2 Plant material and Extract Preparation  

Fresh Portulaca oleracea (purslane) was obtained from Al-Naqiti Herbs Company, Mansoura, Egypt. 

Voucher specimens were deposited at NAWAH Scientific Labs, Al-Mokattam, Cairo, Egypt. Seeds were 

air-dried, manually cleaned of debris, and further dried in an oven at 50°C for 12 hours. Following 

mechanical grinding, the resulting powder (particle size 0.5-1 mm) was vacuum-preserved at NAWAH 

Labs. Ground samples (3.125 kg) were subjected to sequential methanol extractions (6 L each) using an 

UltraTurrax T50 homogenizer for 15 minutes. The combined filtrates were vacuum-dried at 40°C, 

yielding a 138.125 g brown residue. This modified protocol was based on Abdullah et al. (2020) [13]. 
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2.3 Doxorubicin 

 Doxorubicin hydrochloride, a commercially available chemotherapeutic agent, was employed in this 

study. The drug was sourced from El Tarshouby Pharmacy, located in Mansoura, Egypt. The specific 

product utilized was a pre-synthesized solution prepared by Pfizer Pharmaceutical Company at a 

concentration of 2 mg/ml. 

2.4 Experimental design 

The present study employed the Ehrlich ascites carcinoma (EAC) cell line procured from the National 

Cancer Institute, Cairo, Egypt. This model was established through regular intraperitoneal (i.p.) 

transplantation of 2 x 10
6
 cells per mouse (0.2 ml volume) every 7 days, ensuring consistent tumor 

development [14]. Following two weeks of tumor establishment, forty female mice were randomly 

assigned to five equal groups (n = 8/group) with distinct treatment regimens: Group A: Control: Mice 

received a standard diet only. Group B: EAC Tumor: Mice received a standard diet and developed EAC 

tumors following injection. Group C: EAC + PSO: EAC tumor-bearing mice received a standard diet and 

additional PSO (200 mg/kg/day) by oral gavage for three weeks [15]. Group D: EAC + DOX: EAC 

tumor-bearing mice received a standard diet and DOX (4 mg/kg/week i.p.) for three weeks [16]. Group E: 

EAC + PSO + DOX: EAC tumor-bearing mice received a standard diet, PSO, and DOX for three weeks. 
 

2.5 Animal handling and samples collection 

With sodium pentobarbital (3%), mice were completely anesthetized and the chest was opened. By 

cardiac puncture, blood samples were collected and then, to gets sera, were separated by centrifugation 

(15 minutes; 3500 rpm). Serum samples were stored at -20˚C for the biochemical analyses. The liver was 

excised and promptly blotted with filter paper to eliminate any remaining blood residues. 
 

2.6 Biochemical analyses 

Employing the Reitman and Frankel method, Serum levels of aspartate (AST) and alanine (ALT) 

aminotransferases were obtained [17]. Commercially available Bio-diagnostic kits (Egypt) were utilized 

to quantify serum albumin, alkaline phosphatase (ALP) [18], creatinine [19] and urea [20] were evaluated 

according to the manufacturer’s instructions. Quantitative enzyme-linked fluorescent immunometric 

assays on an automated mini-VIDAS® platform (BioMérieux, France) were used to measure serum α-

Fetoprotein (AFP) levels according to the approach proposed by Aldubayan et al. [21]. Serum sodium and 

potassium concentration was assayed by a colorimetric method using a commercial kit supplied by Diatek 

Company [22].  

2.7 Flow cytometric analysis of cell cycle 

Liver tissues were homogenized in PBS to prepare cell suspensions, which were then cleared of debris 

and clumps. The prepared cell suspension underwent centrifugation for 5 min at 300 rpm, and the 

supernatant was decanted. The pellet was then resuspended in 5 ml of PBS and centrifuged for an 

additional 5 min at 300 rpm. Subsequently, the pellet was suspended in 1 ml of propidium iodide (PI) 

solution and incubated in the dark at room temperature for 30 min. The fluorescence of the cells was 

measured in the flow cytometer, with PI excitation bound to DNA at a maximum of 536 nm and emission 

at 617 nm [23]. 

2.8 Statistical analysis 

For all statistical analyses, SPSS 25 and GraphPad Prism 9 were used. Normal distributed data were 

represented as mean±SD. Statistical significance difference was determined by one-way ANOVA 

followed by TukeyKramer as post-Hoc test. P<0.05 was considered significant [24], [25].  
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3. RESULTS 
 

3.1 Effects on Liver and Kidney Functions in EAC-Implanted Mice: 

Compared to the normal control group, EAC ip implantation induced liver damage, leading to a 

significant (P<0.0001) increase in liver enzyme activities (ALT, AST, ALP) and AFP levels, along with a 

decrease in serum albumin (Table 1). Mice receiving PSO extract alone or in combination with DOX 

exhibited a significant (P<0.05) decrease in liver enzymes and AFP compared to EAC-implanted animals. 

The combined PSO+DOX treatment showed a more pronounced effect than individual supplementation 

of PSO and DOX.  

Regarding kidney functions and electrolytes, EAC implantation resulted in a significant (P<0.0001) 

increase in serum creatinine, urea, and potassium levels, as well as a decrease in serum sodium levels. 

Administration of DOX and PSO methanolic extract significantly (P<0.05) reduced the worsening of 

impaired kidney functions and blood electrolytes caused by EAC alone, demonstrating their potential 

protective effects (Table 1).  
 

3.2 Cell Cycle Analysis  

The cell cycle analysis revealed that PSO and DOX had significant effects (P<0.0001) on the cell 

cycle distribution and apoptosis of EAC cells. As shown in Figures (1,2) and, Table 2, the EAC group had 

a low SubG1% with Mean± SD (23.62±1.2), indicating a low level of apoptosis. However, treatment with 

PSO or DOX alone increased the SubG1% to Mean± SD (60.05±1.2) and with Mean± SD (58.25±2) 

respectively, indicating a high level of apoptosis and reduced cell viability. The combination of PSO and 

DOX further increased the SubG1% to with Mean± SD (70.3±1.59), indicating a synergistic effect of 

both agents on inducing apoptosis and decreasing cell survival. PSO and DOX, alone or combined, 

decreased G0/G1, S, and G2/M cell populations, implying reduced proliferation and increased death. This 

suggests both agents modulate EAC cell cycle and apoptosis, with their combination exhibiting potent 

antitumor activity. 

4. DISCUSSION 
 

The present study aimed to evaluate the effects of PSO methanolic extract and DOX on EAC cell 

cycle, kidney and liver functions in mice. EAC is a widely used experimental model of cancer that 

mimics the characteristics of human tumors, such as rapid growth, high invasiveness, and resistance to 

chemotherapy [26]. EAC cells affect hepatocytes through the ascetic fluid accumulation and by hepatic 

enzymes leakage such as ALT, AST and ALP into serum [27], [28]. Previous studies have reported that 

EAC tumors can lead to kidney damage by increasing creatinine and urea levels, contributing to elevated 

tubular atrophy and glomerular capillary permeability, which plays a key role in the development of renal 

failure [29], [30]. DOX is a potent anticancer drug that inhibits DNA synthesis and induces apoptosis in 

cancer cells, but also causes severe side effects, such as cardiotoxicity, nephrotoxicity, and hepatotoxicity 

[4]. Therefore, there is a need to find alternative or complementary agents that can enhance the efficacy of 

DOX and reduce its toxicity. 

PSO is a rich source of omega-3 fatty acids, antioxidants, and phytochemicals that have been reported 

to possess various pharmacological properties, such as anti-inflammatory, antidiabetic, 

antihyperlipidemic, and anticancer activities [31]. In this study, we found that PSO alone or in 

combination with DOX significantly reduced the tumor burden in EAC-bearing mice, indicating its 

antitumor potential. Moreover, PSO and PSO+DOX treatment prevented the decline of liver and kidney 

function parameters compared to the EAC group, suggesting its protective role against EAC-induced 

organ damage. These findings are consistent with previous studies that showed the beneficial effects of 

PSO on liver and kidney functions in diabetic and hyperlipidemic rats [31], [32]. 

The mechanism of action of PSO and DOX on EAC cells was further investigated by analyzing the 

cell cycle distribution and apoptosis. We observed that PSO treatment induced a significant increase in 

the subG1 phase, which represents the apoptotic cells, and a decrease in the S phase, which represents the 

DNA synthesis phase, in EAC cells. These results indicate that PSO induced cell cycle arrest and 

apoptosis in EAC cells, possibly by modulating the expression of cell cycle regulators and apoptotic 

proteins. Previous studies have shown that PSO can induce apoptosis in various cancer cell lines, such as 
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breast, colon, and prostate cancer, by activating the intrinsic and extrinsic pathways of apoptosis, 

involving the mitochondrial membrane potential, caspases, Bcl-2 family, and death receptors [33], [34], 

[35], [36]. 

On the other hand, DOX treatment induced a significant increase in the G0/G1 phase, which 

represents the resting phase, and a decrease in the G2/M phase, which represents the mitotic phase, in 

EAC cells. These results indicate that DOX induced cell cycle arrest at the G0/G1 phase and inhibited the 

mitotic entry of EAC cells, possibly by interfering with the DNA replication and repair processes. 

Previous studies have shown that DOX can induce G0/G1 arrest in various cancer cell lines, such as 

leukemia, lung, and ovarian cancer, by downregulating the expression of cyclin D1, cyclin E, CDK2, and 

CDK4, and upregulating the expression of p21 and p27 [3], [16], [37]. 

Interestingly, the combination of PSO and DOX showed a synergistic effect on EAC cells, as it 

induced a significant decrease in both the G0/G1 and S phases, and a significant increase in both the 

subG1 and G2/M phases, compared to the single treatments. These results indicate that the combination 

of PSO and DOX enhanced the cell cycle arrest and apoptosis in EAC cells, possibly by affecting 

multiple targets and pathways involved in the regulation of cell proliferation and survival.  
 

5. CONCLUSION 

This study showed that purslane seed oil (PSO) and doxorubicin (DOX) had different and synergistic 

effects on the cell cycle and apoptosis of Ehrlich ascites carcinoma (EAC) cells, and that they prevented 

the deterioration of the kidney and liver function in EAC mice. These findings suggested that PSO could 

be a potential adjuvant to DOX in cancer therapy, but further studies were needed to understand the 

molecular mechanisms and pathways involved. 

 

 

 

 

 

 

 

 

Table 1. Ameliorative effects on liver and kidney functions and electrolytes 

EAC+DOX+PSO EAC+DOX EAC+PSO EAC Controls Variable 

83.3±2.1
**

 98.6±1.3
**

 97.5±0.4
**

 152.7±1.8
*
 48.6±0.4 ALT (U/L) 

79.4±0.94
**

 88.9±2.1
**

 85.2±1.5
**

 117.7±5.5
*
 39.8±0.3 AST (U/L) 

73.7±0.5
**

 91.4±2.9
**

 87.8±1.3
**

 184.5±3.3
*
 58.5±0.3 ALP (U/L) 

3.2±0.1
*
 3.2±0.05

*
 3.2±0.3

*
 3.0±0.2

*
 4.2±0.1 Albumin (g/dL) 

30.2±2.1
**

 37.8±1.3
**

 41.7±1.3
**

 83.1±2.1
*
 10.3±0.2 AFP (ng/mL) 

1.8±0.08
**

 1.48±0.13
**

 1.1±0.06
**

 1.3±.08
*
 0.93±0.2 Creatinine (mg/dL) 

39±1.6
*
 35.7±1.45

*
 32.4±0.43

*
 31.6±1.2

*
 26.4±0.3 Urea (mg/dL) 

3.9±0.3
**

 3.8±0.3
**

 4.2±0.15
**

 5.8±0.5
*
 3.0±0.2 Potassium (mEq/L) 

125.2±2.1
**

 123.6±1.3
**

 120.8±1.3
**

 114.8±1.3
*
 131.2±1 Sodium (mEq/L) 
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Figure 1. Histogram represent the correlation between cell cycle stages and the studied (EAC) groups. 

 

Figure 2. Computerized flow cytometric results represent the correlation between cell cycle stages and the studied 

(EAC) groups. (A): EAC; (B): EAC + PSO; (C): EAC + DOX; (D): EAC + PSO + DOX. EAC: Ehrlich Ascites 

Carcinoma; PSO: Purslane seed oil extract; DOX: Doxorubicin. 

 

Table 2. The distribution of cell cycle phases among different groups 

Groups SubG1% G0/G1% S% G2/M% 

EAC 23.62±1.2 40.45±0.6 30.37±1.2 5.5±0.6 

EAC + PSO 60.05±1.2* 21.1±1.3* 16.72±0.98* 2.12±0.19** 

EAC + Dox 58.25±2* 22.7±1.96* 16.75±0.76* 2.3±0.63** 

EAC + Dox + PSO 70.3±1.59* 19.15±1.5* 8.575±0.5* 1.975±0.62** 

Data are presented as mean ± SD.*P<0.0001, highly significant difference compared to the control 

group **P<0.05, significant difference compared to the EAC group. EAC: Ehrlich Ascites Carcinoma; 

PSO: Purslane seed oil extract; DOX: Doxorubicin. 
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