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Abstract

This study examined the effects of traditional and nano-scale alcoholic extracts of
Portulaca oleracea on liver and kidney function and oxidative stress in male white rats. Forty
rats (aged 6-8 weeks, weighing 120-200 g) were used in the animal laboratory of the
Department of Biology, Faculty of Education, Al-Qadisiyah University. The animals were
randomly divided into five groups (n=8) for a period of 30 days: the control group (tap water),
T1 (0.5% hydrogen peroxide), T2 (H202 + 10 mg/kg alcoholic extract), T3 (H20: + 10 mg/kg
nano-extract), and T4 (H20: + 5 mg/kg nano-extract). The results showed significant
increases (P<0.05) in urea, creatinine, uric acid, ALT, AST, ALP, and markers of oxidative
stress, along with a decrease in total antioxidant capacity in the T1 group compared to the
control and treatment groups, confirming the presence of hepatic and renal dysfunction
resulting from the effect of hydrogen peroxide. The treatment groups (T2-T4) showed
significant improvement (P<0.05), with decreased biochemical and oxidative stress markers
and increased antioxidant capacity compared to group T1. Group T3 demonstrated higher

therapeutic efficacy than groups T2 and T4, while groups T2 and T4 showed similar moderate
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effects. These results highlight the potential of nanoscale formulations to enhance the
bioavailability and therapeutic efficacy of plant extracts in mitigating oxidative damage and
restoring organ function under stress-induced conditions in experimental animal models of

hydrogen peroxide-induced oxidative stress.
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1. Introduction

Evidence suggests that chronic diseases are linked to complex cellular mechanisms,
with oxidative stress being one of the most prominent; it arises from an imbalance between
reactive oxygen and nitrogen species and the antioxidant system [1, 2]. The accumulation of
free radicals, resulting from metabolism and environmental factors, leads to damage to
proteins, lipids, and nucleic acids, contributing to the development of heart disease, liver
disease, diabetes, and neurological disorders [3, 4]. The liver and kidneys are among the
organs most susceptible to such damage, as chronic oxidative stress is associated with
inflammation, fibrosis, and functional decline [5].Antioxidants have garnered increasing
attention for their ability to neutralize free radicals and reduce cellular damage; they include
vitamins (C, E, A), trace elements such as selenium and zinc, as well as bioactive plant
compounds such as flavonoids, carotenoids, and polyphenols [6, 7].Concurrently, progress
has been made in developing biomarkers to accurately measure oxidative stress, which
supports early diagnosis and the evaluation of the effectiveness of therapeutic interventions
[8]. Medicinal plants have traditionally been used to treat a wide range of diseases by
utilizing their various parts, and have contributed to promoting public health [9] . These plants
are a rich source of natural antioxidants, which reduce oxidative stress and protect cells from
its damage, thereby reinforcing their role in the prevention of chronic diseases [10]. Portulaca
oleracea is an annual plant of the Portulacaceae family, widely distributed in tropical and
subtropical regions [11, 12]. It is characterized by distinct morphological features, including
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fleshy leaves, yellow flowers, and small black seeds [13], and its various parts are used for
food and medicinal purposes in traditional medicine across a wide geographic range. It also
has high nutritional value due to its content of omega-3 fatty acids, antioxidant vitamins (A,
C, E), and B vitamins [14] P. oleracea contains bioactive compounds, such as betalains,
flavonoids, and alkaloids, which give it a high capacity to neutralize free radicals and reduce
oxidative damage [15, 16] . Studies have shown that its extract possesses protective effects
on the liver and kidneys by improving their functional parameters, reducing enzymes,
creatinine, and urea levels, and minimizing pathological histological changes, reflecting its
dual protective role [17, 18]. Despite the therapeutic efficacy of plant extracts, they face
limitations related to low bioavailability, instability, and poor tissue penetration [19].
Nanotechnology has emerged as an advanced approach to improve these properties, as
nanoscaling (<100 nm) increases surface area and enhances solubility and diffusion across
biological membranes [20]. Furthermore, converting Portulaca oleracea into a nanoscale
formulation improves the release of active compounds, thereby increasing its bioavailability
and pharmacokinetic profile compared to conventional extracts [21]. Based on the above, this
study aimed to investigate the protective role of the alcoholic extract of Portulaca oleracea
in its conventional and nano-formulations in reducing oxidative stress. The objective was to
evaluate the effect of these extracts on improving liver and kidney function by measuring
liver enzymes (ALT) alanine aminotransferase, (AST) aspartate aminotransferase, (ALP)
alkaline phosphatase, and renal markers (creatinine, urea, uric acid), as well as assessing
oxidative status through total antioxidant capacity (TAC) and malondialdehyde (MDA)
levels, thereby helping to elucidate the role of nanotechnology in enhancing the preventive

efficacy of medicinal plants.

2. Materials and Methods

Ethanol (alcoholic) extract of portulaca oleracea preparation
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Portulaca oleracea was collected from local markets in Diwaniya Governorate, then
cleaned and washed with sterile water, cut, and dried in the shade at room temperature for ten
days. The plant was then ground, and the powder was stored until the extraction process was
carried out. The ethanol extraction was performed using a Soxhlet apparatus according to the
method described by [22], wherein 50 g of Poleracea leaf powder was extracted using 500
mL of 70% ethanol at a temperature of 70°C. After the extraction was complete, the solvent
was removed by evaporating the alcohol in an incubator at 50°C. The extract was then

collected and stored in dark, dry glass containers at room temperature until use.
Nano-extract of p. oleracea preparation

This procedure was carried out using a British-manufactured homogenizer, following
the method described by [23] with certain modifications aimed at producing nanoscale
formulations. Briefly, 20 mg of the ethanolic extract of Portulaca oleracea was dissolved in
100 mL of ethanol and left under magnetic stirring for 3 hours at room temperature. The
resulting solution was then filtered using filter paper, and the filtration process was repeated
three times. Subsequently, the filtrate was further filtered once using a syringe filter. The
obtained filtrate was then subjected to homogenization at maximum speed for 30 minutes
using a homogenizer. After that, the solution was again filtered once through a syringe filter
to obtain a nanoscale particle suspension. In the final step, the filtrate was transferred into
heat-resistant glass containers and incubated at 50°C until complete drying, after which it was

used for subsequent experimental work.
Identification of bioactive compounds of the plant using GC—mass analysis

The chemical profiling of bioactive compounds in both the conventional and nano-
ethanolic extracts of P. oleracea was performed using Gas Chromatography—Mass
Spectrometry (GC-MYS) at the Central Laboratory of Kashan University, [ran. Samples were
analyzed using an Agilent GC-MS system equipped with a Mass Selective Detector (MSD),
with helium employed as the carrier gas. Separation of compounds was achieved based on
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differences in their volatility and their affinity to the stationary phase within the
chromatographic column. Subsequently, the separated constituents were identified through

mass spectral data analysis and comparison with reference spectral libraries.
Characterization of ethanolic and nano-extracts
Atomic force microscope (AFM)

The surface properties of the conventional and nano-sized alcoholic extracts of Portulaca
oleracea were analyzed using an atomic force microscope (AFM) to determine the diameters,
sizes, and aggregation levels of the nanoparticles, as well as to calculate the crystallinity index

using the following equation:
Crystallinity Index =Dp /L

The samples were then sent to the central laboratory at Kashan University in Iran for analysis.

Scanning election microscope (SEM)

The conventional and nano-scale alcoholic extracts of Portulaca oleracea were
examined using a scanning electron microscope (SEM) to study the surface morphology and
characterize the structural composition of the extract. The examination was conducted at the

Central Laboratory of Kashan University, Iran.

Experimental Animals.

Adult male laboratory rats were obtained from the College of Veterinary Medicine at the
University of Kufa; they were 6—8 weeks old and weighed 120-200 g. The animals were
acclimatized for two weeks to ensure their health, and the study was conducted at the animal
facility of the Department of Life Sciences, College of Education, University of Al-

Qadisiyah.
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Experimental Design

A total of 40 experimental animals were randomly allocated into five equal groups, with
8 animals in each group, as follows, over a period of 30 days:
Control group (Control): Animals received 1 mL of normal saline daily throughout the
experimental period.
Group 1: Animals were administered hydrogen peroxide (H20:) at a concentration of 0.5%
to induce oxidative stress.
Group 2: Animals were administered hydrogen peroxide 0.5%, followed by treatment with
the conventional ethanolic extract of P. oleracea at a dose of 10 mg/kg body weight.
Group 3: Animals were administered hydrogen peroxide 0.5%, followed by treatment with
the nano-formulated extract of P. oleracea at a dose of 10 mg/kg body weight.
Group 4: Animals were administered hydrogen peroxide 0.5%, followed by treatment with

the nano-formulated extract of P. oleracea at a dose of 5 mg/kg body weight.

Biochemical Estimation.

The study evaluated a set of biochemical parameters related to liver and kidney function
by measuring liver enzymes (ALT, AST, and ALP) and markers of kidney function
(creatinine, urea, uric acid), as well as an assessment of oxidative status through the

measurement of total antioxidant capacity (TAC) and markers of oxidative stress (MDA).
Statistical Analysis

Statistical analysis was performed using SPSS software. Moral status was assessed using
a one-way ANOVA, and statistically significant differences were identified using

Duncan’s multiple range test (p <0.05)

3. Results and discussion

Liver Enzymes
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Statistical analysis (Table 1) revealed a significant increase (P<0.05) in liver enzyme
levels (AST, ALT, and ALP) in the first treatment group (T1) compared with the control group
and the other treatments, where (T1) recorded the highest values. In comparison with (T1),
the therapeutic treatments showed a significant reduction (P<0.05) in enzyme levels;
however, these values remained significantly higher than those of the control group, which
exhibited the lowest levels. Among the treatment groups, (T3) demonstrated a significantly
greater reduction (P<0.05) in enzyme levels compared with (T2) and (T4), indicating the best
therapeutic response, with some parameters approaching control values without significant
differences, particularly for ALP. Conversely, no significant differences (P>0.05) were
observed between (T2) and (T4) for certain parameters, despite a relative decrease in (T4),
which overall exhibited the lowest therapeutic efficacy. The study results indicate the
occurrence of liver toxicity resulting from oxidative stress, manifested by a statistically
significant (P < 0.05) increase in liver enzymes (ALT, AST, ALP) in the hydrogen peroxide
group compared to the control, reflecting the liver’s susceptibility as a primary target organ
for toxins. These results are consistent with the study [24], which demonstrated that a 0.5%
concentration of hydrogen peroxide causes an imbalance in the redox status and depletion of
antioxidant enzymes, along with exacerbated liver damage in rats. The elevation of liver
enzymes in treatment group (T1) is attributed to hydrogen peroxide’s ability to generate
excessive amounts of free radicals, which target liver cell membranes and induce lipid
peroxidation. This results in a loss of membrane integrity and increased permeability, leading
to the leakage of enzymes into the bloodstream. This mechanism is consistent with the
findings of [25] regarding the association of changes in liver enzymes with cellular damage
resulting from the failure of antioxidant defense systems. The study by [26] also supported
this explanation by linking elevated malondialdehyde levels to increased lipid peroxidation,
altered membrane permeability, and leakage of liver enzymes. In contrast, the results of the
experiments (T2, T3, T4) involving the alcoholic extract of Portulaca oleracea (conventional

and nano) showed a significant (P < 0.05) reduction in liver enzymes compared to the
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oxidative stress group (T1). This effect is attributed to the plant’s richness in bioactive
compounds such as phenols, flavonoids, and (omega-3), which possess antioxidant properties
that scavenge free radicals, thereby preserving plasma membrane integrity and reducing lipid
peroxidation, and consequently preventing the leakage of enzymes into the serum [27]. These
findings are consistent with previous studies [28, 29], that confirmed the extract’s protective
role in reducing lipid peroxidation, improving the antioxidant system, and restoring liver
function, as well as the study by [30] , which demonstrated its ability to reduce liver damage
and preserve tissue structure. The current study also demonstrated the superiority of the nano-
extract, as treatment (T3) at a dose of 10 mg/kg showed the best therapeutic response, with
enzyme levels returning to values close to those of the control group. The results also showed
that the low-dose nanodose produced a protective effect similar to that of the high dose of the
conventional extract. This i1s consistent with the findings of [31] when comparing the
phenolic extract of the stinging nettle Urtica dioica with its nanoscale formulation, where
they demonstrated that low nanoscale doses (5 and 10 mg) were more effective in repairing
liver damage compared to high doses of the conventional extract (250 mg). These results
suggest that the nanoformulation of P.oleracea extract, particularly at a concentration of 10
mg/kg, has higher antioxidant and anti-inflammatory efficacy, attributed to enhanced
biological activity through the inhibition of inflammatory cytokines such as TNF-a and 1L-6,
thereby contributing to the reduction of cellular damage and improvement of tissue response
[32, 33] . This helps reduce the activation of hepatic stellate cells (HSCs) and decrease the
production of fibrous collagen [34], while limiting cellular necrosis and steatohepatitis [35].
The therapeutic equivalence between the low nanodose (5 mg/kg) and the high alcohol dose
(100 mg/kg) is attributed to the properties of nanotechnology, as the small size and increased
surface area improve penetration of cell membranes and enhance bioavailability within target
cells, thereby protecting phenolic compounds from degradation and increasing their efficacy

against oxidative stress [36].
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Table (1): Shows the effect of conventional and nano-alcoholic extracts of the Portulaca

oleracea on liver enzyme levels in white rats exposed to hydrogen peroxide H>O> .

Group / Parameters ALT (U/L) ALP (U/L) AST (U/L)
Mean = SE Mean = SE Mean + SE
Control 53.94+2.64 127.534+1.23 35.99+1.13
E C D
H,0, (0.5%) 106.50+2.26 195.65+1.38 95.03+0.25
A A A
H,O, (0.5%) + PO 75.45+1.74
167.20+£3.75 67.10+£2.44
Ethanolic extract (100 | C
B B
mg/kg)
H,O, (0.5%) + PO 65.21+1.77
132.3942.68 47.89+2.38
nano extract (10 D
C C
mg/kg)
H,O, (0.5%) + PO 87.53+1.48
172.26+1.54 70.90+0.93
nano extract (5 B
B B
mg/kg)
LSD 6.37 7.32 5.24

Data are expressed as mean= standard error, values with the same column with different

letters are significantly different at P <0.05.

Kidney Function (Urea , Creatinine, Uric acid ).

The results in (Table 2) showed a statistically significant increase (P < 0.05) in the first
treatment (T1) compared to the control group and the remaining treatments. In contrast, the
treatment groups (T2, T3, T4) achieved a significant reduction (P<0.05) in the indicators

compared to (T1), but they remained significantly higher than the control group. Among the
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treatment groups, T3 outperformed the others in reducing creatinine and urea levels; it did
not differ significantly from the control group in creatinine levels and significantly
outperformed (P<0.05) T2 and T4 in most indicators. As for uric acid, (T2) showed a clear
improvement with no significant differences from the control group, while (T3) and (T4)
showed gradual improvement with significant differences (P<0.05) compared to the other
groups. The group treated with oxidative stress (T1) showed a significant increase in markers
of renal function (creatinine and urea), reflecting a decrease in glomerular filtration rate
(GFR) and the occurrence of structural and functional abnormalities in renal tissue. This is
attributed to the effect of hydrogen peroxide in increasing the production of reactive oxygen
species and inducing oxidative stress, which 1s a major factor in renal damage through the
activation of NF-xB and the promotion of inflammatory cytokine secretion and the
inflammatory response within the renal tissue [37]. Oxidative stress contributes to the
activation of mitochondrial-mediated apoptosis due to an imbalance in proteins that regulate
cell death, thereby damaging renal cells [38]. Free radicals also stimulate lipid peroxidation,
damage cellular and glomerular membranes, and impair renal tubular function, while
inhibiting urea cycle enzymes and causing elevated creatinine and urea levels [39], in addition
to renal cell hypertrophy and urinary tract narrowing [40].This is also associated with a
metabolic disorder that increases protein breakdown and elevates its nitrogenous byproducts
[41]. Furthermore, oxidative stress leads to a disturbance in purine metabolism through the
activation of xanthine oxidase, which raises uric acid levels and increases ROS production,
causing a vicious cycle of oxidative damage [42]. In contrast, the treatments (T2, T3, T4) that
treatment with the alcoholic extract (conventional and nano) of Portulaca oleracea resulted
in a significant improvement in renal function parameters, as evidenced by a decrease in
creatinine, urea, and uric acid levels compared to (T1), although these levels remained
relatively higher than those in the control group, consistent with [43]. This effect is attributed
to its antioxidant properties and its ability to scavenge free radicals and enhance cellular

defense, in addition to reducing inflammation by inhibiting NF-xB and lowering
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inflammatory cytokines such as TNF-a and IL-6 [44]. Improvements in urea and creatinine
levels have been reported, along with positive histological changes in renal toxicity models,
which support the current findings [45]. A study by [46], confirmed that the methanolic
extract of Portulaca oleracea improved urea and creatinine levels and increased antioxidant
levels in models of renal toxicity, which had a positive effect on kidney function. The results
also demonstrated the superiority of the nanoscale formulations, with (T3) showing the best
response by returning the indicators to levels close to control, compared to a lesser
improvement in (T4). This is attributed to increased bioavailability and a higher ability to
inhibit inflammatory pathways [47], in addition to protecting renal cells from apoptosis by

maintaining mitochondrial integrity and regulating gene expression [48].

Table (2): Shows the effect of conventional and nano-alcoholic extracts of the P. oleracea

on kidney functions in white rats exposed to hydrogen peroxide H,0:

Group / Parameters Creatinine Urea (mg/dl) Uric acid (mg/dl)
(mg/dl) Mean = SE Mean = SE
Mean + SE

Control 1.135+0.022 2.046+0.104 33.150+1.183
C D D

H,0, (0.5%) 1.963+0.073 7.233+0.367 52.263+1.566
A A A

H,O, (0.5%) + PO 1.637+0.094 4.618+0.321 35.973+0.789

Ethanolic extract (100 | B B D

mg/kg)

H,O, (0.5%) + PO 1.246+0.080 3.761£0.207 39.610+0.543

nano extract (10 C C C

mg/kg)
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H,O, (0.5%) + PO 1.724+0.157 5.314+0.216 43.913+1.233
nano extract (5 B B B

mg/kg)

LSD 0.301 0.819 3.534

Data are expressed as mean+ standard error, values with the same column with different

letters are significantly different at P <0.05.

Oxidative Stress Parameters (TAC and MDA).

The results of the study, shown in (Table 3), revealed that the first treatment (T1)
showed a statistically significant increase in malondialdehyde (MDA) concentration and a
statistically significant decrease in total antioxidant capacity (TAC) compared to the control
group and the remaining treatments, whereas the treatment groups (T2, T3, T4), which were
subjected to stress, showed a significant improvement (P<0.05) characterized by a decrease
in MDA and an increase in TAC compared to the T1 group; however, their levels remained
dissimilar to those of the control group. When comparing the treatment groups, the third
treatment (T3) showed a statistically significant advantage (P<0.05) in both indicators,
recording the lowest MDA level and the highest TAC level compared to both T2 and T4, and
was closest to the control group. Treatment 2 (T2) also showed statistically significant
moderate efficacy (P<0.05) compared to Treatment 4 (T4), which recorded the lowest
therapeutic efficacy among the groups. Statistical analysis revealed a significant increase in
malondialdehyde and a significant decrease in total antioxidant capacity in treated group (T1)
compared to the control and the remaining groups, reflecting the occurrence of oxidative
stress. This is attributed to the effect of hydrogen peroxide in increasing the production of
reactive oxygen species, leading to an imbalance in the redox state and the occurrence of
structural and functional damage to cell membranes and the denaturation of cellular

components, in addition to tissue damage and necrosis and the inhibition of antioxidant
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defense systems, which is consistent with [49-51]. Elevated levels of malondialdehyde
(MDA) indicate increased lipid peroxidation resulting from an imbalance in favor of free
radicals, which leads to the attack of unsaturated fatty acids and the formation of lipid
hydroperoxides, Malondialdehyde (MDA) is one of its highly toxic end products, capable of
causing damage to DNA, proteins, and lipids [52, 53]. Exposure to hydrogen peroxide also
leads to the generation of highly reactive hydroxyl radicals, which accelerate oxidation and
elevate MDA levels in serum and tissues as an indicator of the severity of oxidative stress
[54]. The decrease in total antioxidant capacity is attributed to the continuous depletion of
antioxidant defense systems due to an increase in reactive oxygen species, as TAC represents
the total sum of enzymatic and non-enzymatic antioxidants. A study by [55] supported this
by demonstrating elevated MDA and reduced TAC in the stress group compared to the control
group 1in rats exposed to hydrogen peroxide. Other studies have also indicated that this
exposure leads to the depletion of antioxidants and a decrease in their efficacy [56], in
addition to reducing the gene expression of antioxidant enzymes such as GSH, SOD, and
CAT [57]. In contrast, the groups treated with the alcoholic extract (conventional and nano)
of Portulaca oleracea an increase in total antioxidant capacity and a decrease in
malondialdehyde, reflecting a preventive and therapeutic role associated with the
enhancement of antioxidant enzyme activity, such as catalase and glutathione peroxidase.
This is attributed to the plant’s content of bioactive compounds such as flavonoids, phenols,
alkaloids, and fatty acids (omega-3) [58], which contribute to free radical scavenging and the
protection of cell membranes. Flavonoids are also among the most important antioxidants
[59], as quercetin (50 mg/kg) improves the antioxidant status in plasma [60]. Studies indicate
that purslane extract reduces malondialdehyde (MDA) and enhances antioxidant activity due
to its content of active vitamins and minerals, in addition to its ability to neutralize free
radicals through hydrogen donation [61] and by regulating Na*/K* ATPase activity [62] .
Hepatotoxicity model studies have also shown that P. oleracea significantly reduces oxidative

damage when administered with paracetamol [63]. With regard to the nano-extract, (T3)
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showed a clear advantage in increasing total antioxidant capacity and reducing
malondialdehyde levels compared to the standard alcoholic extract (T2), This is attributed to
the reduction in particle size and the accompanying greater release of phenolic compounds,
as well as an increase in their bioactivity and ability to scavenge free radicals [64].
Nanoparticles are also characterized by high bioavailability and rapid absorption, along with
a greater ability to penetrate cell membranes and reach the blood and tissues [65, 66]. Studies
have shown that reducing particle size may enhance antioxidant activity several-fold
compared to the parent compound [67], which explains the superiority of the nanodose (10
mg/kg) in the current study. It was also found that the higher dose was more effective than
the lower one, which is attributed to the dose-dependent response principle and the
achievement of a better balance between TAC and MDA through broader coverage of

oxidative stress sites caused by hydrogen peroxide [68].

Table (2): Shows the effect of conventional and nano-alcoholic extracts of the P. oleracea

on Oxidative Stress Parameters (TAC and MDA) in white rats exposed to hydrogen

peroxide H20;

Group / Parameters MDA (uMol/ L) TAC (uMol/ L)
Mean + SE Mean + SE

Control 2.536+0.261 4.966+0.166
E A

H,0, (0.5%) 6.211£0.171 1.476+0.290
A E

H,O, (0.5%) + PO 3.897+0.094 3.667+0.162

Ethanolic extract (100 C C

mg/kg)
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H,O, (0.5%) + PO 3.249+0.036 4.307+0.039
nano extract (10 D B

mg/kg)

H,O, (0.5%) + PO 4.808+0.304 3.062+0.117
nano extract (5 B D

mg/kg)

LSD 0.630 0.552

Data are expressed as meanz standard error, values with the same column with different

letters are significantly different at P <0.05.
Conclusion

The study results showed that hydrogen peroxide-induced oxidative stress led to
significant disturbances in liver and kidney function, manifested by elevated biochemical
markers and increased indicators of oxidative stress, along with a decrease in total antioxidant
capacity. In contrast, treatments with the alcoholic and nano extracts of Portulaca oleracea
significantly improved these changes, indicating that they possess effective protective effects.
The nano-extract at a dose of 10 mg/kg demonstrated higher therapeutic efficacy compared
to the other treatments, suggesting that the nano-formulation is superior in enhancing

biological activity and reducing damage associated with oxidative stress.
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