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ABSTRACT 

Benzo[a]pyrene (B[a]P), a polycyclic aromatic 

hydrocarbon, poses a significant threat to human health as 

an increasingly prevalent environmental and foodborne 

pollutant. Our previous study revealed that wild Silybum 

marianum seeds ethanolic extract (SMSE) attenuated 

B[a]P-induced oxidative stress and cell apoptosis in albino 

rats. In this work, we extended our hypothesis to 

investigate the potential protective effects of SMSE against 

hepatic and nephritic injuries induced by B[a]P. Thirty-six 

male albino rats were assigned into six groups: Group I, 

the control (-Ve), received 10 ml/kg/BW corn oil orally 

twice weekly; Group II, the control (+Ve), was given 50 

mg/kg/BW of B[a]P in corn oil twice weekly; and Groups 

III, V, IV, and VI were orally administered B[a]P + SMSE 

at 200, 400, 600, and 800 mg/kg BW/day, respectively, for 

four weeks. B[a]P exposure significantly (p≤0.05) increased 

the relative weights of the liver (33.33%) and kidney 

(39.68%); cytochrome P450 (CYP450) activity, a 

biotransformation marker, (68.25%); tumor necrosis 

factor-alpha (TNF-α) levels, a pro-inflammatory mediator, 

(95.95%); liver enzymes activities (AST, 124.09%, ALT, 

124.98%, and ALP, 128.77%); and renal function 

indicators (serum urea, 60.18%, and creatinine, 68.35%), 

accompanied by severe histopathologic changes in liver 

and kidney tissues compared to control (-Ve). Conversely, 

SMSE interventions significantly (p≤0.05) dose-

dependently reduced elevated rates of these indices, while 

improving liver and kidney histoarchitecture. The SMSE's 

protective effects may result from its bioactive compounds 

content that regulate B[a]P metabolic enzymes, inhibit 

CYP450 activity, suppress TNF-α, and scavenge other 

reactive intermediates. Our results suggest SMSE as a 

potential natural approach to alleviating environmental 

pollutants' detrimental effects and deserves further 

research. 
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 INTRODUCTION 

In recent decades, significant industrial development 

and rapid urbanization have led to multiple human 

activities emitting a wide range of pollutants into the 

environment, such as polycyclic aromatic hydrocarbons 

(PAHs) (Mojiri et al., 2019 and Voumik & Sultana, 

2022). PAHs are a class of chemicals that are ubiquitous 

environmental and foodborne pollutants (Elhassaneen, 

2000 and Patel et al., 2020). The levels of PAHs and 

their potential carcinogenicity have grown considerably 

in recent years. The PAH family of compounds 

encompasses over 100 chemical species worldwide, 16 

of which are of particular concern (Cui et al., 2022). 

Benzo[a]pyrene (B[a]P), a five-ring polycyclic aromatic 

hydrocarbon, is the most ubiquitous PAH environmental 

contaminant and ranked among the top 10 pollutants 

identified by the United States (Amanda et al., 2022 and 

Bukowska et al., 2022). B[a]P has been classified as 

one of the most toxic carcinogens. It is further 

categorized as a Group 1 known carcinogen for humans 

by the International Agency for Research on Cancer 

(Vermillion Maier et al., 2022). 

B[a]P is a by-product of combustion processes. 

Human beings are exposed to this hazardous xenobiotic 

through multiple sources, such as cigarette smoke, 

wildfires, fossil fuel combustion, charcoal-broiled food, 

consumption of contaminated food and water, and 

inhalation of polluted air (Elhassaneen, 2004; 

Elhassaneen & El-Badawy, 2013; Amanda et al., 2022 

and Wu et al., 2023). Industrial food processing, such as 

smoking, presents the highest B[a]P exposure levels. 

Furthermore, certain cooking practices, such as frying, 

roasting, and grilling meat, chicken, and fish, may also 

lead to elevated B[a]P levels (Eldaly et al., 2016). The 

European Commission has established acceptable levels 

of B[a]P in some foodstuffs, such as smoked meat and 

fish products (5 μg/kg), fats and oils (2 μg/kg), and 

cereals (1μg/kg) (European Commission, 2005). 

Nonetheless, research conducted in Egypt on charcoal-

grilled kebabs and kofta revealed that B[a]P levels were 

as high as 21–25 and 60–70 μg/kg, respectively (Eldaly 

et al., 2016). 

Animal studies have shown that PAHs, particularly 

B[a]P, have substantial bioaccumulation capabilities 

(Costa et al., 2011). Owing to the lipophilic nature of 

B[a]P, it is easily absorbed through biological 

membranes (Jacques et al., 2010), and bio-activated 

through the binding of the aryl hydrocarbon receptor 

(AhR) in the liver and subsequently metabolized to 

B[a]P-7-8-dihydrodiol 9, 10 epoxides (BPDE), an active 

carcinogen, through the cytochrome P450 (CYP450) 

enzymes. BPDE, due to its strong affinity for 

deoxyribonucleic acids (DNA), leads to the formation of 

DNA adducts (BPDE-DNA) (Elhassaneen, 1996 and 

Kumar et al., 2017). Alternatively, the metabolism of 

B[a]P leads to the formation of B[a]P quinines via 

dihydhrodiol dehydrogenases, which undergo redox 

cycling and trigger oxidative stress through reactive 

nitrogen species (RNS) and reactive oxygen species 

(ROS) (Mahran and Elhassaneen, 2023a). As a result, 

B[a]P exposure can cause mutations, chromosomal 

damage, single-strand breaks in DNA, apoptosis, as well 

as oxidative stress and inflammation (Rangi et al., 

2018). Prolonged exposure to B[a]P instigates the onset 

of cancer in various bodily organs, including the 

gastrointestinal system (colorectal and stomach), liver, 

lungs, skin, and cervix (Vermillion Maier et al., 2022). 

Generally, xenobiotic detoxification metabolism, 

including B[a]P, comprises three distinct phases (Figure 

1). 

 
Figure 1. Bioactivation of B[a]P mediated by CYP450 enzymes. Adapted from Esteves et al. (2021) 
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The initial phase of this process involves the 

activation of phase I enzymes, including the CYP450 

family 1A1 (CYP1A1), 1A2 (CYP1A2), and 1B1 

(CYP1B1), which facilitate the provision of oxygen 

molecules to xenobiotic compounds (Tête et al., 2018). 

Phase II enzymes such as glutathione S-transferase 

(GST), like GST alpha 1 (GSTA1) conjugate the 

transformed compounds to glucuronic acid, glutathione 

(GSH), or sulfate. During this phase, reactive substances 

are typically stabilized (Boei et al., 2017). In the final 

phase (Phase III), the cells pump and eliminate 

conjugated xenobiotic compounds through efflux 

transporters like ATP-binding cassettes (ABCC1, 

ABCC2, and ABCC3) (Hodges and Minich, 2015).  

Herbal medicine, also known as phytotherapy, is a 

highly prevalent complementary and alternative 

medicinal therapy around the world (Welz et al., 2018). 

Milk thistle (Silybum marianum), SM, is a plant of the 

Silybum genus within the Leucanthemum family and is 

native to Southern Europe, Southern Russia, Northern 

Africa, and Asia Minor (Soleimani  et al., 2019). SM is 

a widely recognized plant for its therapeutic and 

nutritional properties (Wang et al., 2020). SM fruits and 

seeds have been used for medicinal purposes for more 

than 2,000 years owing to their exceptional 

hepatoprotective characteristics. Furthermore, within 

traditional Chinese medicine, SM is regarded as a herb 

that possesses efficacious properties for purification and 

detoxification (Wang et al., 2020). The SM seed 

contains a natural complex of biological flavonolignan 

compounds collectively referred to as silymarin, which 

possesses a wide-ranging of pharmacological activities 

such as antioxidant, anti-bacterial, anti-viral, anti-

inflammatory, anticancer, and anti-mutagenic properties 

(Kiruthiga  et al., 2015; Bektur Aykanat et al., 2020; 

Abd Elalal et al., 2022 and Mahran & Elhassaneen, 

2023a). Flavonolignans are the main active constituents 

of SM, including silibinin, silydianine, and silychristin. 

Also, SM comprises a number of flavonoid compounds, 

including taxifolin, dihydrokaempferol, and quercetin 

(Stolf  et al., 2017). The fatty oil of SM seed contains 

essential phospholipids that exhibit a significant 

proportion of unsaturated fatty acids, specifically oleic 

and linoleic acids (Mahran and Elhassaneen,  2023b). 

Plant-derived bioactive compounds, such as 

flavonoids, have recently attracted significant interest 

due to their ability to counteract environmental 

pollutants. This increased attention is primarily because 

individuals are frequently exposed to numerous 

potential contaminants and carcinogenic substances 

found in dietary intake, water sources, and the 

surrounding environment. Our recent study revealed 

that wild Silybum marianum seed ethanolic extract 

(SMSE) mitigated oxidative stress and regulated liver 

apoptosis induced by B[a]P in albino rats (Mahran and 

Elhassaneen, 2023a). In the current study, we extended 

our hypothesis to explore the potential protective effects 

of SMSE at 200, 400, 600, and 800 mg/kg BW/day 

against B[a]P-induced hepatic and nephritic injuries in 

adult male albino rats. 

MATERIALS AND METHODS 

Materials 

Chemicals 

B[a]P (C20H12), with a purity of ≥ 96% HPLC grade, 

was acquired in the form of a pale yellow powder from 

Sigma-Aldrich (St. Louis, MO, USA). Corn oil was 

obtained in an oily solution as a solvent for B[a]P. 

Biochemical assay kits for evaluating liver and kidney 

functions were obtained from Alkan Medical Company, 

Cairo, Egypt. The constituents of the basal diet were 

provided by Morgan Chemical Company, Cairo, Egypt. 

All other chemicals, reagents, and solvents were of 

analytical grade and were procured from El-Ghomhorya 

Company for Trading Drugs, Chemicals, and Medical 

Instruments, Cairo, Egypt. 

Silybum marianum seeds (SMS)  

Mature and healthy wild milk thistle (Silybum 

marianum) samples were collected from Mit Ghorab 

Village, Senbellawein Center, Dakahlia Governorate, 

Egypt. Botanical authentication of the plant samples 

was conducted by plant taxonomists from Menoufia 

University's Faculty of Agriculture in Shebin El-Kom, 

Egypt. The seeds were carefully collected from fully 

matured and dried flowers. They were purified to 

remove foreign matter and then dried in the shade at 

room temperature to prevent photo-oxidation. Finally, 

they were kept in airtight glass containers until they 

were used. 

Experimental animals 

Ethical approval 

All experiments and animal care procedures were 

conducted in accordance with the guidelines established 

by Menoufia University's Institutional Animal Care and 

Use Committee (IACUC), Sheibin El-Kom, Egypt. The 

IACUC approved all biological experiments performed 

in this study (Approval ID/Number: MUFHE / F / NFS / 

15 / 23) as per ethical standards. 

Animals (source and housing) 

Experiments were conducted on 8-week-old male 

albino rats of the Sprague-Dawley Strain weighing 

(150-160 g) procured from the Laboratory Animal Unit 

at the College of Veterinary Medicine, Cairo University, 

Egypt. Animals were kept in a well-ventilated animal 

facility in the laboratory animals unit at the College of 



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 45, No.1 JANUARY – MARCH 2024                                 

 

134 

Home Economics, Menoufia University, Sheibin El-

Kom, Egypt. Rats were housed in groups, with a 

maximum of three per cage, within stainless steel cages 

under standard environmental conditions (the relative 

humidity ranged from 60-70%, the temperature 20-

25°C, and a light-dark photocycle of 12/12 hours). 

Before experimentation, the rats were left for one week 

for acclimatization, provided with a basal diet, and had 

free access to water ad libitum. Meanwhile, the rats 

were closely monitored daily to guarantee their well-

being.  

Methods 

Basal diet preparation 

The basal diet was formulated following the 

modified formula of Reeves et al. (1993). The 

constituents of the basal diet, per kilogram, were 

comprised of: corn starch (465.692g), dextrinized corn 

starch (155g), sucrose (100g), casein-85% protein 

(140g), corn oil (40g), fiber (50g), mineral mixture 

(35g), vitamin mixture (10g), L-cystine (1.8g), choline 

bitartrate (2.5g), and tert-Butylhydroquinone (0.008g). 

Also, the components of minerals and vitamins mixtures 

were formulated based on the same reference. 

SMS ethanolic extract (SMSE) preparation 

SMSE was prepared by finely grinding dried SMS 

using an electric mixer (Moulinex Egypt, ElAraby Co., 

Benha, Egypt). Subsequently, a five-day extraction 

process in absolute ethanol (1:10 w/v) at 25°C within a 

flask shielded from light with intermittent shaking was 

conducted. Following maceration, the extract was 

separated from the residues through filtration using 

Whatman (No.1) filter paper. The filtrates were then 

concentrated to a consistent weight by a Rotary 

evaporator (Heidolph VV 2000) at low pressure, 40°C, 

and 50 rpm, following the methodology previously 

outlined by Javeed et al. (2022). The extract was then 

stored at 4°C until used. 

Induction of B[a]P-intoxication  

After a 7-day acclimation period, the rats were 

allocated into equal experimental groups. They were 

administered either a dose of 50 mg/kg/BW (equivalent 

to 1/20 of LD50, as per Paltanaviciene et al. (2007) of 

B[a]P dissolved in 10 ml/kg/BW of corn oil through 

oral gavage twice weekly or a vehicle consisting of an 

equivalent volume of corn oil, as outlined by Dhatwalia 

et al. (2019).  

Experimental design 

A total of thirty-six male albino rats were randomly 

allocated into six groups, each consisting of six rats, and 

subjected to the interventions shown in Table (1). The 

treatments were administered via oral gavage and lasted 

28 days, during which the rats were fed on the basal diet 

and allowed ad libitum access to water. Rats that 

underwent a B[a]P + SMSE treatment regimen received 

the B[a]P dose first, followed by the SMSE dose within 

30 minutes. The treatment doses of SMSE were selected 

based on previous studies by Alaca et al. (2017) and 

Malkani et al. (2020). The dosages were modified 

weekly in line with any change in body weight to ensure 

an equivalent dosage per kilogram of body weight in 

rats throughout the entire study duration for each 

experimental group. The animals' final body weights 

were recorded at the end of the experiment. 

Subsequently, animals were sacrificed to collect blood 

samples and internal body organs (liver and kidneys). 

Table 1. Experimental design to assess the potential protective effects of SMSE against hepatic and renal 

injuries induced by B[a]P* 

Groups Interventions 

Group I 

Negative control (-Ve) 
Vehicle control 

10 ml/kg/BW corn oil (solvent of B[a]P) twice weekly. 

Group II 

Positive control (+Ve) 
B[a]P control 

50 mg/kg/BW of B[a]P dissolved in corn oil twice 

weekly. 

Group III 
B[a]P + SMSE (200 

mg/kg BW/day) 
50 mg/kg/BW of B[a]P dissolved in corn twice weekly 

+ 200 mg/kg BW/day of SMSE. 

Group IV 
B[a]P + SMSE (400 

mg/kg BW/day) 
50 mg/kg/BW of B[a]P dissolved in corn twice weekly 

+ 400 mg/kg BW/day of SMSE. 

Group V 
B[a]P + SMSE (600 

mg/kg BW/day) 
50 mg/kg/BW of B[a]P dissolved in corn twice weekly 

+ 600 mg/kg BW/day of SMSE. 

Group VI 
B[a]P + SMSE (800 

mg/kg BW/day) 
50 mg/kg/BW of B[a]P dissolved in corn twice weekly 

+ 800 mg/kg BW/day of SMSE. 
* B[a]P: benzo(a)pyrene; SMSE: Silybum marianum seed ethanolic extract 
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Blood sampling 

At the end of the trial period, rats were fasted 

overnight and then sacrificed to collect blood samples 

via the abdominal aorta under sodium pentobarbital (40 

mg/kg BW) anesthesia. The collected blood samples 

were placed in desiccated centrifuge tubes and allowed 

to coagulate at ambient temperature. Subsequently, 

centrifugation was conducted for 10 minutes at a rate of 

3000 rpm to separate the serum, as per the methodology 

described by Parasuraman et al. (2010). The serum was 

carefully separated, placed into clean Eppendorf tubes, 

and kept at a temperature of -20 oC until subjected to 

biochemical analysis. 

Organs harvesting 

After collecting blood samples, all the experimental 

rats were euthanized under anesthesia. The internal 

body organs (the liver and both kidneys) were promptly 

excised, perfused with ice-cold 0.9% normal saline, 

dried by blotting, and weighed using an electronic 

balance. The relative weights of the organs, expressed 

as a percentage of the final body weight, were 

calculated according to Mee-Young et al. (2013). 

Afterwards, samples of liver and kidney tissue from 

each rat were conserved in separate containers 

containing 10% neutral buffered formalin for 

conducting histological examinations. 

Biochemical analysis 

Drug Metabolizing Enzymes (Cytochrome P450, 

CYP450) 

CYP450 was assessed through carbon monoxide 

difference spectrophotometry of dithionite-reduced 

samples, following the method outlined by Omura and 

Sato (1964).   

Inflammatory response biomarker (TNF-α) 

TNF-α levels were determined as described by 

Afshari et al. (2005) using a sandwich enzyme-linked 

immunosorbent assay (ELISA), which involved the 

utilization of two monoclonal antibodies directed 

against separate antigenic determinants on rat TNF- α. 

Hepatotoxicity markers 

The enzyme activity of alanine aminotransferase 

(ALT) as well as aspartate aminotransaminase (AST) in 

the obtained serum samples were estimated following 

the modified kinetic method of Tietz (1994), while the 

activity of alkaline phosphatase (ALP) was evaluated 

using the modified kinetic method established by 

Vassault et al. (1999).   

Nephrotoxicity markers 

Serum urea and creatinine levels were assessed 

spectrophotometrically using techniques described by 

Tabacco et al. (1979) and Fabiny & Ertingshausen 

(1971), respectively. 

Histopathological examination 

In accordance with standard tissue processing 

procedures, formalin-fixed samples of the liver and 

kidney tissues of each rat were subjected to dehydration 

using ascending concentrations of alcohol, followed by 

clearance with xylene. The specimens were then 

embedded in paraffin wax and sectioned to a thickness 

of 4.5 μm using a microtome, with subsequent staining 

using Hematoxylin and Eosin (H&E), as outlined by 

Banchroft et al. (1996). The specimens were coded and 

examined under a light microscope (Olympus BX50, 

Tokyo, Japan) by a histopathologist to identify any 

characteristic histological alterations in a blinded 

manner to avoid any type of bias and ensure 

impartiality. 

Statistical Analysis 

All data were subjected to statistical analysis using 

Computer Software Package SPSS version 22. The 

results were presented as mean ± standard deviation 

(SD). One-way analysis of variance (ANOVA) was 

employed for statistical analysis, followed by Duncan's 

post-hoc test for conducting multiple comparisons 

between the experimental groups. A p-value ≤ 0.05 

represents statistical significance. Furthermore, the rate 

of changes between the negative control group (Normal) 

and the positive control group (B[a]P control) was 

calculated to assess the severity of injuries caused by 

B[a]P exposure. Similarly, to further evaluate the 

potential protective activities of SMSE, the rate of 

changes between B[a]P control rats and those were 

exposed to B[a]P and treated with SMSE at the tested 

doses was computed as follows:

Rate of change compared with normal control (%) =   

                        
 

Rate of change compared with B[a]P control (%) =  
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RESULTS AND DISCUSSION 

Effect of SMSE on rats' final body weight and 

relative organ weights 

The reduction in animals' body weight indicates a 

deterioration in their health status. In addition to final 

body weight (FBW), the absolute and relative weights 

of the liver and kidneys and the rates of change for the 

relative weights in experimental groups were 

determined as shown in Table (2). It was observed that 

exposure to B[a]P led to changes in the FBW, the 

absolute and relative weights of the liver and kidneys in 

experimental animals. Despite the significant (p ≤ 0.05) 

reduction in FBW in the positive control rats compared 

to the negative control rats, there was a noteworthy (p ≤ 

0.05) increase in the absolute and relative weights of the 

liver and kidneys. The rates of change for the relative 

weight of the liver and kidney were 33.33% and 

39.68%, respectively, compared to the negative control 

group. These alterations may be attributed to the 

oxidative stress and toxicity induced by exposure to 

B[a]P. Such exposure imposes an extra burden on vital 

organs, particularly the liver and kidneys, which play a 

crucial role in the metabolism and excretion of B[a]P to 

mitigate its harmful effects, potentially leading to 

inflammation and enlargement of these organs. Our 

results are in line with Elhassaneen et al. (2018) and 

Mahran & Elhassaneen (2023a), who found that 

exposure to B[a]P in male albino rats resulted in a 

significant reduction in the animals' body weight 

compared to normal control rats. Additionally, Owumi 

et al.  (2021) observed that Wistar rats that were 

exposed to B[a]P at a dosage of 10 mg/kg for four 

weeks experienced a significant (p < 0.05) reduction in 

their body weight gain as compared to the control rat 

cohort. Meanwhile, there was an increase in the relative 

weights of the liver and kidneys, although this did not 

reach statistically significant levels. B[a]P is considered 

a procarcinogen, requiring metabolic activation to form 

reactive intermediates that induce toxic effects (Jin et 

al., 2021). Once in the body, B[a]P tends to accumulate 

in various tissues, including the gastrointestinal tract, 

lungs, liver, kidneys, and brain (Jin et al., 2021). B[a]P 

metabolism involves multiple enzymatic systems, 

contributing either to the augmentation or protection of 

its toxicity. The oxidative metabolism of B[a]P 

produces various metabolites with different reactivities, 

resulting in complex pathways leading to cytotoxicity, 

damage to macromolecules, and overall impairment of 

cell function and integrity (Boei et al., 2017).  

 

 

 

Table 2. Effect of SMSE on rats' final body weight and relative organ weights 

 
Control    

(-Ve) 

Control 

(+Ve) 

B[a]P treated groups with SMSE (mg/kg BW/d) 

200 400 600 800 

Final body weight (FBW; g) 

Means ± SD 216a ±12.37 179.5c ±8.43 180.25c ±7.4 189.5b ±13.19 194b ±15.35 206.5a ±9.10 

% of change 0.00 -16.9 0.42 5.57 8.08 15.04 

Absolute liver weight (g) 

Means ± SD 4.34 ±0.241 5.80 ±0.298 5.61 ±0.189 5.06 ±0.232 4.85 ±0.303 4.68 ±0.247 

Relative liver weight (%) 

Means ± SD 2.01c ±0.11 2.68a ±0.14 2.60a ±0.09 2.35b ±0.11 2.24b ±0.14 2.17bc ±0.12 

% of change 0.00 33.33 -2.99 -12.31 -16.42 -19.03 

Absolute kidney weight (g) 

Means ± SD 1.35 ±0.128 1.57 ±0.036 1.51 ±0.043 1.51 ±0.041 1.42 ±0.093 1.38 ±0.056 

Relative kidney weight (%) 

Means ± SD 0.63d ±0.065 0.88a ±0.026 0.84ab ±0.03 0.80bc ±0.029 0.73c ±0.062 0.67d ±0.025 

% of change 0.00 39.68 -4.55 -9.09 -17.05 -23.86 
Results are presented as means ± SD. The difference in mean values for groups with different superscript letters in the same row is statistically 

significant (p ≤ 0.05). B[a]P: Benzo[a]pyrene; SMSE: Silybum marianum seed ethanolic extract at dosages of 200, 400, 600, and 800 mg/kg 

BW/day. 
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Conversely, oral administration of SMSE at doses of 

400, 600, and 800 mg/kg/d in B[a]P-treated rats 

demonstrated a notable (p ≤ 0.05) increase in FBW by 

ratios of 5.57, 8.08, and 15.04%, respectively. 

Additionally, there was a significant decrease in relative 

liver weight, with percentages of -12.31, -16.42, and -

19.03%, as well as a significant decrease in relative 

kidney weight by -9.09, -17.05, and -23.86%, 

respectively, when compared to the B[a]P control (+Ve) 

group. Noteworthy, there were no significant 

differences in these markers between vehicle control (-

Ve) rats and B[a]P-exposed rats treated with SMSE at 

800 mg/kg/d. The observed effects may be ascribed to 

the bioactive compounds present in SMSE. The SM 

extract, known as silymarin, is an intricate mixture of 

natural plant-derived compounds, primarily consisting 

of flavonolignans, flavonoids (such as taxifolin and 

quercetin), and polyphenolic compounds. These 

constituents are known for their antioxidant properties, 

along with possessing various other biological 

characteristics (Surai, 2015). The silymarin complex 

comprises four flavonolignan isomers, namely silibinin, 

isosilibinin, silichristin, and silidianin. Among these 

isomers, silibinin, also known as silybin, is the most 

abundant and biologically active. Silibinin constitutes 

approximately 50-70% of the silymarin complex, while 

the remaining flavonolignan isomers account for around 

35% of the complex (Abenavoli et al., 2010). These 

constituents are crucial plant bioactive compounds that 

could potentially mitigate or prevent the adverse effects 

of B[a]P exposure through various mechanisms such as 

interacting with multiple transcription factors of the 

nuclear receptor superfamily, disrupting the activity of 

other transcription factors, modulating signaling 

pathways linked to inflammatory and oxidative stress 

responses, and scavenging reactive species like ROS 

and RNS. 

Effect of SMSE on B[a]P-induced CYP450 activation 

The first phase of the biotransformation process of 

B[a]P into B[a]P epoxides is mediated by the activity of 

cytochrome P450 (CYP450). Data in Table (3) revealed 

the effect of SMSE intervention on the activity of 

CYP450 in the negative control, positive control, and 

B[a]P + SMSE treated groups. The data demonstrated 

that exposure to B[a]P in the positive control group led 

to a significant (p ≤ 0.05) increase in CYP450 levels, 

showing a 68.25% elevation compared to the negative 

control group. This finding coincides with the 

observations of Kiruthiga et al. (2015) who noted a 

significant increase in CYP1A1/CYP1B1 catalytic 

activity in adult Wistar strain rats following 

intraperitoneal injection of B[a]P at doses of (50 

mg/kg/BW) twice weekly for two weeks, compared to 

the vehicle control group. Furthermore, Bukowska and 

Duchnowicz (2022)  reported that B[a]P has the 

potential to enhance AhR translocation, leading to an 

increase in the levels of CYP450 and other proteins 

involved in the metabolism of B[a]P. Hence, the 

expression of CYP1A1 is frequently used as an 

indicator to assess the extent of damage caused by 

B[a]P. 

Phase I enzymes (CYP450) are typically the first 

line of defense in the body's biotransformation against 
potential toxic agents. These heme-thiolate 

monooxygenases, which are bound to microsomal 

membranes, are primarily located in the liver and play a 

crucial role in the detoxification of xenobiotics and 

contribute to the metabolism of numerous structurally 

diverse compounds (Esteves et al., 2021). CYP450 

enzymes' primary function is to add a reactive group, 

including a carboxyl, hydroxyl, or amino group, to 

compounds via oxidation, reduction, and/or hydrolysis 

processes. However, the biotransformation mediated by 

CYP enzymes can cause oxidative damage inside 

biological systems due to the conversion of 

environmental chemicals to reactive electrophilic 

species or carcinogenic substances, which is commonly 

referred to as "lethal synthesis" or bioactivation (Hodges 

& Minich, 2015 and Esteves et al., 2021). Once B[a]P is 

absorbed into the gastrointestinal tract, it undergoes 

metabolic transformation in the liver and is converted 

into various metabolites through the action of 

cytochrome P450 enzymes. In general, B[a]P is subject 

to sequential oxidation, resulting in the formation of 

B[a]P-7,8-epoxide, B[a]P-7,8-dihydrodiol, and B[a]P-

7,8-dihydrodiol-9,10-epoxide (BPDE). The metabolites 

derived from B[a]P possess mutagenic and highly 

carcinogenic properties, particularly BPDE in this 

regard (Kumar et al., 2017). The bay and fjord region 

diol epoxides (Figure 1), which are mainly produced 

through the carcinogen-inducible CYP1A1/CYP1B1 

enzyme, are regarded as the most cytotoxic and 

mutagenic metabolites of B[a]P (Uno et al., 2001). 

Properly speaking, B[a]P is considered a procarcinogen. 

The manifestation of its carcinogenic properties is 

contingent upon the activity of cytochrome P450 

(CYP1A1) and (CYP1B1) detoxification enzymes, 

which facilitate the enzymatic transformation of B[a]P 

into BPDE (Jee et al., 2020a and Abbass et al., 2021). 

Moreover, B[a]P stimulates the expression of the 

CYP1A1 gene by activating the AhR nuclear 

translocation signaling pathway (Ghosh et al., 2018). 

AhR is a ligand-activated transcription factor well 

recognized for mediating the toxicity and tumor-

promoting effects of carcinogens such as dioxin and 

B[a]P (Murray et al., 2014).   
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Table 3. Effect of SMSE on B[a]P-induced CYP450 activation 

Groups CYP450 (nmol/mg protein ) % of change 

Control (-Ve) 1.89d ± 0.31 0.00  

Control (+Ve) 3.18a ± 0.41 68.25 

B[a]P + SMSE (200 mg/kg BW/day) 3.06a ± 0.43 -3.77 

B[a]P + SMSE (400 mg/kg BW/day) 2.95ab ± 0.24 -7.23 

B[a]P + SMSE (600 mg/kg BW/day) 2.37c ± 0.10  -25.47 

B[a]P + SMSE (800 mg/kg BW/day) 2.28c ± 0.20  -28.30 
Results are presented as means ± SD. The difference in mean values for groups with different superscript letters in the same column is statistically 
significant (p ≤ 0.05). B[a]P: Benzo[a]pyrene; SMSE: Silybum marianum seed ethanolic extract; CYP450: Cytochrome P450. 

 

Interestingly, oral administration of SMSE at 

concentrations of 600 and 800 mg/kg BW/day in B[a]P-

treated rats showed a marked (p ≤ 0.05) reduction in the 

activity of CYP450 when compared to the 

corresponding values in B[a]P-intoxicated rats without 

intervention. The reduction rates were -25.47 and -

28.30%, respectively, compared to the positive control. 

On the other hand, SMSE intervention at doses of 200 

and 400 mg/kg BW/day didn’t reveal any significant 

differences. Additionally, compared to the control 

(+Ve), SMSE 800 mg/kg BW/day recorded the highest 

inhibition effect on serum CYP450 levels in B[a]P-

treated rats. In general, it is a beneficial approach to 

decrease the incidence of toxification or carcinogenesis 

following exposure to toxic compounds or chemical 

carcinogens by inhibiting the activity of phase I CYP 

enzymes and stimulating the activity of phase II 

detoxification enzymes (Korobkova, 2015). According 

to Kiruthiga et al. (2015) silymarin exhibits a significant 

protective effect against toxicity induced by B[a]P in 

Wistar rats through inhibition of phase I (CYP1A1) 

detoxification enzymes and modulation of phase II 

conjugating enzymes. Similar findings were noted in a 

study conducted by Jee et al.  (2020b), where exposure 

to B[a]P resulted in increased expression of CYP1A1 

along with a decrease in the expression of GST and 

ABCC1. Nevertheless, when B[a]P was co-

administered with silymarin, the expression of GST and 

ABCC1 was restored, while the activation of CYP1A1 

decreased. These observations suggest that silymarin 

may play a role in reducing the metabolism of B[a]P 

and promoting the excretion of B[a]P metabolites 

through the regulation of the enzymatic activity of phase 

I, II, and III metabolizing enzymes. Since CYP450 is 

involved in B[a]P transformation into highly toxic and 

carcinogenic compounds is well-established, inhibition 

of CYP450 by SMSE may potentially be effective in 

alleviating B[a]P exposure-induced damages. 

Effect of SMSE on B[a]P-induced inflammatory 

response biomarker (TNF-α) 

Inflammation is an adaptive response to toxic 

stimuli. Tumor necrosis factor alpha (TNF-α) is a 

cytokine that exhibits a wide range of effects on 

different cellular entities and functions and is a key 

regulator of inflammatory responses. Overactivation of 

TNF-α can lead to the development of pathological 

complications. Table (4) demonstrates the effect of oral 

administration of SMSE on the inflammatory response 

biomarker, TNF-α, induced by B[a]P in B[a]P-treated 

rats. Compared to the vehicle control group (-Ve), the 

level of the pro-inflammatory cytokine TNF-α in the 

B[a]P control (+Ve) rats, which received oral doses of 

B[a]P (50 mg/kg BW/day) twice weekly for four weeks, 

was significantly (p ≤ 0.05) higher with a notable 

increase rate of 95.95%, indicating that B[a]P stimulates 

the initiation of inflammatory responses and the release 

of pro-inflammatory cytokines. This observation aligns 

with earlier reports suggesting that exposure to B[a]P 

induces oxidative stress and inflammation in 

experimental animals (Ajayi et al., 2016; Shahid et al., 

2016a; Owumi et al., 2021; Mahran & Elhassaneen, 

2023a). ROS play a crucial role in the activation of 

various transcription factors, particularly nuclear factor 

kappa B (NF-κB), which triggers the release of pro-

inflammatory cytokines such as TNF-α and interleukin-

6 (IL-6), consequently enhancing the activation of 

cyclooxygenase-2 (Reuter et al., 2010). Exposure to 

B[a]P can cause oxidative stress and toxification 

through two distinct pathways. Firstly, B[a]P exposure 

triggers the activation of the NF-κB signaling pathway. 

Following in vitro exposure of endothelial cells to 

B[a]P, there was a significant upregulation in 
messenger ribonucleic acid (mRNA) expression of the 

NF-κB subunits p65 and p50. Consequently, there was 

an elevation in the levels of interleukin-1 beta (IL-1β), 

TNF-α, and the production of ROS (Ji et al., 2013). 

Secondly, ROS production after B[a]P-quinone 

metabolites formation. Reports indicate that excessive 

ROS generated during B[a]P metabolism results in 

elevated lipid peroxidation (LPO) and a drop in the 

antioxidant defense system. This shift in the balance 

forces B[a]P metabolism towards toxification, resulting 

in the generation of more reactive metabolites and DNA  
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Table 4. Effect of SMSE on B[a]P-induced inflammatory response biomarker (TNF-α) 

Groups TNF-α (ng/L) level % of change 

Control (-Ve) 1.48d ± 0.31 0.00  

Control (+Ve) 2.90a ± 0.17 95.95 

B[a]P + SMSE (200 mg/kg BW/day) 2.71ab ± 0.26 -6.55 

B[a]P + SMSE (400 mg/kg BW/day) 2.58ab ± 0.38 -11.03 

B[a]P + SMSE (600 mg/kg BW/day) 2.31bc ± 0.19 -20.34 

B[a]P + SMSE (800 mg/kg BW/day) 1.97c ± 0.12 -32.07 
Results are presented as means ± SD. The difference in mean values for groups with different superscript letters in the same column is statistically 

significant (p ≤ 0.05). B[a]P: Benzo[a]pyrene; SMSE: Silybum marianum seed ethanolic extract; TNF-α: Tumor necrosis factor alpha. 

 

 

adducts (Jee et al., 2020a and Mahran & Elhassaneen, 

2023a).   

Oxidative stress can, in turn, exacerbate 

inflammation, creating a detrimental cycle perpetuated 

by the stimulation of NF-κB. In this manner, the 

inflammatory cytokines linked to oxidative stress 

contribute to the deterioration of renal tissues by 

triggering processes like necrosis, apoptosis, and 

fibrosis. Furthermore, these cytokines may have a 

significant role in the etiology and progression of 

chronic kidney disease (Gyurászová et al., 2020). 

Moreover, TNF, a cytotoxic pro-inflammatory cytokine, 

is believed to be involved in the onset of liver damage. 

The elevated levels of circulating TNF-α prompt 

activation of cell surface TNF-α receptors, inducing 

stress-related protein kinases c-Jun N-terminal kinase 

(JNK) and IκB kinase (IKK). This cascade effect results 

in the further production of additional inflammatory 

cytokines (Feagins et al., 2015). Hence, inhibiting TNF 

is considered a therapeutic approach to alleviating liver 

and kidney injuries. 

In this context, the co-treatment of rats with B[a]P + 

SMSE (600 and 800 mg/kg BW/day) showed a marked 

decrease in TNF-α levels by rates of -20.34% and -

32.07%, respectively, which was statistically significant 

(p ≤ 0.05) compared to the positive control group. 

However, the co-administration of B[a]P + SMSE (200 

and 400 mg/kg BW/day) did not show statistically 

significant differences. These findings indicate a 

potential anti-inflammatory role for SMSE. Silybum 

marianum fruits contain diverse flavonoids. The plant's 

main constituent is a mixture of flavonolignans known 

as silymarin, known for its potent antioxidant 

properties. Silybin accounts for 50% of the 

flavonolignans in silymarin, followed by silly 

chrysanthemum at 20%, silydianin at 10%, and 

isosilibine at 5% (Khazaei  et al., 2022). Silybin exhibits 

the ability to deactivate pro-inflammatory signals 

associated with NF-κB activation, which is implicated 

in the synthesis of cytokines like TNF-α, IL-1, and IL-6 

(Polyak et al., 2010). This effect is attributed to its dual 

capability as a free radical scavenger and inhibitor of 

lipid peroxidation, as demonstrated in both in vitro and 

in vivo studies (Nencini et al., 2007 and Federico et al., 

2015). According to Bhattacharya (2011),   silymarin 

inhibits the inflammatory process by impeding the 

migration of neutrophils and Kupfer cells. Additionally, 

it obstructs the generation of inflammatory mediators, 

particularly leukotrienes and prostaglandins, by 

inhibiting the 5-lipoxygenase pathway. Moreover, 

silymarin suppresses histamine release and secretion by 

basophils. Furthermore, Wang et al. (2006) stated that 

taxifolin, a flavonoid found in small quantities in SMS, 

is capable of regulating the activation of NF-κB in rats 

experiencing cerebral ischemia-reperfusion injury. Their 

study presented evidence suggesting that taxifolin's 

effectiveness in modulating NF-κB activation is due to 

its antioxidative properties. 

Oxidative stress can increase the expression of pro-

inflammatory mediators, triggering an inflammatory 

response that exacerbates injury to the liver and 

kidneys. The current results indicated the anti-

inflammatory property of SMSE, as evidenced by a 

notable reduction in the activation of the inflammatory 

response biomarker (TNF-α) induced by B[a]P, 

suggesting that SMSE may play a protective role against 

hepatic and renal injuries caused by B[a]P. Further 

biochemical and histopathological examinations were 

performed to verify these potential protective effects. 

Effect of SMSE on B[a]P-induced hepatotoxicity 

markers 

Estimating the activities of hepatic transaminases is 

a valuable method for evaluating the integrity of 

hepatocytes and the functioning of the liver. The effect 

of SMSE intervention on aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and alkaline 

phosphatase (ALP) activities in B[a]P-treated rats is 

illustrated in Table (5). Based on this data, it was 

evident that the administration of B[a]P resulted in a 

significant (p ≤ 0.05) increase in AST, ALT, and ALP 

levels in the control (+Ve) group compared to the 

negative one, with a remarkable increase rate of 
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124.09%, 124.98%, and 128.77%, respectively, which 

may be an indicator of hepatic dysfunction due to liver 

cell damage in rats that were exposed to B[a]P toxicity. 

These findings match those of Owumi et al. (2021), 

who observed a notable increase in ALT, AST, and 

ALP activities in Wistar rats exposed to B[a]P 

compared with the control group. 

Serum transaminase estimation is beneficial in the 

identification of tissues/cellular injuries caused by toxic 

chemical exposure before conducting biopsies and 

histological examinations. Nevertheless, the ALT 

enzyme is more accurate in evaluating liver damage 

because AST is also elevated after muscular injury and 

myocardial infarction (Giannini et al., 2005). Hepatic 

ALP is an enzyme bound to the cellular membrane, 

playing a pivotal role in the transportation of 

metabolites. The activity of this enzyme is widely 

considered a significant indicator of liver injury (Thapa 

and Walia, 2007). Elevated levels of ALP can indicate 

biliary system injury or obstruction of the biliary tree. 

Such conditions can disrupt normal blood flow to the 

liver (Farida et al., 2012). Moreover, hepatic 

biosynthesis capacity can also be evaluated by 

assessment of AST and ALT levels, both of which are 

markers of hepatocyte damage. Notably, ALT serves as 

a specific indicator of hepatocyte necrosis. The levels of 

AST and ALT tend to elevate in the presence of liver 

necrosis caused by exposure to drugs and toxins (Roy 

and Bhattacharya, 2006).  

The metabolic process of B[a]P by dihydrodiol 

dehydrogenases results in the production of diverse 

intermediary compounds that subsequently generate 

ROS and RNS, triggering oxidative stress. The evidence 

in this regard encompasses the elevation in oxidative 

stress biomarkers such as ROS, LPO, and protein 

carbonyl content (PCC) in the hepatic tissue of animals 

exposed to B[a]P, which alters the native structures and 

activities or functionalities of various enzymes and 

proteins (Rangi et al., 2018). It has been documented 

that the metabolic process of B[a]P generates a 

substantial amount of ROS, which in turn oxidizes the 

reduced glutathione (GSH) into oxidized glutathione 

(GSSG) and exhausts the levels of GSH (Elhassaneen et 

al., 2016; 2022 and Mahran & Elhassaneen, 2023a). 

This depletion of GSH not only exacerbates oxidative 

stress, but also leads to the subsequent deterioration of 

the functional and structural integrity of hepatic cells. In 

this context, our results revealed increased AST, ALT, 

and ALP activities following B[a]P administration, 

thereby suggesting hepatic injury potentially instigated 

by ROS, RNS, and metabolites derived from B[a]P. The 

elevated levels of these enzymes might be attributed to 

the release of amino acids from damaged tissue caused 

by B[a]P exposure. 

On the contrary, treated groups with SMSE 

demonstrated the modulatory role in restoring the 

enzyme activities to levels close to the vehicle control. 

The intervention of SMSE in B[a]P-intoxicated rats at 

doses of 600 and 800 mg/kg BW/day significantly (p ≤ 

0.05) prevented the rise of AST, ALT, and ALP 

activities by (-30.83 and -41.22%) for AST, (-30.30 and 

-44.19%) for ALT, and (-20.76 and -34.13%) for ALP, 

respectively, when compared to the B[a]P control 

group. Furthermore, SMSE (400 mg/kg BW/day) 

demonstrated marked improvement in all of these 

markers except for ALT. However, SMSE (200 mg/kg 

BW/day) did not exhibit any significant differences 

compared to the control (+Ve). It is worth mentioning 

that the most protective activity was observed in the 

SMSE (800 mg/kg BW/day) group, followed by SMSE 

(600 mg/kg BW/day). 

Table 5. Effect of SMSE on B[a]P-induced hepatotoxicity markers 

Groups 
AST 

(U/L) 

% of 

change 

ALT 

(U/L) 

% of 

change 

ALP 

(U/L) 

% of 

change 

Control (-Ve) 
62.18e  

± 5.41 
0.00 

40.67d  

± 3.08  
0.00 

133.80e  

± 9.75  
0.00 

Control (+Ve) 
139.34a  

± 6.23  
124.09 

91.50a  

± 6.62  
124.98 

306.09a  

± 21.80  
128.77 

B[a]P + SMSE (200 mg/kg BW/day) 
131.85a  

± 4.44  
-5.38 

83.90a  

± 4.50  
-8.31 

296.40a  

± 23.96  
-3.17 

B[a]P + SMSE (400 mg/kg BW/day) 
107.07b  

± 7.81 
-23.16 

77.77ab  

± 2.9 
-15.01 

281.39b  

± 18.05 
-8.07 

B[a]P + SMSE (600 mg/kg BW/day) 
96.38c  

± 8.03 
-30.83 

63.78b  

± 5.14  
-30.30 

242.56c  

± 14.11 
-20.76 

B[a]P + SMSE (800 mg/kg BW/day) 
81.91d  

± 3.87  
-41.22 

51.07c  

± 4.33  
-44.19 

201.61d  

± 11.43  
-34.13 

Results are presented as means ± SD. The difference in mean values for groups with different superscript letters in the same column is statistically 

significant (p ≤ 0.05). B[a]P: Benzo[a]pyrene; SMSE: Silybum marianum seed ethanolic extract; AST: Aspartate aminotransferase; ALT: Alanine 

aminotransferase; ALP: Alkaline phosphatase. 
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Multiple hepatoprotective agents, mainly plant-

based substances that comprise bioactive compounds, 

can protect against ROS-mediated tissue damage 

through their antioxidant and free radical scavenging 

properties. In this context silymarin, a bioflavonoid, is 

the principal constituent of SM. In terms of its chemical 

composition, silymarin can be classified as a 

flavonolignan comprising a combination of primarily 

three flavonoids, namely silibinin, silydianin, and 

silychristin. Among these components, silibinin, 

constituting 70-80% of silymarin, is believed to be the 

most biologically active compound (Kiruthiga et al., 

2007). The presence of a hydroxyl group molecule in 

the chemical structure of silymarin is responsible for its 

antioxidant properties. Furthermore, the antioxidant 

capacity of flavonoids is enhanced by the presence of 

unsaturation and a 4-oxo function in the C ring (Farkas 

et al., 2004). The relationship between the structure and 

antioxidant activity of flavonoid compounds has 

revealed that the presence of hydroxyl groups on the 3rd 

and 5th carbon atoms considerably enhances antioxidant 

activity by approximately 65%. This observation is 

likewise associated with silymarin because of its 

components, silibinin, silydianin, and silychristin, which 

contain hydroxyl groups on the 3rd and 5th carbon atoms 

(Kiruthiga et al., 2007). Additionally, all of these 

compounds possess an extra hydroxyl group at the 7th 

carbon atom, which could explain the potent antioxidant 

properties exhibited by silymarin (Nabavi et al., 2012). 

Silymarin protects hepatocytes through various 

mechanisms. It enhances the stability of membrane 

permeability by inhibiting lipid peroxidation. 

Consequently, it aids the liver in preserving its own 

protective antioxidant, glutathione. Silymarin stimulates 

the synthesis of hepatic glutathione, which is crucial for 

the antioxidant defense system, by improving the 

availability of cysteine through the regulation of sulfur-

containing amino acid metabolism (Kwon et al., 2013). 

Silymarin additionally provides protection against 

damage caused by toxic substances (Li et al., 2012) and 

alleviation of hepatic steatosis and fibrosis (Ou et al., 

2018) through inhibition of the synthesis of IL-2, IL-4, 

interferon-gamma, and TNF-α, thereby downregulating 

the expression of inflammation-related genes and 

suppressing hepatic NF-κB activation. These findings 

suggest that SMSE may offer protection against hepatic 

injury induced by B[a]P exposure in albino rats, which 

was further confirmed by histopathological examination 

(Figure 2). 

Effect of SMSE on B[a]P-induced nephrotoxicity 

markers 

Kidneys are particularly susceptible to ROS attacks 

as they play a vital role in metabolic and filtration 

processes. Oxidative stress caused by ROS primarily 

triggers the release of an array of pro-inflammatory 

cytokines, which in turn leads to nephrotic inflammation 

and ultimately impairs renal function (Jiang et al., 

2017). The effect of SMSE intervention on serum urea 

and creatinine concentrations in B[a]P-treated rats is 

shown in Table (6). It was clear that treating rats with 

B[a]P led to a significant (p ≤ 0.05) increase in the 

mean values of serum urea and creatinine compared to 

those in the negative control group, with a rate of 

increase of 60.18 and 68.35%, respectively. It is widely 

recognized that serum urea and creatinine levels serve 

as biomarkers for assessing glomerular filtration rate, 

which is used as an indicator in clinical research to 

evaluate renal function. Our histopathological 

examination results (Figure 3. 2a & b) showed a marked 

vacuolization of the epithelial lining of the renal tubules 

and congestion of the glomerular tufts in the kidney of 

intoxicated rats with B[a]P. These observations may 

indicate the presence of nephrotic glomerular 

dysfunction, leading to increase serum urea and 

creatinine concentrations in rats exposed to B[a]P. 

These results align with the findings of Khattab et 

al. (2021), who found that oral administration of B[a]P 

of 50 mg/kg BW twice a week for 28 days resulted in a 

highly significant elevation in serum urea and creatinine 

concentrations in the B[a]P treated rats in comparison 

with the normal rats. Furthermore, Sinha and Dash 

(2018) have demonstrated that oral administration of 

B[a]P (120 mg/kg BW) in Swiss albino mice resulted in 

renal damage alongside marked DNA fragmentation and 

alteration in DNA integrity in the kidney when 

compared to the control group. The increase in serum 

urea concentration may be attributed to excessive 

degradation of proteins and enzymes caused by ROS. 

Additionally, diminished renal function engendered 

retention or accumulation of urea. Accumulation of 

serum urea occurs when the production rate outstrips the 

clearance rate, indicating renal dysfunction (Sivanagi et 

al., 2012).  Moreover, an elevated serum creatinine level 

signifies the retention of creatinine in the bloodstream, 

consequent to the progressive kidney degradation 

caused by exposure to reactive metabolites of B[a]P, 

which readily generates free radicals (Ogbonna et al., 

2016).  

Through the activation of AhR by CYP1A1-

mediated metabolism, B[a]P undergoes processes that 

lead to the formation of B[a]P radical cations, 

subsequent free radicals generation, and the production 

of benzoquinones (Bukowska and Duchnowicz, 2022). 

These processes collectively result in oxidative damage 

to biomolecules. The detrimental effects of B[a]P are 

often linked to its metabolic transformations, resulting 

in the production of ROS and the induction of DNA 
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damage. These mechanisms are pivotal in understanding 

the toxicity associated with B[a]P (Bukowska and 

Duchnowicz, 2022). Furthermore, several studies have 

documented that exposure to B[a]P induced a 

significant decrease in tissue antioxidant armory 

activities such as superoxide dismutase (SOD), 

glutathione peroxidase (GSH-Px), catalase (CAT), GST, 

and GSH, with subsequent elevation in the levels of 

toxicity markers, such as lipid peroxidation 

(malondialdehyde, MDA), nitrite (NO2), nitrite/nitrate 

(NO2/NO3), lactate dehydrogenase LDH, and B[a]P 

metabolizing enzymes like microsomal epoxide 

hydrolase (mEH) and NADPH-cytochrome P450 

reductase (CYPOR) in experimental animals 

(Elhassaneen et al., 2016; 2018; Shahid et al., 2016b; 

Mahran et al., 2018 and Mahran & Elhassaneen, 2023a). 

The elevation of such particular substances can 

potentially cause detrimental consequences for the 

functional and structural integrity of the tissues, 

inducing cellular injuries. The susceptibility of renal 

tissue to harm inflicted by toxins that create oxidative 

stress can be ascribed to the augmented metabolic state, 

active enzymes, and significant oxygen requirements of 

kidney tissue (Jiang et al., 2017). Additionally, renal 

tissue harbors the highest concentrations of 

physiological markers of lipid peroxidation, which are 

particularly susceptible to the hazardous byproducts of 

B[a]P (Murawska-Ciałowicz et al., 2011). Moreover, 

B[a]P is predominantly trapped within the kidneys, 

rendering them a target organ for its injurious effects 

(Jee et al., 2020a). 

In terms of our findings, as compared to the positive 

group, it was noted that the SMSE interventions 

administered at doses of 400, 600, and 800 mg/kg 

BW/day were capable of preventing renal injury and 

exhibited a significant (p ≤ 0.05) reduction in serum 

urea and creatinine levels in B[a]P-intoxicated rats in a 

dose-dependent manner. These interventions effectively 

prevented the rise in serum urea by rates of -17.44, -

21.70, and -31.22% and serum creatinine by rates of -

21.80, -35.34, and -36.84%, respectively, when 

compared to the control (+Ve). Although the SMSE at 

dose of 200 mg/kg BW/day intervention partially 

prevented the elevation of these parameters, it did not 

reach statistically significant levels. Furthermore, the 

SMSE at dose of 800 mg/kg BW/day intervention was 

far superior to others in neutralizing kidney functions 

compared to the control (-Ve). These findings are 

somewhat compatible with the results obtained by 

Malkani et al. (2020), who indicated that the 

administration of S. marianum seed extract effectively 

protected the kidney from damage caused by 

vancomycin-induced oxidative stress in Swiss male 

albino mice.  

The antioxidant enzymes serve as the defense 

response system against oxidative stress and counteract 

its detrimental effects. Studies conducted by Shahid et 

al. (2016b) and Mahran & Elhassaneen (2023a) 

demonstrated a notable decrease in levels of both 

enzymatic antioxidants (GSH-Px, CAT, and SOD) and 

non-enzymatic antioxidants (GSH and GSSG) following 

B[a]P administration. Additionally, there was a marked 

increase in the levels of MDA (Mahran and Elhassaneen 

2023a). However, the administration of SMSE 

attenuated these changes and restored enzymatic and 

non-enzymatic antioxidant armories, along with 

exhibiting its anti-lipid peroxidative activity, as 

documented by Mahran and Elhassaneen (2023a). 

Several toxicological investigations have demonstrated 

evidence of the presence of AhR in renal tissues, 

suggesting the potential metabolic activation of B[a]P to 

reactive intermediates in the kidneys, similar to that 

which takes place in hepatic cells (Nanez et al., 2001 

and Ortiz-Delgado et al., 2008). Moreover, Zhao et al. 

(2019) documented that AhR activation is implicated in 

renal cell carcinoma and kidney diseases. Flavonoids 

derived from natural sources represent the most 

extensive components of AhR ligands, indicating their 

ability to inhibit AhR transformation (Fukuda et al., 

2009). These might explain SMSE' protective effect 

against B[a]P-induced nephrotoxicity.   

Table 6. Effect of SMSE on B[a]P-induced nephrotoxicity markers 

Groups 
Urea 

(mg/dl) 

% of 

change 

Creatinine  

(mg/dl) 

% of 

change 

Control (-Ve) 39.33d ± 2.21 0.00 0.79c ± 0.04 0.00 

Control (+Ve) 63.00a ± 4.51 60.18 1.33a ± 0.1 68.35 

B[a]P + SMSE (200 mg/kg BW/day) 59.33ab ± 3.79 -5.83 1.20ab ± 0.06 -9.77 

B[a]P + SMSE (400 mg/kg BW/day) 52.01bc ± 3.61 -17.44 1.04b ± 0.05 -21.80 

B[a]P + SMSE (600 mg/kg BW/day) 49.33c ± 4.21 -21.70 0.86c ± 0.04 -35.34 

B[a]P + SMSE (800 mg/kg BW/day) 43.33cd ± 2.59 -31.22 0.84c ± 0.04 -36.84 

Results are presented as means ± SD. The difference in mean values for groups with different superscript letters in the same column is statistically 

significant, (p ≤ 0.05). B[a]P: Benzo[a]pyrene; SMSE: Silybum marianum seed ethanolic extract. 
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Histopathological examinations  

Effect of SMSE on B[a]P-induced histological 

alterations in liver tissues 

Histopathological examination was performed on 

liver tissues to further investigate the potential 

protective effects of SMSE against B[a]P-induced 

hepatic injury. Figure (2) illustrates photomicrographs 

of liver cells from all experimental groups. The 

examination revealed that liver sections from the 

negative control group demonstrated the normal 

histoarchitecture of the hepatic lobule. In contrast, the 

liver tissue of rats that were exposed to B[a]P exhibited 

severe histopathological changes that involved vacuolar 

degeneration of hepatocytes, focal hepatocellular 

necrosis associated with inflammatory cells infiltration, 

activation of Kupffer cells, fibroplasia in the portal 

triad, and appearance of newly formed bile ductules. 

Consistent with our findings, Kiruthiga et al. (2015) 

demonstrated that the liver sections of rats that received 

B[a]P at a dosage of 50 mg/kg/body weight showed 

hepatic necrosis, hepatocyte degeneration, loss of 

hepatic plate architecture, and infiltration of 

mononuclear cells. Moreover, Rangi et al. (2018) 

observed that the hepatocytes experience apoptosis, 

characterized by pyknotic nuclei, along with the 

manifestation of ballooning degeneration, which was 

evident through the swollen wispy cytosol and the 

presence of eosinophilic councilman bodies in B[a]P-

treated rats.  

 Oxidative stress has been regarded as a co-

pathological mechanism that triggers both the onset and 

progression of liver damage (Li et al., 2015). The liver 

is highly vulnerable to ROS attacks (Sánchez-Valle et 

al., 2012). The liver encounters injury due to oxidative 

stress, mainly in its parenchymal cells. Additionally, 

Kupffer cells, endothelial cells, and stellate cells are 

thought to be more susceptible to exposure or sensitivity 

to molecules associated with oxidative stress (Sánchez-

Valle et al., 2012). In response to oxidative stress, a 

diversity of cytokines such as TNF-α may be generated 

within Kupffer cells, thereby potentially augmenting 

inflammation and apoptosis. In the case of hepatic 

stellate cells, LPO resulting from oxidative stress 

stimulates cell proliferation and collagen synthesis 

(Cichoż-Lach and Michalak, 2014). Hajam et al. (2022) 

reported that ROS instigates damage to the membranes 

of hepatocytes, resulting in deuteriation, which causes 

collagen accumulation in the hepatocytes. This 

accumulation leads to the development of liver fibrosis 

and ultimately results in liver cirrhosis. Additionally, 

hepatic cells experience lipoapoptosis due to incomplete 

biomolecule oxidation and trigger immune reactions in 

the liver. 

In contrast, in B[a]P-intoxicated rats treated with 

SMSE, liver tissues showed varying degrees of 

improvement in histopathological changes depending on 

SMSE dose, indicating that the degenerative alterations 

were mitigated and the liver's histological architecture 

was improved significantly. Among the tested 

interventions, SMSE at 800 mg/kg BW/day was the 

most effective (Figure 2.6. a and b). It exhibited only 

slight hepatocellular vacuolar degeneration in some 

hepatocytes within specific liver sections, while others 

displayed a normal histological architecture of the 

hepatic lobule. These improvements in liver tissue 

histoarchitecture may be attributed to the antioxidant 

properties of SMSE. Silymarin, an extract from the SM 

seeds, can diminish oxidative stress and subsequent 

cytotoxicity, thus protecting intact hepatocytes or cells 

that have not yet sustained irreversible damage. 

Silymarin acts as a scavenger of free radicals and 

regulates the activity of enzymes linked to the 

progression of cellular injury, fibrosis, and cirrhosis 

(Gillessen and Schmidt, 2020).   
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Figure 2. Effect of SMSE on B[a]P-induced histological alterations in liver tissues 

(1): Vehicle control group (-Ve); normal histoarchitecture of hepatic lobules (1. a & b). (2): B[a]P control (+Ve); vacuolar 

degeneration of hepatocytes (black arrow) and focal hepatocellular necrosis associated with inflammatory cells infiltration (red 

arrow) (2. a), activation of Kupffer cells (red arrow) and also focal hepatocellular necrosis associated with inflammatory cells 

infiltration (black arrow), (2. b), and fibroplasia in the portal triad (black arrow) and appearance of newly formed bile ductules (red 

arrow), (2. c). (3): B[a]P + SMSE (200 mg/kg BW/day); congestion of the central vein (black arrow) and hepatic sinusoids (3. a); 

and small focal hepatocellular necrosis associated with inflammatory cells infiltration (black arrow) and activation of Kupffer cells 

(red arrow), (3. b). (4): B[a]P + SMSE (400 mg/kg BW/day); hepatocellular vacuolar degeneration of some hepatocytes (black 

arrow) and Kupffer cells proliferation (red arrow), (4. a) and focal hepatocellular necrosis associated with inflammatory cells 

infiltration (4. b). (5): B[a]P + SMSE (600 mg/kg BW/day); hepatocellular vacuolar degeneration of some hepatocytes (black 

arrow) and Kupffer cells proliferation (red arrow), (5. a & b). (6): B[a]P + SMSE (800 mg/kg BW/day); slight hepatocellular 

vacuolar degeneration of some hepatocytes (6. a), the other sections exhibited the normal histological structure of the hepatic 

lobule (6. b). (H & E X 400, scale bar 50µm).  
 

Our findings may corroborated by previous studies, 

which have proposed that silymarin exhibits promising 

antifibrotic activity in experimental liver injury due to 

its composition of silybin, silychristin, silydianin, and 

isosilybin. The potential hepatoprotective mechanisms 

of silymarin may involve inhibition of LPO, elevation 

of intracellular GSH content, regulation of membrane 

permeability, enhancement of membrane stability in the 

face of xenobiotic damage, and hindrance of stellate 

hepatocyte transformation into myofibroblasts. This 

transformation is accountable for collagen fiber 

deposition, which can lead to cirrhosis (Fried et al., 

2012; Ogbonna et al., 2016 and Mahran & Elhassaneen, 

2023a). Moreover, silymarin has the potential to 
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alleviate hepatic inflammation in experimental animals 

by inhibiting the lipo-oxygenase cycle and reducing 

leukotrienes and Kupffer cell function (Ross, 2008). 

These findings indicated that SMSE effectively 

normalized liver function and partially repaired hepatic 

tissue damage. The protective effect of SMSE might be 

more pronounced at higher dosages or longer treatment 

durations. Consequently, it can be concluded that SMSE 

has the potential to protect against hepatic injuries 

induced by B[a]P in albino rats by mitigating the 

oxidative stress caused by B[a]P and its toxic reactive 

metabolites. 

Effect of SMSE on B[a]P-induced histological 

alterations in kidney tissues  

Photomicrographs in Figure (3) illustrate kidney 

tissue samples from experimental groups. 

Microscopically, examination of the kidney tissues of 

rats from the control (-Ve) group displayed normal 

histological architecture of renal parenchyma. 

Conversely, the kidneys of rats from the control (+Ve) 

group exhibited marked vacuolization of epithelial 

lining renal tubules, congestion of the glomerular tufts, 

and intertubular inflammatory cell infiltration. These 

findings are consistent with recent results from Khattab 

et al. (2021), who documented that B[a]P exposure at a 

dosage of 50 mg/kg body weight twice a week for a 

four-week resulted in the appearance of a variety of 

detrimental consequences in rats' kidney tissue. These 

consequences included disorganized glomeruli 

accompanied by congested blood capillaries. 

Additionally, in the majority of cases, the tubules had 

lost their brush border and exhibited an obstructed 

lumen. Furthermore, Adedara et al. (2015) noted that 

the kidneys of rats exposed to B[a]P exhibited multiple 

protein casts within the tubular lumen, indicating 

nephrotic glomerular dysfunction. In contrast, Owumi et 

al. (2021) reported that administration of B[a]P at a 

dosage of 10 mg/kg per day for four weeks had no 

impact on renal histology. The variations in the reported 

findings may be attributed to the different dosages of 

B[a]P used in these studies. In this context, we postulate 

that all the observed kidney abnormalities could 

potentially be associated with the detrimental effects of 

oxidative stress exerted by B[a]P. 

 

Figure 3. Effect of SMSE on B[a]P-induced histological alterations in kidney tissues 
(1): Negative control group (-Ve); normal histological structure of renal parenchyma (1. a & b). (2): Positive control group (+Ve); 

marked vacuolization of epithelial lining renal tubules, (2. a & b), (black arrow), congestion of glomerular tuft (2. a), (red arrow), 

and intertubular inflammatory cells infiltration, (2. b), (red arrow). (3): B[a]P + SMSE (200 mg/kg BW/day); congestion of renal 

blood vessels (black arrow) and glomerular tuft (red arrow), (3. a), necrosis of epithelial lining of some renal tubules (3. b). (4): 

B[a]P + SMSE (400 mg/kg BW/day); congestion of glomerular tuft (4. a), the other sections exhibited no histopathological 

alterations (4. b). (5): B[a]P + SMSE (600 mg/kg BW/day); vacuolar degeneration of the epithelial lining of some renal tubules (5. 

a), the other sections displayed no histopathological alterations (5. b). (6): B[a]P + SMSE (800 mg/kg BW/day); no 

histopathological alterations (6. a & b). (H & E X 400, scale bar 50µm). 
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Oxidative stress is implicated in the pathophysiology 

of numerous disorders that impact the renal system, 

including glomerular- and tubule-interstitial nephritis, 

renal ischemia, uremia, proteinuria, tubular necrosis, 

apoptosis, and renal failure (Lv et al., 2018 and Hajam 

et al., 2022). Kidneys are adversely affected by 

oxidative stress primarily due to the activation of 

inflammatory cells and pro-inflammatory cytokine 

production owing to ROS generation, resulting in an 

initial inflammatory stage (as indicated in Table 4). 

During this early phase, TNF-α and IL-1b play a 

significant role as pro-inflammatory mediators, along 

with NF-κB as a transcriptional factor crucial for 

sustaining the inflammatory process. The subsequent 

phase is distinguished by an increase in the production 

of TGF-beta, which plays a pivotal role in the synthesis 

of the extracellular matrix. Consequently, when kidney 

tissues are exposed to chronic oxidative stress stimuli, 

the outcome is an initial inflammatory stage, followed 

by excessive production of fibrotic tissue (Sun et al., 

2021 and Ha et al., 2022). Eventually, oxidative stress 

aggravates progressive glomerular damage, tubular 

atrophy, and interstitial fibrosis, ultimately leading to a 

decline in renal function and renal failure (Tutun et al., 

2019).  

Regarding our findings, the kidneys of rats from the 

B[a]P + SMSE (200 mg/kg BW/day) group showed 

congestion of renal blood vessels and glomerular tufts, 

as well as necrosis of the epithelial lining of some renal 

tubules. Meanwhile, certain kidney sections of rats from 

the B[a]P + SMSE (400 mg/kg BW/day) group 

exhibited congestion of glomerular tufts, while other 

sections showed no histopathological alterations. 

Additionally, some kidney specimens from the B[a]P + 

SMSE (600 mg/kg BW/day) group demonstrated 

vacuolar degeneration of the epithelial lining of some 

renal tubules, while others revealed no histopathological 

changes. It is noteworthy that no histopathological 

changes were observed in the rats' kidney tissues of the 

B[a]P + SMSE (800 mg/kg BW/day) treated 

group. These observations can be corroborated by the 

findings of Dumludag et al. (2022), who found that 

silymarin, an extract of Silybum marianum seeds, 

exhibited ameliorative effects on tubular necrosis, while 

boosting the activity of antioxidant molecules, such as 

GSH-Px and SOD in rats experiencing colistin-induced 

acute nephrotoxicity. In addition, Prabu and Muthumani 

(2021) documented that pathological abnormalities in 

the kidney, such as tubular necrosis, tubular 

degeneration, and tubular dilation, were significantly 

attenuated by silibinin administration in experimental 

rats exposed to arsenic-induced nephrotoxicity. The 

chemical constituents of milk thistle fruit include, in 

addition to flavonolignans, other flavonoids such as 

taxifolin and quercetin (Stolf et al., 2017). Kim et al. 

(2021) reported that quercetin, along with its metabolite 

isorhamnetin, effectively inhibits the absorption of 

B[a]P by hepatic cells, inducing a noteworthy reduction 

in the intracellular levels of both B[a]P and its 

metabolites, exhibiting a reduction in the cytotoxicity 

induced by B[a]P. Additionally, these compounds 

displayed elevation levels of the gene and protein 

expression levels of phase I, II, and III enzymes, which 

play a crucial role in xenobiotic detoxification. Our 

results suggest that the renoprotective effect of SMSE, 

as further confirmed by the histopathological 

examination of kidney tissues, may be attributed to its 

potent antioxidants that effectively counteract the 

generation of free radicals or reactive metabolites 

released during B[a]P metabolism. 

CONCLUSION 

B[a]P, a PAH, is a ubiquitous environmental and 

foodborne pollutant known for its highly toxic nature 

and significant impact on human health. Plant-derived 

bioactive compounds have recently garnered substantial 

interest owing to their capacity to counteract pollutants. 

Data of this study demonstrated that exposure to B[a]P 

induced significant injuries to the liver and kidneys, 

leading to disruptions in biochemical markers, 

inflammatory responses, and substantial alterations in 

the histological structure of hepatic and kidney tissues 

in B[a]P-exposed rats. In contrast, oral administration of 

SMSE at doses of 200, 400, 600, and 800 mg/kg 

BW/day exhibited remarkable hepatoprotective and 

nephroprotective effects against B[a]P-induced toxicity, 

notably SMSE at 800 mg/kg BW/day. Moreover, SMSE 

interventions effectively reversed all histopathological 

changes to a considerable degree in a dose-dependent 

manner. These findings may offer new insights for 

developing a novel hepato-renal preventative strategy 

using SMSE as a dietary supplement for individuals at 

risk of B[a]P contamination.  
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 الملخص العربي
بيرين ]أ[البنزوالناجمة عن ضد الإصابات الكبدية والكلوية  ك الحليبلبذور شو التأثيرات الوقائية المحتملة 

 الفئران: دراسات بيوكيمائية وهستوباثولوجيةفي 
، محمد زكريا مهران يوسف عبد العزيز الحسانين

وهو هيدروكربون عطري متعدد ، يشكل البنزو]أ[بيرين
تباره ملوثا بيئيا ت، تهديدا كبيرا لصحة الإنسان باعالحلقا

د. كشفت دراستنا السابقة ومنقولا بالغذاء منتشرا بشكل متزاي
ي لبذور شوك الحليب البري المستخلص الإيثانولأن 

(SMSE يخفف من الإجهاد التأكسدي الناجم عن )
البنزو]أ[بيرين وموت الخلايا المبرمج في الفئران البيضاء. في 

ا العمل، قمنا بتوسيع فرضيتنا لدراسة التأثيرات الوقائية هذ
كلوية الناجمة ضد الإصابات الكبدية وال SMSEالمحتملة لـ 

ن البنزو]أ[بيرين. تم تقسيم ستة وثلاثين فأر ألبينو ذكر إلى ع
ست مجموعات: المجموعة الأولى، المجموعة الضابطة 

الذرة  من زيت من وزن الجسم/مل/كجم10السالبة، تلقت 
؛ أعطيت المجموعة الثانية، عن طريق  الفم مرتين أسبوعيا

 ملجم/كجم/من وزن الجسم 50ضابطة الموجبة، المجموعة ال
من البنزو]أ[بيرين مذاب في زيت الذرة مرتين أسبوعيا، وتم 
إعطاء المجموعات الثالثة، الرابعة، الخامسة، والسادسة 

، 600، 400، 200بجرعات  SMSE +البنزو]أ[بيرين 
جم/يوم، على التوالي، عن طريق الفم لمدة ملجم/ك 800و

ظة دى التعرض للبنزو]أ[بيرين إلى زيادة ملحو أربعة أسابيع. أ
(p≤0.05( في الأوزان النسبية للكبد بنسبة )33.33% )

، (CYP450)(؛ نشاط انزيمات السيتوكروم %39.68والكلى )

٪(؛ مستويات عامل نخر 68.25مؤشر للتحولات الحيوية، )
(؛ %95.95(، وسيط مسبب للالتهابات، )TNF-αالورم ألفا )

، AST ،124.09% ،ALTت الكبد )أنشطة إنزيما
(؛ ومؤشرات وظائف الكلى ALP ،128.77%، و124.98%
في الدم(،  %68.35، والكرياتينين %60.18)اليوريا 

 مصحوبة بتغيرات نسيجية مرضية شديدة في أنسجة الكبد
والكلى مقارنة بالمجموعة الضابطة السالبة. على العكس من 

لى خفض بشكل ملحوظ إ SMSEذلك، أدت تدخلات 
اعتمادا على الجرعة مع ه المؤشرات المعدلات المرتفعة لهذ

تحسين البنية النسيجية للكبد والكليتين. قد تنجم التأثيرات 
وجيا المركبات النشطة بيول على لإحتواءه SMSEالوقائية لـ 

التي تعمل على تنظيم الإنزيمات الأيضية للبنزو]أ[بيرين، 
، والتخلص من TNF-αع ، قمCYP450 انزيمات تثبيط نشاط

تفاعلية الأخرى. تشير نتائجنا إلى أن الوسيطة ال المركبات
SMSE  نهج طبيعي محتمل للتخفيف من الآثار الضارة

 للملوثات البيئية ويستحق المزيد من البحث.
بذور شوك الحليب، بنزو]أ[بيرين،  ت المفتاحية:الكلما

، الاستجابة P450السمية الكبدية، السمية الكلوية، السيتوكروم 
 .ستوباثولوجيالالتهابية، ه

   

 

 
 


