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Abstract 
 

HIS STUDT AIMED to investigate the pathological changes occurring in lungs and liver of 

male mice exposed to different doses of Benzo[a]pyrene (B[a]P) over varying durations. B[a]P 

is a potent carcinogenic polycyclic aromatic hydrocarbon commonly found in the environment, 

primarily adsorbed to particulate matter. Ninety mature mice were divided into three groups: a 

control negative group, a group injected with a single dose of 50 mg/kg bw of B[a] P, and a group 

injected with a single dose of 100 mg/kg bw of B[a] P. The experiment was conducted over several 

months, with ten mice from each group being sacrificed at 3, 6, and 9 months. Serum samples were 

collected for biochemical tests to assess liver function and tumor marker alpha-fetoprotein levels. 

Additionally, postmortem examinations were performed; lung and liver tissue specimens were 

collected for histopathological analysis. The results of the biochemical tests revealed a significant 

increase in Alanine aminotransferase (ALT), Aspartate aminotransferase (AST) and alpha-

fetoprotein levels. Histopathological examination of the lung tissues showed a gradual initiation of 

mild hyperplastic proliferation in the bronchiolar epithelia at both half (50 mg/kg bw) and full (100 

mg/kg bw) doses of B[a] P, with more pronounced changes observed in the full-dose groups at 6 and 

9 months. At 9 months of full-dose treatment, a well-defined circumscribed tumor mass was 

detected. In the liver, cellular changes were observed at 3 months for both half and full doses of 

B[a]P, progressing to malignant changes at 6 months and ultimately leading to the development of 

hepatocellular adenocarcinoma at 9 months. 
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Introduction 

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

aromatic hydrocarbon (PAH) that has gained 

considerable attention due to it is ubiquitous in the 

environment with potent carcinogenic properties. It 

is a well-known environmental pollutant found in 

various sources, including combustion processes, 

industrial emissions, and tobacco smoke [1].B[a] P is 

primarily adsorbed to particulate matter in the 

environment, and it’s widespread in air, soil, water, 

and food [2]. 

The carcinogenicity of B[a] P has been 

extensively studied and established. It is 

metabolically activated by cytochrome P450 

enzymes, forming reactive intermediate metabolites 

that can bind to DNA, leading to the formation of 

DNA adducts [1, 3]. These adducts can induce 

genetic mutations and disrupt normal cellular 

processes, ultimately contributing to the 

development of cancer [4]. 

Numerous epidemiological and experimental 

studies have provided evidence for the carcinogenic 

potential of B[a] P [5].Occupational exposure to B[a] 

P has been associated with increased risks cancers, 

such as lung cancer in exposed individuals 

[6].Animal studies have further confirmed the 

carcinogenic effects of B[a] P, demonstrating the 

development of tumors in various organs, including 

the lung [7] and liver [8]. 

In recent years, research efforts have focused on 

understanding the mechanisms underlying B[a] P-

induced carcinogenesis and identifying strategies to 

mitigate its adverse effects. Advances in molecular 

biology and toxicology have facilitated the 

elucidation of key signaling pathways and molecular 

targets involved in B[a]P toxicity and 

carcinogenicity. Additionally, the development of 

novel techniques, such as high-throughput genomics 

and proteomics, has enabled researchers to explore 

the comprehensive impact of B[a] P exposure on 
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cellular processes and identify potential biomarkers 

of exposure and early disease detection [9]. 

Material and Methods 

Ethical approval 

Ethical approval for this study was obtained 

from Bioethics Committee of the Biotechnology 

Research Centre, with approval number BEC-BTRC 

10-2019 

Chemicals 

Benzo [a] pyrene (B[a] P) in the form of a pale-

yellow solid crystal was obtained from Sigma 

Company (Germany). Maize oil was used as the 

solvent for B[a] P (Immtenan company). 

Experimental animals 

Ninety mature male  mice, aged between 1 and 

1.5 months, Their weight from 40 to 45 gm., 

obtained from National Cancer Institute (of Egypt) 

and housed in galvanized in a controlled 

environment for two weeks prior to the start of the 

study. They were provided with standard feed and 

had access to freshwater. 

Experimental design 

The mice were divided into three groups, with 

30 mice in each group.Group 1 served as control 

negative group and received intraperitoneal (I/P) 

injections of maize oil only. Group 2 received a 

single I/P injection of B[a] P at a dosage of 50 mg/kg 

bw, and Group 3 received a single I/P injection of 

B[a] P at a dosage of 100 mg/kg bw [10]. 

Throughout the study, all groups were closely 

monitored. At three-months intervals, 10 mice from 

each group were euthanized. Blood samples were 

collected from the orbital plexus without the use of 

anticoagulants, and serum was separated for 

subsequent biochemical tests. 

Postmortem examinations were conducted 

meticulously, and tissue specimens from the lung 

and liver were collected from each animal for 

histopathological examination. 

Biochemical studies 

The separated serum samples were used for 

estimation of Alanine aminotransferase (ALT) and 

Aspartate aminotransferase (AST) [11] and tumor 

marker α-fetoprotein [12]. 

Histopathological studies 

Representative tissue specimens from lung and 

liver were selected from each euthanized mouse and 

fixed in 10% neutral buffered formalin solution for 

at least 24 hours. Tissue specimens were routinely 

processed, paraffin embedded, sectioned at 4-6-

micron thickness then stained with  Hematoxylin and 

Eosin, PAS stain (for glycogen), and Prussian blue 

stain (for detection of hemosiderin pigment) [13]. 

Scoring system for pathological lesions 

The lesion scoring for pathological lesions were 

done [14].Five random optical areas were checked 

and figured then mean of the five fields was 

recorded[14].Mean for 3 tissues ±standard error 

(SEM) was detected. Normal histological structure 

was given grade 0 in all organs. 

Statistical analysis 

The obtained data were analyzed by using SPSS 

14. [15]. 

Results 

Biochemical parameters 

The impact of intraperitoneal (I/P) injection of 

B[a] P on various biochemical parameters in mice is 

summarized in Tables 1, 2, and 3. The activities of 

Aspartate Aminotransferase (AST) and Alanine 

Aminotransferase (ALT) showed a significant 

increase, which was both dose and time-dependent. 

Notably, the levels of alpha-fetoprotein were 

consistently elevated throughout the entire duration 

of the experiment, particularly in the group receiving 

the higher dose of B[a] P. There are significance 

differences (P<0.05) between means having different 

letter in the same period (month  ( . AST in Control 

no changes, while half dose showed elevation in 

AST by minimal changes3-6 months but the marked 

elevation was in 9 month. Full dose revealed the 

marked deviation started from 6 month to 9 month 

(Table 1). There are significance differences 

(P<0.05) between means having different letter in 

the same period (month). AlT Control showed no 

changes, while half dose revealed gradual elevation 

from 3-9 month, also in full dose marked deviation 

than half dose from 3-9 month (Table 2).There are 

significance differences (P<0.05) between means 

having different letter in the same period (month).α 

Feto protein in control no changes, while increased 

gradually in half and full dose throughout the period 

of experiment(Table 3). 

Histopathological studies 

Lung findings in mice exposed to a half-dose of B[a] 

P 

Macroscopic findings 

At 3 months, slight congestion was observed in 

the lungs. By the 6-month, the lungs exhibited a 

marbled appearance, and at 9 months, greyish 

whitish spots were observed on lung surface. 

Microscopic findings 

Lung of control animals revealed normal histological 

structure. (Fig. 1a) 

At 3 months of treatment, the pulmonary blood 

vessels were widely dilated and engorged with 

blood; mild hyperplastic proliferation of the 

bronchiolar epithelium towards the bronchiolar 
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lumina .Emphysema in some pulmonary alveoli 

meanwhile others were atlectatic airless 

alveoli.Thickened interalveolar septa was also 

observed (Fig. 1 b). Meanwhile at 6 months of 

treatment, multi focal variable sized areas of 

hemorrhage were detected in the pulmonary 

parenchyma in many instances, the alveolar lumina 

contained cellular exudate composed principally of 

RBCs.There was hyperplastic proliferation of the 

bronchiolar epithelium. At the vicinity of some 

pulmonary bronchioles there were clusters of small 

round cells which showed vesicular nuclei with 

coarsely stippled chromatin (Fig. 1c).Sometimes 

numerous mitotic figures were evident in these cells. 

Perivascular edema and fragmentation of muscular 

layer of one of the pulmonary blood vessels were 

detected. 

At 9 months of treatment, there was hyperplasia 

of the bronchiolar epithelium and form frond like 

projections toward the bronchiolar lumina (Fig. 1d). 

Sometimes the bronchiolar epithelium disrupt the 

basement membrane and invade the pulmonary 

parenchyma forming solid masses and or acinar like 

structure (Fig. 1e), the proliferated bronchiolar 

epithelium showed some criteria of malignancy 

represented by mild to moderate cellular atypia and 

nuclear pleomorphism. 

In one case, the proliferated bronchiolar 

epithelium was detected in the lumen of the adjacent 

alveoli. In few instances the proliferated bronchiolar 

epithelium appeared to be dispersed individually in 

the pulmonary parenchyma and sometimes 

exhibiting mitotic activities moreover large 

macrophage and plasma cells were seen infiltrated in 

the pulmonary parenchyma (Fig. 1f). 

Lung findings in mice exposed to the full dose of 

B[a] P 

Macroscopic findings 

At 3 months of treatment, the lungs exhibited 

moderate enlargement and congestion. Greyish foci 

were observed on the lung surface at 6 months.In 

one case at 9 months, a nodule was found at the 

periphery of a lung lobule. (Fig. 4A) 

Microscopic findings 

Lung of control animal showed normal histological 

structure. 

At 3 months of treatment with the full dose, in 

addition to the previously mentioned changes, there 

were multifocal small areas of hemorrhage in the 

pulmonary parenchyma and thickened interalveolar 

septa. Focal hyperplastic proliferation of small round 

cells, uniform in size with coarsely stippled 

chromatin, was observed adjacent to one of the 

pulmonary blood vessels (Fig. 2b). 

At 6 months of treatment, diffuse hemorrhage 

was observed in the pulmonary parenchyma. Focal 

aggregations of cells were found around the 

pulmonary bronchioles (peribronchiolar) or 

surrounding pulmonary blood vessels. Large 

macrophages or multinucleated syncytial giant cells 

containing golden yellow hemosiderin pigment were 

dispersed in the pulmonary tissue (Fig.  2c). The 

presence of hemosiderin pigment was confirmed 

using Prussian blue stain, which stained the pigment 

blue (Fig. 2d) 

In the group treated for 9 months, the 

aforementioned changes were observed, along with a 

well-defined tumor mass originating primarily from 

the proliferated bronchiolar epithelium at the 

periphery of a pulmonary lobule. The tumor 

consisted of proliferated bronchiolar epithelium 

arranged in acinar patterns, irregular solid masses, 

and sheets (Fig.2 e,f).The proliferated cells exhibited 

various malignant characteristics, such as cellular 

and nuclear atypia, numerous mitotic figures, and an 

ill-defined stroma.Some tumor cells showed signs of 

necrosis with karyolysis of the nuclei. Moreover, 

solid masses of neoplastic cells infiltrated the lumen 

of adjacent bronchioles, the pulmonary parenchyma, 

at the vicinity of some pulmonary blood vessels. 

Liver of mice intoxicated with half dose of B[a] P 

Macroscopic findings 

Liver showed mild congestion and enlargement 

at 3 months, meanwhile at 6 months liver was 

enlarged and have par boiled surface and round 

borders. At 9 months diffuse pin headed spots on the 

liver surface was detected.  

Microscopic findings 

Control mice showed nearly normal histological 

structure (Fig 3a) 

At 3 months of treatment, the hepatic blood 

vessels were widely dilated and engorged with 

blood, the hepatic tissue exhibited focal zones of 

hepatocellular coagulation necrosis manifested by 

circumscribed deeply eosinophilic homogenous 

areas, moreover the adjacent hepatic tissue showed 

individual cell necrosis (Fig. 3b).There was focal 

aggregation of mononuclear cells, Kuppfer cell 

proliferation were evident in many instances. 

 At 6 months of treatment, there was focal 

hepatocellular necrosis where the necrotic foci were 

invaded by mononuclear cells.The majority of the 

hepatic cells revealed numerous mitotic figures, 

multiple nuclei and increased nuclear cytoplasmic 

ratio few hepatic cells are arranged in an adenoid 

pattern (Fig. 3c). 

At 9 months of treatment, in addition to the 

previously mentioned changes there was focal 

perivascular aggregation of small round cells, 

mitotic figures were clearly detected where the 

mitotic index were 4-6 per high power field.Mild to 

moderate anisocytosis and anisokayosis were 
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evident.The hepatocytes were polygonal in shape, 

also there were foci of hepatocellular alteration 

represented by hypertrophied hepatocytes with        

extremely enlarged nuclei with multiple nucleoli 

(Fig. 3d). Formation of newly formed bile ductules 

and infiltration of mononuclear cells in the portal 

area (Fig. 3e). 

Liver findings in mice exposed to the full dose of B[a]P 

Macroscopic findings 

At 6 months, the liver showed enlargement with 

the appearance of white spots dispersed all over its 

surface. In the group treated for 9 months, when the 

peritoneum was opened, transparent clear fluid oozed 

out.The liver was congested and there was foci of 

depression and others of elevations. (Fig. 4B) 

Microscopic findings 

Control mice revealed nearly normal histological 

structure (Fig. 5a) 

At 3 months of treatment, the hepatic tissue 

exhibited multiple foci of hepatocellular alterations 

in the parenchyma. These altered foci were 

characterized by hypertrophied hepatocytes with 

enlarged nuclei and strong glycogen accumulation, 

which was evidenced by clearance of the cytoplasm 

(Fig. 5b).Glycogen accumulation was confirmed 

using PAS stain, which stained it scarlet red (Fig. 

5c).Mitotic figures were observed in many 

instances.Mild cellular and/or nuclear atypia were 

observed in some cases. 

At 6 months of treatment, there was disorganization of 

the hepatic cords with individualization of the hepatic 

cells. Acinar orientation of the hepatic cells were evident 

in many instances (Fig. 5d) and or orientation in small 

clusters of hepatocytes or syncytial like strucutres.The 

hepatocytes appeared hypertrophied with extremely 

enlarged nuclei with marginated nuclear chromatin (Fig.  

5e), sometimes intracytoplasmic microvacuoles were 

observed in the proliferated hepatocytes(Fig.  6a).There 

were numerous foci of proliferated biliary epithelium 

appeared in the hepatic parenchyma in-between 

hepatocytes. In many instances centrilobular necrosis were 

detected in the hepatic tissue.  

At 9 months of treatment, in addition to the 

previously mentioned changes the hepatic tissue 

revealed hepatocellular carcinoma which consisted 

of neoplastic cells which extremely large in size and 

containing large fat globules with peripherally 

located hyperchromatic nuclei (Fig.  6b) in addition 

to marked proliferation of biliary epithelium in 

between the neoplastic cells was also detected. 

The neoplastic cells were oriented at different 

configuration trabecular in which it composed of 2 or 3 

cell thickness or adenoid pattern as well as syncytial solid 

structures and separated by dilated hepatic sinusoids, 

sometimes hepatocytes coalesced and form multinucleated 

syncytial giant cell (Fig. 6c).Sometimes the acini appeared 

dilated and containing remnant of necrotic hepatocytes, the 

neoplastic cells were pleomorphic in shape having ill 

distinct boundaries the nuclei were enlarged with marked 

pleomorphism and hyperchromatism (Fig. 6d). 

Scoring lesion 

Criteria of malignancy in hepatocytes (mitotic 

figures, cytology, nuclear atypia) changed also 

according time and dose. 

Discussion 

Benzo[a]pyrene is a widely distributed 

environmental pollutant and a potent carcinogen 

belonging to the polycyclic aromatic hydrocarbon 

group. It is generated during the combustion of 

organic materials. In this study, we investigated the 

effects of B[a]P on the lung and liver tissues of male 

Swiss albino mice. 

Our findings demonstrate that the histological 

and biochemical changes in the lung tissue were 

dose- and time-dependent following treatment with 

either a half or full dose of B[a]P.These changes 

gradually progressed in relation to the dose and 

duration of exposure. Our results are consistent with 

a previous study [16], which reported that increasing 

B[a] P concentration and exposure duration led to 

elevated DNA adduct levels. 

In the mice exposed to B[a] P, whether at a half or 

full dose, significant changes were observed in the lung 

tissue. These changes included hemorrhage, thickening 

of the interalveolar septae, and infiltration of 

mononuclear cells in the pulmonary parenchyma. B[a]P 

induces lung toxicity and inflammation in mice [7]. 

One notable finding in our study was the hyperplasia 

and proliferation of bronchiolar epithelium, which 

progressed from bronchiolar hyperplasia to frond-like 

projections in the half-dose group and eventually to 

acinar formation and adenocarcinoma in the full-dose 

group. 

The gradual progression of bronchiolar epithelial 

metaplasia towards cancer formation suggests a 

sequential series of events initiated by bronchiolar 

hyperplasia. This finding is consistent with the 

hypothesis proposed that multiple hyperplastic foci of 

bronchi and alveoli develop during the early phase of 

carcinogen exposure. Many of these foci do not 

progress further into adenomas, but after several 

months, some may develop into adenocarcinomas [17]. 

Furthermore, ciliated bronchiolar epithelial cells 

are highly sensitive to toxicants, and the high 

concentration of metabolizing enzymes in Clara cells 

makes them particularly susceptible to inhaled or 

ingested chemicals that require metabolic activation 

to become cytotoxic [18].On the other hand, 

expansion of the bronchiolar stem cell pool was 

associated with continuous proliferation of 

neuroepithelial bodies associated with Clara cells. 

This ultimately led to bronchiolar hyperplasia, and 
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with further progression, from hyperplasia into solid 

tumors [19]. 

Overall, our findings highlight the detrimental 

effects of B[a]P on lung tissue, including 

inflammation, hyperplasia of bronchiolar epithelium, 

and the potential development of 

adenocarcinoma.These results contribute to our 

understanding of the mechanisms involved in B[a] 

P-induced lung carcinogenesis. 

The hyperplastic bronchiolar epithelial cells, 

particularly in mice treated with a full dose of B[a]P, 

invade the adjacent pulmonary tissue. A study on a 

mouse model of human lung cancer, suggested 

invasiveness as a characteristic feature [17].The 

invasion of neoplastic cells is associated with the 

release of proteolytic enzymes during local invasion 

[20]. 

In addition, B[a]P has genotoxic effects through 

metabolic reprogramming, resulting in decreased 

cell respiration and increased lactate production, 

leading to mitochondrial dysfunction (known as the 

Warburg effect) [4]. In our study, one of the most 

prominent lesions observed in the group exposed to 

a full dose of B[a]P for 9 months was the appearance 

of a circumscribed tumor mass. The carcinogenic 

process is considered a complex multifactorial 

process [21]. 

B[a] P is a potent lung carcinogen. During its 

metabolism, B[a] P produces intermediate 

metabolites called 7,8-diol 9,10-epoxides (BPDE), 

which are considered ultimate carcinogens that form 

mutagenic adducts with DNA.Reactive oxygen 

species and free radicals generated during B[a] P 

metabolism have been suggested to be involved in 

the initiation and progression of carcinogenesis [22].  

Furthermore, B[a]P intoxication resulted in lipid 

peroxidation (LPO) and a decrease in antioxidant 

enzymes, inducing oxidative stress in the process of 

lung cancer formation [23].The high concentration 

of LPO products plays a significant role in the early 

stages of tumor formation [24]. 

Moving on to the liver, the histopathological and 

biochemical changes observed in the liver of mice 

intoxicated with B[a]P were found to be both time- 

and dose-dependent. The biochemical analysis, in 

our study, revealed a significant increase in the 

concentration of alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST).The toxicity of 

B[a] P induce liver dys-function that mediated by 

liver damage and oxidative stress [8, 25]. 

The increased production of reactive oxygen 

species (ROS) is a major contributor to hepatic 

changes caused by B[a] P [1].The membranes are 

particularly susceptible to the effects of ROS, as 

their peroxidation of unsaturated fatty acids in 

biological membranes results in diminished fluidity 

and distortions. 

The direct damage of reactive oxygen species 

(ROS) on plasma membranes leads to an increase in 

the permeability of hepatocytes and the subsequent 

release of enzymes into the bloodstream [26].In our 

study, we observed greater activities of enzymes 

associated with liver dysfunction, indicating damage 

to hepatocytes and increased membrane 

permeability. 

Some enzymatic abnormalities are considered 

markers for cancer, either through the expression of 

fetal forms of enzymes or ectopic production of 

enzymes [27].Our results align with the majority of 

hepatocellular carcinomas overexpress alpha-

fetoprotein (AFP) production [28].AFP is a 

glycoprotein derived from embryonic tissue, and its 

levels are high in fetal serum but gradually decrease 

after birth.In adults, hepatocytes do not normally 

synthesize AFP, but cancer cells can regain the 

ability to produce it [29]. 

Regarding the histopathological findings, one of 

the prominent lesions observed at 3 months was a 

focal zone of hepatocellular necrosis.The 

hepatotoxicity of B[a]P was attributed to apoptosis, 

autophagy, and pyroptosis.Autophagy is a stress 

response that occurs when cells resist unfavorable 

external stimuli [30].Another lesion observed in the  

6-month group was the disorganization of 

hepatocytes.Excessive autophagy impairs cell 

morphology and function, leading to autophagic cell 

death [31]. 

The presence of glycogen vacuoles in 

hepatocytes is also noteworthy. B[a]P can induce 

liver dysfunction by increasing the appearance of 

vesicles containing degraded cellular material 

[32].Mononuclear cell infiltrations were a 

characteristic finding observed in all our groups, 

which attributed this to pyroptosis, a type of 

programmed cell death, depending on Caspase-1 

activation [33].This leads to the release of a large 

number of pro-inflammatory cytokines such as IL-

1B and IL-18, thereby inducing chronic 

inflammation.B[a]P toxicity also results in increased 

levels of nitric oxide (NO), which is one of the ROS 

and acts as a pro-inflammatory mediator and induces 

signaling for pyroptotic cell death [34, 35].Another 

mechanism for apoptosis is the induction of the aryl 

hydrocarbon hydrolase (AHH) enzyme system, 

which includes CYP1A1 and CYP1A2 [36]. 

The aromatic hydrocarbon receptor (AhR) plays 

a crucial role in regulating cell cycle and apoptosis, 

as well as other types of cellular damage. 

At 3 months, preneoplastic lesions were 

observed, characterized by foci of hepatocellular 

alteration with enlarged nuclei and intense glycogen 

accumulation. These altered foci are considered 

precursors for hepatocellular carcinoma [37]. 

Nuclear enlargement and an increased nuclear-

cytoplasmic ratio reflect the initiation of 
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carcinogenesis and are associated with changes in 

DNA [38].The strong glycogen accumulation in the 

area of hepatocellular alteration can be attributed to 

metabolic disturbance [39]. 

Chemical carcinogens have the ability to induce 

both benign and malignant tumors [40]. In the group 

exposed to a full dose of B[a] P for 9 months, the 

most pronounced finding was the appearance of 

hepatocellular carcinoma. B[a]P has been classified 

as a Group 1 carcinogen by the International Agency 

for Research on Cancer (2014). Once B[a]P enters 

the cell, it undergoes metabolic activation by the 

cytochrome P450-dependent monooxygenase 

system, resulting in the formation of reactive 

metabolites that covalently bind to DNA, forming 

carcinogenic intermediate metabolites [41].B[a] P 

metabolism induces the production of reactive 

oxygen species, which can damage cellular 

macromolecules [42]. 

Overall, the findings from the present study 

provide insights into the dose- and time-dependent 

effects of B[a] P on lung and liver tissues.The 

observed histopathological and biochemical changes 

support the role of B[a]P as a potent carcinogen in 

the development of lung and liver cancers. 

Conclusion 

In conclusion, benzo[a]pyrene (B[a] P) as an 

environmental pollutant has the potential to induce 

tumor formation even at low levels of exposure. 

Therefore, it is important to control exposure to this 

pollutant from both natural and anthropogenic 

sources, for the well-being of both animals and 

humans. 
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TABLE 1. Aspartate aminotransferase (Mean ± Standard deviation) 

 
3 Months 6 Months 9 Months 

Control 10.7 ±1.5a 12.3 ±2.5b 14.0 ±3.6a 

Half dose 24.7 ±4.5b 29.0 ±3.6b 36.7 ±3.5c 

Full dose 29.0  ±3.6b 36.3 ±3.2b 45.0 ±3.0c 

 

TABLE 2. Alanine aminotransferase (Mean ± Standard deviation) 

 
3 Months 6 Months 9 Months 

Control 10.7 ±4.2 a 10.0 ±3.6 a 15.3 ±1.5 a 

Half dose 15.3 ±1.5 ab 18.0 ±4.0 b 21.7 ±3.5 a 

Full dose 18.3 ±1.5 b 20.7 ±4.0 b 31.0 ±4.6 b 

 

TABLE 3  α-feto protein (Mean ± Standard deviation)                                                   

 
3 Months 6 Months 9 Months 

Control 12.0 ±2.0  a 13.0 ±2.6 a 13.3 ±1.5 a 

Half dose  24.0 ±5.3 b 43.7 ±8.1 b 60.0 ±5.0  b 

Full dose 32.7 ±2.1 c 53.3  ±10.4 b 74.7 ±4.5 b 
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Fig. 1. (1a) Lung, mouse control revealing normal histological structure Lung, mouse intoxicated with benzo [a] 

pyerene At 3 months half dose (Fig 1 b) showing hyperplasia of the bronchiolar epithelium, emphysema in 

some pulmonary alveoli, other alveoli appeared atelectatic (H&E X200),At 6 months halfdose (Fig 1 c) 

showing hyperplasia of small round cells at the vicinity of pulmonary bronchioles (H&E X400),At 9 months 

halfdose (Fig 1 d)  the bronchiolar epithelium revealing hyperplasia forming fronds like projection towards 

the lumen, At 9 months halfdose (Fig 1 e) one of the pulmonary bronchiole revealing a solid mass of 

proliferated cells in the pulmonary parenchyma more over proliferated bronchiolar epithelium in the lumen 

of the adjacent alveoli (H&E X400), At 9 months halfdose (Fig 1 f) proliferated bronchiolar epithelium in the 

lumen of the pulmonary alveoli in addition to macrophages and plasma cells also appeared in the lumen of 

the alveoli (H&E X200). 

 

 

 
 

Fig.  2. (2a) lung mouse control showing normal histological structure, lung mouse intoxicated with benzo[a] 

pyerene At 3 months full dose (Fig 2 b) revealing widely dilated and engorged pulmonary blood vessels and 

perivascular hyperplasia of  small rounded cells (H&E X400), At 6 months full dose (Fig 2 c) The pulmonary 

tissue demonstrating large macrophages and or multi nucleated syncytial giant cell dispersed in the 

pulmonary parenchyma containing golden yellow hemosiderin pigment (H&E X400),At 6 months full 

dose(Fig 2 d) demonstrating positive reaction of hemosiderin pigment stained blue with prussian blue 

pigment ( Prussian blue X400), At 9 months full dose (Fig 2 e) The pulmonary tissue illustrating 

circumscribed tumor mass composed of proliferated bronchiolar epithelium (H&E X200).(Fig. 2f) higher 

magnification of the previous picture (tumor mass) (H&E X400) 
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Fig. 3. (3a) liver of control mouse showing normal histological structure . Liver mouse intoxicated with benzo[a] 

pyerene At 3 months half dose (Fig. 3 b) the hepatic tissue showing focal circumscribed area of hepatocellular 

necrosis, some hepatocytes showing individual cell necrosis and frequent mitosis is also evident (H&E X400), At 6 

months half dose (Fig. 3 c) the hepatic tissue showing  circumscribed focal area of hepatocellular necrosis, which 

invaded by mononuclear cells, the adjacent hepatocytes showing numerous mitotic figures  (H&E X200),At 9 

months half dose (Fig. 3 d) The hepatic tissue illustrated hypertrophied hepatocytes, the hepatocytes are polygonal 

in shape together with multiple foci of hepatocellular alteration, mitotic figures are evident  (H&E X400), At 9 

months half dose (Fig. 3e) The portal area showed newly formed bile ductules which  infiltrated by mononuclear 

cells (H&E X200). 

 
 
 
 

 
 
 

 
 
 

 
 
 
 

Fig.4.  (4A) lung of a mouse intoxicated with benzo[a] pyerene at 9 months full dose showing nodule on the lung 

surface (Fig. 4B) liver of a mouse intoxicated with benzo[a] pyerene at 9 months full dose  revealing foci of 

depression and others of elevation.  
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Fig. 5. (Fig 5a)  Liver of control mouse showing nearly normal histological structure (Fig. 4a) liver mouse 

intoxicated with benzo [a] pyerene At 3 months full dose (Fig. 4 b) the hepatic tissue revealing multiple foci of 

hepatocellular alteration, some hepatocytes appeared hypertrophied and exhibited glycogen accumulation 

manifested by clearance of the cytoplasm (H&E X400), At 3 months full dose (Fig 4 c) hypertrophied 

hepatocytes by PAS stain  showing  glycogen accumulation inside the hepatocytes which stained  scarlet red 

color (PAS  X400), At 6 months full dose (Fig. 4d) the hepatic tissue revealing  proliferated hepatocytes  

arranged in acinar pattern, moderate cellular and nuclear atypia, numerous mitotic figures the mitotic index 

was 4-6 per high power field are evident in the proliferated cells (H&E X400) , At 9 months full dose(Fig. 4e)  

the hypertrophied hepatocytes with extremely enlarged nuclei, marginated nuclear chromatin (H&E X400).   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. (6a) liver of mouse intoxicated with benzo [a] pyerene full dose at (6 months) showing   interacytoplasmic 

micro vacuoles in the proliferated hepatocytes  (H&E X400)( at 9 months) (Fig. 6b)  

The hepatic tissue illustrated   hepatocellular carcinoma with multiple fat droplets in the cytoplasm of 

 the neoplastic cells (H&E X200). (Fig. 6c)  Hepatocellular carcinoma in which the neoplastic cells were 

arranged at variable configuration trabecular or acinar pattern  and seprated by dilated hepatic sinusoids, 

sometimes hepatocytes coalesed and form multinucleatd syncytial giant cell (H&E X200) (Fig. 6d) The 

hepatocellular carcinoma  cells are polygonal in shape with pleomorphic nuclei and multiple nucleoli (H&E 

X400) 
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 الفئران المسممة ببلبنزو]أ[بيريه:  التغيرات المرضية فى الرئة والكبذ فى ركور

 دراسة تعتمذ على الزمه
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 الخلاصة :

هددت ه هددلد است الددد اسددا ت الددد اسرضيددفا  اسئف دديد  ددد اسففددد  اسمعددت سددتا اسختددفام اسئ ف ددد س ف دد     ر خددد  دد  

تدم  تم تقسيم تس ي   أ ا ن     اسا ثدث    ئع د  م   ئع دد  د بلد لد عيد  .  ا  تا  رفا    ر خد اسعنز ]أ[بيفي 

     ئع دد تدم حقن د  ب ف دد  اسعنز ]أ[بيدفي  اس سدم  د م  ز    ضم/كضدم  د  00حقد    ئع دد ب ف دد  حيدتر ادت ه  

 شفر   تفام     أش ف. تم ذبح 9 أجفيه اسر فبد سئتر  اسعنز ]أ[بيفي    ضم/كضم     زم اس سم    100 احتر ات ه  

 أش ف. تم جئع  يند   اسئلدل رجدفالا ابارعد  ا  اسعيعكيئي فيدد ) اد فد اسمعدت   سدرعي   9    6  3كل   ئع د  نت 

بف تي  أسخ (. تم اجفالا  حعصد    د  ب دت اسع د ر   تدم جئدع  يند    د  أنسد د اسففدد  اسمعدت سرح ي  د  اسنسدي د اسئف دد. 

 ن ا ددد أ ددي   (ALT) عيددد  جددعت زيدد تر  ددد  سددرعي   انددزيم ن ا ددد أ ددي  ا بنددي أا ددف  نردد فخ ابارعدد  ا  اسميئعحي

ا  خدف  اسرنسدخ  دد  (AST) ا لدع  ت    اسعدف تي  اس نيندد أسخد . أا دف اسخحدس اسنسدي د اسئف دد  نسد د اسففدد تمد ثفت

أشد ف  د   9ب دت  أشد ف. 9  6ا   ر اسقليع     ع حت   تضيفا  أكثدف   دعحت   دد   ئع د   اس ف دد اسم   دد  ندت 

أشدد ف سمددل  دد   3اس ددثب ب س ف ددد اسم   ددد  تددم اكرشدد   كر ددد   ا  حددتتر جيددتتا  ددد اسمعددت  سعح دده تضيددفا  ا عيددد  نددت 

أشد ف  تديتف  دد اسن  يدد اسدا تلدع   6   ترلع  اسا تضيدفا  اعيثدد  ندت  اس ف    اسنلخيد  اسم   د    اسعنز ]أ[بيفي 

 .أش ف 9لف  م غتف ا عف كعتف  نت 

 سعنز ]أ[بيفي   اسففد  اسمعت  اسرشفيح اسئف د.ا الكلمبت الذالة:


