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ABSTRACT: Polychlorinated biphenyls (PCBs) are persistent environmental contaminants. Human and 
animals are exposed to PCBs via oral ingestion of contaminated food. PCBs were found to induce 
reproductive toxicity, immune suppression, birth defects, cancer and developmental and behavioral changes. 
The aim of the present study was to evaluate the protective role of fennel oil against PCBs toxicity. Forty 
male Sprague-Dawley male rats were divided into four groups including the control group, a group treated 
with PCBs (250 µg/kg b.w) and groups treated with fennel oil (5 mg/kg b.w) alone or in combination with 
PCBs for 15 days. The results indicated that treatment with PCBs resulted in significant increase in Alanine 
transaminase (ALT) and Aspartate transaminase (AST), cholesterol, triglycerides, uric acid, tumor necrosis 
factor alpha (TNFα), lipid peroxidation (LPO), nitric oxide (NO) and carcinoembryonic antigen (CEA), 
whereas it significantly decrease Glutathione peroxidase (GPX) and superoxide dismutase (SOD) activity. 
The histopatholgical examination of the liver, kidney and testis showed sever histological changes. Animals 
treated with fennel oil alone or plus PCBs were comparable to the controls regarding the biochemical 
parameters or the histological picture of liver, kidney and testis. It could be concluded that fennel oil has a 
protective effect against PCBs toxicity and may be used as food supplementation to protect against the 
hazardous effects of PCBs. 
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INTRODUCTION 
 

Polychlorinated biphenyls (PCBs), members of the halogenated aromatic groups, 
are wide-spread persistent environmental toxicants that have been associated, particularly 
during development, with behavioral deficits in both humans and experimental animals 
(Seegal et al., 2002).These substances are highly stable and bioaccumulate and because of 
their stability they have entered the food chain (Berger et al., 2001). Residues are found at 
every level of the food chain and as human beings are placed at the top, it's not surprising 
that significant levels of these compounds have been found in human tissues. Being 
lipophilic and resistant to metabolism, PCBs accumulate and persist in adipose tissue and 
breast milk (Kuriyama et al., 2003). 
 PCBs have been widely used for various industrial applications; in plastic, 
electrical equipments, lubricants, hydraulic system, copying papers and adhesives, and as 
pesticides and flame retardants (kimbrough, 1995). Exposure to these compounds results in 
various harmful effects including reproductive toxicity, immune suppression, birth defects, 
cancer and developmental and behavioral changes (Fadhel et al., 2002). 
 There are 209 congeners of PCBs, possessing a wide spectrum of toxic effects. The 
number and location of chlorine atoms introduced into the biphenyl molecule determine 



Abdel-Wahhab, M. A.; Hassan, A. M.; Nada, S. A.; Hassan, N. S., and El-Kady, A. A. 35

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 1; 2007

the potency and nature of toxicity of each PCB (Robertson and Hansen, 2001). Many 
environmental pollutants including PCBs can cause oxidative damage to biological system. 
They may produce superoxide anion radicals by redox cycling. To counter this problem, 
organisms develop defense strategies such as the generation of antioxidants and 
antioxidant enzymes (Cheung et al., 2002). 
 PCBs may selectively induce cytochrome P450s, which may be the source of 
reactive oxygen species (ROS) or, alternatively, may catalyze the oxidation of a broad 
range of endogenous and exogenous substances including PCBs themselves (Schelezinger 
et al., 2000). It is well known that ROS induce some oxidative damage to biomolecules 
like lipids, RNAs, proteins, amines, DNAs and carbohydrates. Its damage causes aging, 
cancer, and other many diseases (Oktay et al., 2003). Some PCBs and other halogenated 
hydrocarbons produce their biological effects through a receptor-mediated response where 
they bind to the cystosolic aryl hydrocarbons (Ah) receptor followed by changes in gene 
expression (Safe, 1994; Robertson and Hansen, 2001). 
 Many antioxidants compounds, naturally occurring in plant sources, have been 
identified as free radicals or active oxygen scavengers (Duh, 1998; Abdel-Wahhab and 
Aly, 2003). Natural antioxidants can protect the human body from free radicals and retard 
the progress of many chronic diseases as well as lipid oxidative rancidity in foods (Lai et 
al., 2001). Fennel (Foeniculum vulgare) is a plant belonging to the umbelliferae (Apiaceae)
family, known and used by humans since antiquity. It is cultivated in every country 
surrounding the Mediterranean Sea because of its flavor (Muckensturm et al., 1997). 
Fennel is an aromatic edible plant whose seeds are used for savoury formulations, sauces, 
liqueurs, confectionery, etc. (Guilled and Manzanons, 1996). It was proved that the extract 
of fennel is effective for primary dysmenorrheal in 2% concentration (Namavar et al., 
2003). It is used for respiratory tract disorders and indigestion. It is also used to encourage 
milk flow in nursing mothers (Parfitt, 1999). 
 Recently, interest has increased considerably in finding naturally occurring 
antioxidant for use in foods or medicinal material to replace synthetic antioxidants, which 
are being restricted due to their side effects such as carcinogenicity. So, the aim of the 
present study was to investigate PCBs toxicity and to evaluate the protective effect of 
fennel oil as a natural antioxidant. 
 

MATERIALS AND METHODS 

Chemicals 
polychlorinated biphenyl (PCBs) was purchased form Supel Co., Supelco Park, 

Belle Fonte, PA, USA. The chemical composition of PCBs mixture is depicted in Table 1.
Other chemicals were of the highest purity commercially available. Fennel oil was 
purchased from Secam Company, Egypt. 
Experimental Animals 

Ten-week-old, sexually mature male Sprague-Dawley rats weighing 140-150 g 
(purchased from Animal House Colony, Giza, Egypt) were maintained on standard lab diet 
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(Protein: 16.04%; Fat: 3.63%; Fiber: 4.1%, and metabolic energy: 0.012 MJ) and water ad
libitum at the Department of Forensic Medicine and Toxicology, Faculty of Medicine for 
Girls, Al-Azhar University, Naser City, Cairo, Egypt. After an acclimation period of 1 
week, animals were distributed into four groups (10 rats/group) and housed in stainless 
steel cages in a temperature-controlled (23 ± 1 OC) and artificially illuminated (12 hr 
dark/light cycle) room free from any source of chemical contamination. 
 

Table 1. Composition of PCBs mixture 
PCBs components Concentration ug/ml 
2 chlorobiphenyl 100 
3,3`-Dichlorobiphenyl 100 
2,4,5- Trichlorobiphenyl 10 
2,2`,4,4`-Tetrabiphenyl 10 
2,3`,4,5`,6- Pentbiphenyl 10 
2,2`,3,3`,6,6`- Hex biphenyl 10 
2,2`,3,4,5,5`,6- Heptabiphenyl 5 
2,2`,3,3`,4,4`,5,5`- Octabiphenyl 5 
2,2`,3,3`,4,4`,5,5`,6- Novabiphenyl 5 
2,2`,3,3`,4,4`,5,5`,6,6`- Decabiphenyl 5 

Experimental Design 
Animals within different treatment groups were treated for 15 successive days as 

follows: (1) untreated (2) orally treated with PCBs (250 µg/kg b.w.) in corn oil (3) orally 
treated with fennel oil (5mg/kg b.w.); and (4) orally treated with PCBs plus fennel oil. At 
the end of the treatment period, all animals were fasted for 12 hr, and then blood samples 
were collected from the retro-orbital venous plexus under diethyl ether anesthesia. Blood 
samples were left to clot and the sera were separated using cooling centrifugation and 
stored at –20 OC until analysis. The activities of Alanine transaminase (ALT) and 
Aspartate transaminase (AST) were determined according to the method recommended by 
The Committee on Enzymes of the Scandinavian Society for Clinical Chemistry and 
Clinical Physiology (1974). Cholesterol was determined in serum according to Charles and 
Richmond (1974), triglycerides according to Wahlefeld, (1974) and uric acid according to 
Haisman and Muller (1977). Quantitative measurement of carcinoembryonic antigen 
(CEA) in serum was carried out by immunoradiometric assay using kit purchased from 
Diagnostic Products Corporation Co., USA, according to Begent (1984). Quantitative 
determination of tumor necrosis factor alpha (TNF-α) was done by ELISA method 
according to Corti et al. (1992) using kit produced by Diaclone Research Co., France. 
Serum nitrate concentration as a stable end product of nitric oxide (NO) was estimated by 
the Griess reaction after quantitative conversion of nitrate to nitrite by nitrate reductase 
according to Mashage (1995) using R&D system Gmbtt, Germany. 

After blood samples were collected, all animals were killed and the liver tissue of 
each animal was dissected, weighed and homogenized in phosphate buffer (pH 7.4) to give 
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20% w/v homogenate (Lin et al., 1998). This homogenate was centrifuged at 1700 rpm and 
4OC for 10 min and the supernatant was stored at –70 OC to the next day for analysis. This 
supernatant was used for the determination of lipid peroxidation in the liver tissue and it 
was further diluted with phosphate buffer solution to give 2% and 0.5% dilutions for the 
determination of glutathione peroxidase (2%), superoxide dismutase (0.5%) activities in 
the liver tissues. Lipid peroxidation in liver homogenate was estimated by the 
measurement of malondialdehyde (MDA) by spectrophotometeric method (Esterbauger et 
al., 1991) using Oxis ResearchTM Co. kit (USA). The protein content of liver tissue was 
measured by applying the method of Lowry et al. (1951). Glutathione peroxidase activity 
in liver homogenate was determined by spectrophometeric method using reduced 
glutathione and cumene hydroperoxide as substrate using 20ul diluted homogenate by the 
modified method of Paglia and Valentine (1967) using Ransel kit obtained from Randox 
Laboratories Co., UK. Superoxide dismutase activity in the liver was assayed 
spectrophotometerically by red formazan dye reduction procedure (Suttle, 1986) using 50 
ul diluted homogenate using Ransod kit from Raandox Laboratories Co., UK. 

All rats were subjected to post mortem examination, liver, kidney and testes from 
all rats within different groups were removed and fixed in 10% neutral buffered formalin, 
dehydrated in alcohol, cleared in xylol and embedded in paraffin. Four µm thick sections 
were prepared and stained with hematoxilen and Eosin (H&E) for general histological 
investigations and bromophenol blue stain for total protein contents. Further histochemical 
evaluation of total protein content was done using Qwin Leica image processing and 
analysis system (Cambridge, UK). Total protein optical density measurement was done by 
measuring the mean gray of the bromophenol blue reaction. 
 
Statistical analysis 

All data were statistically analyzed using the General Linear Model Procedure of 
the Statistical Analysis System (SAS, 1982). The significance of the differences among 
treatment groups was determined by Waller-Duncan k-ratio (Waller and Duncan, 1969). 
All statements of significance were based on probability of P≤0.05.

RESULTS AND DISCUSSION 
 

The present results indicated that treatment with PCBs alone resulted in a 
significant increase in serum ALT, AST activities, cholesterol, triglycerides and uric acid 
levels, whereas animals treated with fennel oil alone showed a significant decrease in these 
parameters compared to the control group. No significant differences were found in serum 
biochemical parameters between the group treated with PCBs plus fennel oil and the 
control group (Table 2). 
 The effects of different treatments on Tumor necrosis factor alpha (TNF-α), 
Carcinoembryonic antigen (CEA) and Nitric oxide (NO) are depicted in Table 3. 
Treatment with PCBs alone resulted in a significant increase in TNF-α, NO and CEA, 
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whereas animals treated with fennel oil alone were comparable to the control. The 
combined treatment of PCBs and fennel oil succeeded to decrease these parameters 
towards the normal values of the controls, although it could not normalize them. 
 
Table 2. Effects of PCBs and fennel oil on some serum biochemical parameters in rats 

(means ± SE). 
 

Parameters
Group 

ALT 
(IU/L) 

AST 
(IU/L) 

Cholesterol
(mg/dl) 

Triglycerides
(mg/dl) 

Uric acid 
(mg/dl) 

Control 29.4±0.81a 50.2±2.37a 63.2±1.71a 53.8±1.36a 0.502±0.02a

PCBs 82.4±1.91b 97.6±2.68b 87.8±3.87b 81.8±2.82b 0.974±0.29b

Fennel oil 25.6±2.01c 37.6±1.33c 45.6±1.03c 40.4±1.44c 0.374±0.007c

PCBs + F. oil 29.2±2.22a 53.2±1.83a 61.2±1.77a 54.6±1.57a 0.512±0.032a

Within each column, means superscript with the same letter are not significantly 
different (P≤0.05). 

 

Table 3. Effects of PCBs and fennel oil on tumor markers and Nitric Oxide in serum of rats 
(means ± SE). 

 
Parameters

Treatments 

TNF- α
(Pg/ml) 

CEA 
(ng/ml) 

NO 
(µmol/L) 

Control 58.3±2.05a 0.79±0.04a 34.1±1.6a

PCBs 98.7±4.1b 3.11±0.31b 72.1±2.3b

Fennel oil 55.2±3.2a 0.81±0.03a 31.2±2.1a

PCBs + F. oil 65.8±2.3c 1.36±0.04c 42.6±1.8c

Within each column, means superscript with the same letter are not significantly 
different (P≤0.05). 

 

Regarding the effects of different treatments on the oxidant-antioxidant status of 
the liver, it is worthy to mention that treatment with PCBs resulted in a significant increase 
in lipid peroxidation (LPO) accompanied with a significant decrease in both glutathione 
peroxidase (GPX) and superoxide dismutase (SOD). The animals treated with fennel oil 
showed insignificant decrease in LPO and insignificant increase in both GPX and SOD. 
Moreover, the treatment with fennel oil plus PCBs succeeded to restore these parameters 
towards the normal values of the controls although this treatment failed to normalize LPO 
(Table 4). 
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The histological examination of the liver of the control animals or those treated 
with fennel oil alone showed normal hepatocytes and central vein (Fig. 1). Whereas the 
livers of animals treated with PCBs alone showed dilated thick wall portal tract, 
hypertrophy of bile ducts, perivascular necrosis and mononuclear cellular infiltration. 
Small fatty droplets were also presented and scattered in all over the tissue. The nuclei 
showed pleomorphism and revealed mitotic changes (Fig. 2). The livers of animals treated 
with PCBs plus fennel oil showed normal hepatocytes compared to the controls (Fig. 3). 
 
Table 4. Effects of PCBs and fennel oil on the oxidant-antioxidant status of liver of rats 

(means ± SE). 
 

Parameters 

Treatments 

LPO 
(µmol/mg) 

GPX 
(µg/mg) 

SOD 
(µg/mg) 

Control 33.6±1.7a 0.89±0.01a 105.7±2.8a

PCBs 63.8±1.7b 0.38±0.02b 72.4±3.7b

Fennel oil 32.4±1.6a 0.91±0.01a 108.2±2.3a

PCBs + F. oil 43.7±1.8c 0.88±0.02a 102.4±3.1a

Within each column, means superscript with the same letter are not significantly different 
(P≤0.05). 

 

Figure 1. A section of rat liver of the control animals shows normal hepatocytes 
(arrows) and central vein (CV). (H&E, X300). 
 

CV 
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Figure 2. A section of rat liver treated with PCBs alone shows dilated thick wall portal 
tract (P), hypertrophy of bile ducts (D), perivascular necrosis (N) and mononuclear 
cellular infiltration (I). Small fatty droplets (F) also present and scattered in all over the 
tissue. The nuclei show pleomorphism and reveal mitotic changes (M). (H&E, X 300). 

 

Figure 3. A section of rat liver treated with PCBs plus fennel oil shows improvement of 
hepatocytes compared to the control. (H&E, X 300). 
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Figure 4 shows a normal structure of proximal convoluted tubules and glomeruli in 
kidney tissue of control or fennel oil treated rats. Treatment with PCBs alone resulted in 
focal necrosis in the kidney tubules with interstional mononuclear cellular infiltration. 
Moreover, hyaline casts and epithelial cellular debris in the lumen were also found in the 
kidney of rats treated with PCBs alone (Fig. 5). The kidney of animals received the 
combined treatment of PCBs plus fennel oil showed normal tubules and glomeruli (Fig. 6). 

The histological examination of testes of control rats or those treated with fennel oil 
alone showed normal structure of spermatocytes and spermatids (Fig. 7), whereas the testes 
of animals treated with PCBs alone showed destruction in all stages of spermatogenic cells. 
Some pyknotic spermatogenic cells appeared intermixed with inflammatory and dead cells 
(Fig. 8). The testes of animals treated with the fennel oil plus PCBs showed normal tubules 
revealed the normal spermatocytes (Fig. 9). 

The optical density of total protein contents was performed using image analysis 
system and histochemical investigation of protein reaction in liver, kidney and testes of rats 
within different treatment groups showed a significant increase or decrease in total protein 
(Table 5)  
 According to WHO, PCBs were reported as contaminants in almost every 
component of the global ecosystems (Berger et al., 2001). Wide ranges of different patterns 
of toxicity have been described among some of 209 PCB congeners. The patterns of 
chlorine substitutions in the two phenyl rings give each PCB congener its characteristic 
toxicological and biological properties (Safe, 1994). 
 In the current study, PCBs mixture was used to induce toxicity. Its components are 
shown in Table 1. From previous studies, it was noted that each PCB congener has specific 
toxic criteria, as PCB (3) is a protype of lower halogenated biphenyl and is rapidly 
metabolized (Maclellan et al., 1994). PCB (38) metabolite is a potent inducer of oxidative 
DNA damage (Oakley et al., 1996). PCB (28) is present in human breast milk at a much 
higher concentration (Hansen, 1999). PCB (77) is an aryl hydrocarbon receptor (AhR) 
agonist (Parkinson et al., 1983), and PCB (153) is a higher chlorinated biphenyl that 
induces cytochrome P450 (Twaroski et al., 2001). 
 In the present study, as shown in Table 2, there was a significant increase in serum 
biochemical parameters (ALT and AST) activities, cholesterol level, triglyceride and uric 
acid in rats received PCBs mixture alone compared to the other groups. These elevations 
indicated necrosis or hepatocellular injury, which were normalized in rats received PCBs 
and fennel oil. Our results are in a good agreement with Twaroski et al. (2001) who stated 
that PCBs mixture can diminish liver activity in rats and supported the hypothesis that the 
rodent liver is a target of PCBs toxicity (Robertson and Hansen, 2001). 
 In spite of numerous studies made on PCBs, their mechanism of toxicity still 
unknown. Porte et al. (2001) proposed that chemical determination of environmental 
contaminants should be integrated with the use of biomarkers of exposure and/or their 
effects to provide a better picture of the stress situation. So, in the present work, 
measurements of certain biomarkers such as TNF-α, CEA and NO as indicators for the 
environmental hazards of PCBs were performed. 
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Figure 4. A section of rat kidney of the control shows the normal structure of proximal 
convoluted tubules (T) and glomeruli (G). (H&E, X 300). 

Figure 5. A section of rat kidney received PCBs alone show necrosis (N) in the kidney 
tubules with intestinal mononuclear cellular infiltration (I). Moreover, hyaline casts 
and epithelial cellular debris in the lumen were found (arrows). (H&E, X 300). 
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Figure 6. A section of rat kidney received the combined treatment of PCBs plus 
fennel oil shows normal tubules and glomeruli.(H&E, X 300). 
 

Figure 7. A section of rat testis of the control group shows normal structure of 
spermatocytes (arrows) and spermatids (Sd). (H&E, X 300). 

Sd 
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Figure 8. A section of rat testis treated with PCBs alone shows destruction in all 
stages of spermatogenic cells (arrows). Some pyknotic (P) spermatogenic cells 
appeared intermixed with inflammatory and dead cells (I). (H&E, X 300). 
 

Figure 9. A section of rat testis treated with the fennel oil plus PCBs shows normal tubules 
and normal spermatocytes (S). (H&E, X 300). 
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Table 5. Effects of different treatments on total protein contents in liver, kidney and testes 
tissues of rats (means ± SE). 

 
Organ

Group Liver Kidney Testis 

Control 0.426 
± 0.008a

0.429 
± 0.01a

0.478 
± 0.025a

PCBs 0.514 
± 0.013b

0.285 
± 0.005b

0.582 
± 0.041b

Fennel oil 0.438 
± 0.007a

0.438 
± 0.008a

0.688 
± 0.015c

PCBs + F. oil 0.501 
± 0.017a

0.432 
± 0.009a

0.643 
± 0.019d

Within each column, means superscript with the same letter are not significantly different 
(P≤0.05). 
 

It was noted that their concentrations were increased significantly in the group of 
animals treated with PCBs alone as shown in Table 3. One mechanism by which PCBs 
may induce or promote hepatic tumors is by increasing hepatic oxidative stress which 
results in enhanced lipid peroxidation leading to cell membrane and DNA damages, 
cellular apoptosis or necrosis and tumorigenesis (Robertson and Hansen, 2001).  
 PCB-induced oxidative stress may also influence gene expression in the liver. PCB-
153 was found to increase the DNA binding activity of the oxidative stress related 
transcription nuclear factor NF-kB after short term administration (Lu et al., 1999). NF-kB 
was also found to be activated during the promotion of liver carcinogenesis by both PCB-
153 and PCB-77 (Tharappel et al., 2002). Through the present study it was noted that the 
combined treatment of PCBs and fennel oil succeeded in decreasing the activity of TNF-α,
CEA and NO towards the normal value of the control. So, it was concluded that fennel is 
considered an effective antioxidant compound. The present study was coincided with 
Oktay et al. (2003) who identified fennel as free radical or active oxygen scavengers. In the 
current study the levels of oxidative stress indices, LPO, NO and the levels of antioxidants 
GPX and SOD were measured. It was noted that the treatment with PCBs alone resulted in 
a significant increase in LPO accompanied with significant decrease in both GPX and SOD 
compared to their levels in control as shown in Table 4. 
 Our results were consistent with that reported by Cheung et al. (2002) who 
proposed that chlorinated hydrocarbons, which caused oxidative stress, could inhibit the 
activities of protective enzymatic antioxidants Casillas et al. (1996) also reported a 
decrease in antioxidant enzymes in mussels exposed to PCB contaminated waters. It is well 
known that the enzymatic antioxidants play a substantial role in protecting organisms 
against oxidative stress. In the absence of these enzymatic antioxidants, hydroxyl radicals, 
the causative agent of LPO, will attack polyunsaturated fatty acids to produce LPO in the 
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presence of transition metals such as iron which coupled with a redox system and oxygen 
under appropriate conditions. 
 It was concluded from the present study that LPO is one of the main manifestations 
of oxidative damage and has been found to play an important role in the toxicity and 
carcinogenesis of many carcinogens. The hepatic antioxidants represent the major defense 
against toxic liver injury, and they act as anti-apoptosis. These results were in agreement 
with those reported by Meki et al. (2004). Moreover, Azevedo-Martins et al. (2003) stated 
that SOD play a role in the suppression of oxygen free radical formation and decrease NO 
generation. 
 LPO can cause damage to DNA and proteins. This can take place either through 
oxidation of DNA bases primarily guanine, or through covalent binding to certain 
breakdown products of lipid hydroperoxides e.g MDA (malondyaldhyde), resulting in 
DNA strand breaks and cross linking. The presence of lipid hydroperoxides and their 
derivatives are indicative of LPO in the tissues (Cheung et al., 2002). The current results 
coincided with those of Fadhel et al. (2002) who stated that PCBs may increase hepatic 
LPO by lowering cellular antioxidant defenses. PCBs decrease hepatic glutathione 
peroxidase activity and vitamin E concentrations. Active oxygen in the form of superoxide 
or hydrogen peroxide can be released as a by-product from cytochrome P-450 and could 
contribute to LPO (Goeptar et al., 1995). Other sources of oxidative stress may include 
many induced enzymes (Sugihara et al., 2001), the repression of antioxidants or 
antioxidant enzymes (Pelissier et al., 1992), or different metabolic events (Perg et al., 
2001). The induction of cytochrome P- 450 by PCBs may increase free radicals formation, 
the reaction of free radicals with cellular molecules can lead to the initiation of LPO 
(Fadhel et al., 2002). 

In the current study, as shown in Table 4 and Figure 3, animals treated with fennel 
oil plus PCBs showed significant success to restore LPO, GPX and SOD parameters and 
histological changes in the liver towards the normal values of the control. This indicated 
that fennel oil is effective against oxidant toxicity of PCBs. The results were in agreement 
with Oktay et al. (2003) and Yildirim et al. (2000) who concluded that fennel extracts have 
a noticeable effect on scavenging free radical. They stated that water and ethanol extracts 
of fennel seeds showed strong antioxidant activity, superoxide anion scavenging, hydrogen 
peroxide scavenging and metal chelating activities. Metal chelating capacity was 
significant since they reduce the concentration of the catalyzing transition metal in lipid 
peroxidation (Duh, 1998). It was reported that chelating agents are effective as secondary 
antioxidants because they reduce the redox potential thereby stabilizing the oxidized form 
of the metal ion (Oktay et al., 2003). 

Detoxification of endogenous waste products and xenobiotics in all vertebrates is 
carried out primarily in the liver. The hepatocytes are involved in intermediate metabolism 
of proteins, carbohydrates and lipids. These metabolic activities are regulated by a variety 
of hormones including catecholamines and corticosteroids, which also participate in the 
primary stress response (Quabius et al., 1998). In the present study, the histological 
examination of liver rats treated with PCBs alone showed severe pathological changes 
(Fig. 2) and indicated that PCBs mixture is a potent hepatotoxicant. These changes in 
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hepatocytes were normalized in PCBs plus fennel oil-treated group (Fig 3). In this regards, 
Fadhel et al. (2002) reported that PCBs induced ultrastructural changes in the rough and 
smooth endoplasmic reticulum, mitochondria, plasma membrane and the cytoplasm. 
Moreover, Glauert et al. (2001) were coincided with our results as they revealed that 
mixtures of PCBs have been demonstrated to cause liver cancer in rodents, and mixtures as 
well as purified congeners have promoting activity in the liver. 

In the current study, it was noted that there are different histopathological changes 
in the kidney of rats received PCBs alone as shown in Figure 5, our results coincided with 
McGavin et al. (2001) who reported that PCBs induced necrosis and hyaline droplets in the 
renal tubules. The histological examination of testis shown in Figure 8 revealed testicular 
changes in rats treated with PCBs alone. There were destructions in all stages of 
spermatogenic cells and presence of some pyknotic cells intermixed with inflammatory 
and dead cells. 

The antioxidant and protective effect of fennel have been attributed to various 
mechanisms, among which prevention of chain initiation, binding of transition metal ion 
catalyst, decomposition of peroxides, prevention of continued hydrogen abstraction, 
reductive capacity and radical scavenging (Yildirim et al., 2000). 
 

CONCLUSION 

The present results have indicated that PCBs induced adverse effects in rats. It 
causes severe biochemical and histological changes including the liver, kidney and testis. 
Fennel oil has a protective role against PCBs toxicity through increasing of the antioxidant 
capacity and/or free radical scavenger activity. The oil is safe at the tested dose and may be 
used pharmaceutically to protect against the hazardous effects of PCBs and any other 
environmental contaminants. 
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