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ABSTRACT

Aquaculture is subjected to various toxicants which affect the health status ending with dramatically
lost production. The study investigated the prospective effect of Leek extract (Allium ampeloprasum L.) on
detoxification and innate immuno response of catfish (Clarias gariepinus) exposed to benzo[a]pyrene (BaP).
Fish were divided into 4 groups before being injected with 0 (control), 5, 50, 500 mg/kg of leek extract
(dissolved in Dimethyl sulfoxid). After 2 weeks, fish were exposed to 1mg/L of BaP for 24 h and sampling was
done before and after exposure. Biotransformation enzymes (cytochrome P4501A1 (CYP4501A1),
Ethoxyresorufin-O-Deethylase (EROD) and Glutathione-S-transferase (GSH) activities), BaP metabolites in bile
and innate immune parameters (antiproteases, myeloperoxidase, total protein, albumin and globulin) were
examined. Results demonstrated significant induction in EROD and GSH activities in all fish groups injected leek
extract, while after exposure to BaP, their induction recorded the highest values in the low dose group
(5mg/Kg). Moreover, CYP450 content showed no significant differences before and after exposure to BaP. No
metabolite residues were detected in fish bile in both control and treated groups after BaP exposure using GC-
MASS analysis. Furthermore, all doses of leeks showed enhancement in all examined innate immune
parameters. However after exposure to BaP, only 5 mg/kg dose demonstrated ability to resist the toxic effect
of BaP and enhanced immune parameters. To conclude, the injection of catfish with low dose of leek extract
may contribute in protecting fish from harmful effect of BaP through enhancement biotransformation and
immune systems.
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INTRODUCTION

Fish represent one of the most valuable and cheapest animal protein sources, they are subjected to
many environmental stresses, water pollution is the most effective one that lead to great losses and decrease
in fish production. Benzo[a]pyrene (BaP) is an organic environmental contaminant that is widely spread in both
aquatic and terrestrial ecosystems. It belongs to the polycyclic aromatic hydrocarbons (PAHs) and finds its way
to the environment through incomplete combustion of any organic substance such as plants, dead animals,
garbage, oil and coal (Hardin et al., 1992 ; Mudzinski, 1993).

Metabolism and detoxification of xenobiotics are performed in two metabolic phases. BaP is firstly
metabolized into quinine metabolites through some oxidation-reduction reactions that mediated by phase |
biotransformation enzyme, cytochrome P450. The redox reactions create reactive oxygen species (ROS), such
as superoxide, hydrogen peroxide and hydroxyl group (Kiruthiga et al., 2007). The over release of ROS create
oxidative stress where bind and damage DNA, RNA and other proteins, finally causing carcinogenic and
mutagenic alterations (Oldham & Bowen, 1998). Phase Il involves the conjugation of the phase | products with
larger molecules, such as glutathione, glucuronic acid or sulphate to produce more hydrophilic metabolites
that could be excreted and eliminated from the fish body (Sirokd & Drastichova, 2004).

The main idea of the immune system is that it is a group of mechanisms that protects the animal from
invading pathogens. Therefore any suppression of the immune system could lead to a dramatic malfunction of
the cells and resulted in death. On the other hand, the bacterial infection was responsible for suppressing
biotransformation activities in the fish tissue. Carp (Cyprinus carpio) infected with Listeria monocytogenes
bacteria, showed reduction in the liver, spleen, and head kidney enzyme activities such as cytochrome P450
levels and ethoxyresorufin O-deethylase (EROD) activity (Chambras, 1999). Toxicants including metals,
pesticides and polycyclic aromatic hydrocarbons may induce immunosuppression. Moreover, these
compounds may cause inadequate responses towards host tissues (Burnett, 2005).

Several variations in the immune response of fish have been reported by many authors toward
exposure to BaP (Abbas et al., 2016 ; Holladay et al., 1998 ; Smith, 1999). For example, Japanese medaka
(Oryzias latipes) injected intraperitoneal with BaP (2—-200 ug/g BW) which showed suppression of respiratory
burst, lymphocyte proliferation and humoral immunity in addition to weak resistance against infection with
Yersinia ruckeri (Carlson et al., 2002a). Similarly, Japanese medaka exposed to BaP showed suppression in
leukocyte superoxide production at head kidney cells (Carlson et al., 2004). Moreover, exposure to BaP (20 and
200 mg/g BW) resulted in suppression of antibody-forming cell and superoxide production accompanied by an
increase in cytochrome P4501A1(CYP1A) expression/activity in Japanese medaka (Carlson et al., 2002b). It
must be noted that stimulating the immune system relies upon the route and time of administration as well as
the dosage (Sakai, 1999).

Recently, the world turns to use natural products to get rid of toxicants and avoid the non degradable
substances which cause stress in the environment. Plants and their derivatives are considered as the most
important natural products, since it being easy and cheap to obtain. It is well known that plants possess
antioxidant compounds which act as protective agents that inactivate reactive oxygen species and therefore
delay or prevent oxidative damage and resist diseases (Hudec et al., 2007).

Leek, Allium ampeloprasum L. (family Amaryllidaceae) is one of the daily edible green vegetables for
Egyptians; it is cheap and widely cultivated. It is mainly native to the Mediterranean region and cultivated later
in other world regions of the world due its medicinal properties (Dey & Khaled, 2013). Leek is known to be rich
with many active compounds like kaempferol, steroidal saponins, carotenoids, and chlorophyll(Nemeth &
Piskula, 2007) . Therefore many medicinal properties including anti-hepatotoxic, antifungal (Morita et al.,
1988), anti-inflammatory (Addo et al., 2011), anti-helmintic, antihypertensive activities (Guarrera & Savo,
2013) have been reported in leeks.

The current study was performed to study the effect of different doses of alcoholic leek extract,
Allium ampeloprasum L. on the biotransformation enzymes and innate immunity parameters of catfish, Clarias
gariepinus before and after being exposed to Benzo[a]Pyrene (BaP), in order to investigate the prospective
effect of exposure to polycyclic aromatic hydrocarbons compounds.
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MATERIAL AND METHODS
PLANT EXTRACT:

Leaves of leek (Allium ampeloprasum) were obtained from local market, Cairo, Egypt and allowed to
dry in fresh air. 1 kg of dried leaves was extracted using 95% alcohol by percolation until it was exhausted and
filtered off. Then the collected filtrates were evaporated under reduced pressure and low temperature using a
rotator evaporator. The obtained residue was kept at 8°C until use.

FISH, EXPERIMENTAL DESIGN AND SAMPLING:

Around 240 catfish, Clarias gariepinus (average weight 80 = 5 g) were obtained from commercial fish
farms at Kafr El-Shaik, Egypt. Fish were allowed to acclimatize in aerated free-flowing freshwater for 2 weeks.
Fish were randomly distributed into 4 groups, each group containing 60 fish (20 X three replicates). The first 3
groups were injected with 0.2 ml of 5, 50 and 500 mg/kg of fish of leek extract dissolved in Dimethyl sulfoxid
(Sigma). The fourth group was injected with 0.2 ml of Dimethyl sulfoxid only (control). During acclimatization
and experiment time, fish were fed twice daily with commercial diets. The first sampling was done after 2
weeks of injection. Then, the fish, in four groups were exposed to 1mg/L of Benzo[a]pyrene (dissolved in 0.5 ml
of Dimethyl sulfoxid) and the second sampling was done after 24 h of exposure. At each sampling blood was
collected from the caudal vein of fish after being anesthetized with 3- amino benzoic acid ethyl ester (Sigma-
Aldrich) using a syringe of 3 ml capacity. Then, blood samples were transferred to Vacuettes without heparin
and allowed to clot for 2 h at 4°C before centrifuging at 3000 rpm for 25 min at 4°C. Serum was collected, and
stored at - 20°C until use. Liver samples were collected and embedded directly in liquid nitrogen tanks, and
then transported in -80°C. Also gall bladders were collected in -20°C for analysis by GC-MASS.

PREPARATION OF S-9 HEPATIC FRACTION:

After thawing liver samples on ice, about 0.5 g of each liver sample was homogenized by a high speed
glass-Teflon homogenizer in 2ml of homogenization KCI-HEPES buffer, pH 7.5 (0.15 M KCl and 0.02 M HEPES).
The homogenate was then centrifuged at 9000 g for 30 min at 4°C. The supernatant (S9 fraction) was
collected, divided into four aliquots and stored in - 80 °C till enzyme assays (Parente et al., 2004). Protein
content of S-9 fraction was determined spectrophotometrically at 595 nm by using Bio-Rad protein kit, using
bovine serum albumin (Sigma-Aldrich) as a protein standard.

BIOTRANSFORMATION ENZYMES:
CYTOCHROME P4501A1 CONTENT (CYP4501A1):

Cytochrome P4501A1 was immuno-detected by a semi-quantitative Enzyme Linked Immuno-Sorbent
Assay (ELISA) as developed by Goksgyr (1991). A 96-well plate was coated by 100 ul of S9 hepatic fraction (30
ug protein/ml in 50 mM Na-bicarbonate buffer, pH 9.5) overnight at 4°C. The wells were blocked with 200 pl of
0.1% bovine serum albumin in Na-bicarbonate buffer for 1h at room temperature. 100 pl of anti CYP450 1A1
(Sigma-Aldrich) were added to the wells and incubated for 2h at 37°C. 100 pl of 1:1000 Horseradish
peroxidase-conjugated goat Anti-Rabbit IgG (Sigma-Aldrich), in Tween-20 phosphate buffer saline was added
and incubated for 1h at 37 °C. Washing with Tween-20 phosphate buffer saline, pH 7.5 for three times must be
done after each step. Finally, 100 ul of the o- phenylenediamine dihydrochloride (OPD substrate tablets, 60
mg) in 150 mM Na-phosphate + 50 mM Na-citrate buffer, pH 5.7 + 0.012% H202 was added for 30 min. and the
reaction was stopped by adding 100 pl of 1N NaOH to each well and the optical density values were obtained
by the ELISA reader at 492 nm.

ETHOXYRESORUFIN-O-DEETHYLASE (EROD) ACTIVITY:

Firstly, a mixture contained 0.1 M HEPES (N-2-Hydroxyethylpiperazine-N’-2-ethanesulphonic acid)
buffer, pH 7.8 + 1.28 M Magnisum Sulphate + BSA (Bovine Serum Albumin) + 0.5 mM freshly prepared NADPH
(Nicotinamide Adenine Dinucleotide Phosphate; reduced form) was prepared in a glass centrifuge tube. Then
S-9 fraction was added and the tubes were incubated in a water bath (25°C) for 10 min. The reaction was
initiated by addition of 10 uL of ethoxyresorufin substrate (Sigma-Aldrich) to each tube, incubated in a water
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bath (25°C) for another 10 min, and the reaction was terminated by addition of 2.5 mL of methanol. Protein
was then precipitated by centrifugation at 9000 g for 10 min at 4°C. The supernatant was transferred to clean
quartz cuvette and the fluorescence was measured by spectral-fluorimeter (JASCO EP777, Japan) at
excitation/emission wavelengths of 530/585 nm. EROD activities were expressed as nmol resorufin/mg
protein/min (Hodson et al., 1991)

GLUTATHIONE-S-TRANSFERASE (GST) ACTIVITY:

Glutathione-S-transferase activity was estimated through conjugation of 1mM CDNB (1-chloro-2,4-
dinitrobenzene, Sigma-Aldric) in ethanol with 1mM GSH (reduced glutathione, Sigma-Aldrich) in a 0.1M
phosphate buffer, pH 6.5. Then the absorbance of the formed GSH-CDNB conjugate was read kinetically at 340
nm. The specific activity of GST was calculated using a molar extinction coefficient of 9.6 mM1cm™, and it was
expressed as umole/min/mg protein (Habig et al., 1974).

BAP METABOLITES IN BILE:

The content of BaP metabolites in bile samples were determined by A Hewlett-Pakard (Palo Alto, CA,
USA) HP 5890 series Il plus gas chromatograph coupled with a 5972 mass selective detector, Ultra-2, 5%
phenylmethylsilicon column. The gall bladders from each group were pooled and analyzed as a one sample.
Briefly, a solution of potassium hydroxide in ethanol was added in a double volume to each sample, heated at
60°C for two hours. After filtration, the extraction was achieved by n-hexane and the extract was stored in
capped vials until GC-MASS analysis (Douglas et al., 1994).

INNATE IMMUNE PARAMETERS:
ANTIPROTEASE ACTIVITY:

The serum anti-trypsin activity was measured by the established methods of Ellis (1987) and Lange et
al. (2001). Thus, 20 pl of standard trypsin solution (Sigma-Aldrich, 5 mg/ ml) was incubated with 20 pl of serum
for 10 min at 222C. Subsequently, 200 ul of 0.1 M PBS (PH 7.2) and 250 pl of 2% azocasein solution (20 mg ml?
PBS) were added and incubated for 1 h at 222C. The reaction was then ended with the addition of 500 ul of 10
% (v/v) trichloro acetic acid (TCA) and incubated for 30 min at 222C. The mixture was centrifuged at 6000 x g
for 5 min and 100 pl of the supernatant was transferred to a flat-bottomed 96 well plates containing 100 ul of
1 N NaOH /well. The absorbance was read in the spectrophotometer at 410 nm, and the percentage inhibition
of trypsin activity was calculated by comparing with a 100% control sample, in which the buffer replaced the
serum. For a negative control, the buffer replaced both serum and trypsin.

MYELOPEROXIDASE CONTENT:

The total myeloperoxidase content present in serum was measured according to Quade and Roth
(1997) . For this, 50 pl serum was diluted with 135 pl of Ca*? and Mg*? free HBSS (Sigma-Aldrich) in flat-
bottomed 96-well microtitre plates. Then, 50 ul of 20 mM 3,3°,5,5"-tetramethylbenzidine hydrochloride (TMB,
Sigma-Aldrich) and 5 mM H202 (Sigma-Aldrich) were added (both substrates of peroxidase). The colour-change
reaction was stopped after 2 min by adding 50 pl of 4 M sulphuric acid (H2SO4). The absorbance was read at
450 nm in a fluorimeter. Standard samples without serum were also analysed.

TOTAL PROTEIN, ALBUMIN AND GLOBULIN:

Total protein albumin and globulin were measured by kits from Biodiagnostic (Egypt).
STATISTICAL ANALYSIS:

Data were analysed by a one-way analysis of variance (ANOVA). If the results of the ANOVA indicated
significant differences among the mean values, differences were reported as statistically significant at P<0.05.

All the statistical analyzes were performed using the statistical Minitab statistical software (Minitab, Coventry,
UK).
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RESULTS
BIOTRANSFORMATION ENZYMES:
CYTOCHROME P4501A1 CONTENT (CYP4501A1):

A slight increase in the basal hepatic CYP4501A1 content was observed in fish groups injected with
doses of 5 and 500 mg/Kg of leek extract compared to the corresponding control before exposure to BaP,
although the difference was not significant (Fig. 1). While after exposure to BaP, all leek doses showed no
changes in CYP4501A1 content compared to their corresponding control. Moreover, there was a non-
statistically significant increase in the hepatic CYP4501A1 content in the control group between before and

after exposure to BaP.
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Fig. 1. Cytochrome P4501A1 content of catfish liver injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before
and after exposure to BaP. Letters were shown the significant differences (P<0.05) between treatment groups and the
corresponding controls.

(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean + S.E

ETHOXYRESORUFIN-O-DEETHYLASE (EROD) ACTIVITY:

The injection of leek extract showed significant increase (p < 0.05) in the basal level of EROD activity
in 5 and 50 mg/Kg doses compared to corresponding control before exposure to BaP (Fig. 2). After exposure to
BaP, only the dose of 5mg/Kg recorded significant increase in EROD activities (p < 0.05) compared to the
corresponding control while decreased in the higher doses (50 and 500 mg/Kg). Interestingly, the exposure to
BaP caused about 1.8 fold increases in EROD activities in both control and 5mg/Kg dose compared to before
exposure (p < 0.05).
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Fig. 2. EROD activity of catfish liver injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before and after
exposure to BaP. Letters were shown the significant differences (P<0.05) between treatment groups and the
corresponding controls.
(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E
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GLUTATHIONE-S-TRANSFERASE (GST) ACTIVITY:

Before exposure to BaP, fish groups injected with all doses of leek extract showed significant increase
in the basal level of GSH activity (p < 0.05) compared to the corresponding control (Fig 3). Moreover, the
lowest dose (5 mg/Kg) recorded the highest value of GSH where the value was about two-fold increase
compared to the corresponding control. After exposure to BaP, there was a significant increase in GSH activity
in control group than before exposure (p < 0.05). Also the exposure to BaP led to insignificantly decreased in
GSH activity in all doses of leek extract except in the dose of 5 mg/kg which recorded a higher activity than the
corresponding control.
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Fig. 3. GST activity of catfish liver injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before and after exposure
to BaP. Letters were shown the significant differences (p < 0.05) between treatment groups and the corresponding
controls.

(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E

BAP METABOLITES IN BILE:

GC-MASS chromatograph of bile specimens revealed that BaP metabolites were not detected in both
control and the treated groups after exposure to BaP.

INNATE IMMUNE PARAMETERS:
ANTIPROTEASE ACTIVITY:

Generally, high percentages of antiprotease activity were recorded in all fish injected with all doses of
leek extract compared to corresponding controls before and after BaP exposure (Fig. 4), but without significant
difference. Before BaP exposure, the higher doses (50 and 500 mg/kg) showed the highest antiprotease
activity. But after BaP exposure, the highest activity was reported in 5 mg/kg dose. Moreover, the antiprotease
activity was higher in control and 5 mg/kg doses after BaP exposure than before and vice versa in doses of 50
and 500 mg/kg.
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Fig. 4. Serum antiprotease activity of catfish injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before and
after exposure to BaP. Letters were shown the significant differences (p < 0.05) between treatment groups and the
corresponding controls.
(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E

MYELOPEROXIDASE CONTENT:

Similarly, all doses of leek extract showed higher myeloperoxidase values compared to the
corresponding controls before and after BaP exposure (without significant difference), (Fig. 5). Moreover, the
dose of 50 mg/kg recorded the highest myeloperoxidase values before BaP exposure however, after BaP
exposure both 5 and 50 mg/kg doses were recorded the highest values. Interestingly, all groups injected with
doses of leek extract revealed a higher myeloperoxidase content after BaP exposure than before exposure.
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Fig. 5. Serum myeloperoxidase activity of catfish injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before
and after exposure to BaP. Letters were shown the significant differences (p < 0.05) between treatment groups and the
corresponding controls.

(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E

TOTAL PROTEIN, ALBUMIN AND GLOBULIN:

Before BaP exposure, a higher total protein and globulin values were recorded in treatment groups as
compared to the corresponding control, especially the dose of 50 mg/kg which recorded the highest values
(Fig. 6 & 7). By contrast, only the dose of 5 mg/kg showed an increase in total protein and globulin compared
to the corresponding control after BaP exposure. On the other hand, total protein and globulin were elevated
after BaP exposure in the dose of 5 mg/kg and the control than before exposure. It's necessary to emphasize
the absence of any significant difference between the treatment groups and corresponding controls.
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Fig. 6. Serum total protein of catfish injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before and after
exposure to BaP. Letters were shown the significant differences (p < 0.05) between treatment groups and the
corresponding controls.
(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E
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Fig. 7. Serum globulin of catfish injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before and after exposure
to BaP. Letters were shown the significant differences (p < 0.05) between treatment groups and the corresponding
controls.

(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E

All groups injected with doses of leek extract showed higher albumin values than the corresponding
control before BaP exposure. Interestingly, the dose of 5mg/kg showed a higher albumin values before and
after exposure to BaP compared to the corresponding controls (Fig. 8). There was no significant difference
between treatment groups and corresponding controls. Generally, albumin values were higher before BaP
exposure than after (except in control group).
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Fig. 8. Serum albumin of catfish injected with 0 (control), 5, 50 and 500 mg/kg of leek extract before and after exposure
to BaP. Letters were shown the significant differences (p < 0.05) between treatment groups and the corresponding
controls.

(*) = significant difference between each dose (before and after exposure to BaP) (p <0.05). Bars= mean = S.E

DISCUSSION

In fact, the ability of fish to resist the harmful toxicant effects in fish tissue as well as the invading
pathogens is associated mainly with immune and biotransformation systems. The biotransformation system is
the principal protective mechanism of living organisms against polycyclic aromatic hydrocarbons (PAH) which
converts them to inactive hydrophilic metabolites (Tuvikene, 1995). At the same time, changes in the immune
system of fish could represents a good biomarker for pollution (Risjani et al., 2014) since pollution induces
abnormal functioning of immune cells and affect both innate and adaptive immune response (Fatima et al.,
2000). In affirmation to this, some studies revealed a complementary relationship between biotransformation
and immune systems (Reynaud et al., 2008). For example, Abbas et al. (2016) demonstrated that using black
mustard extract in tilapia diet led to a simultaneous enhancement in the immune response as well as in the
detoxification process of pollutants.

This study demonstrated that the injection of catfish with different doses of leek extract (5, 50, 500
mg/Kg fish) effectively induced EROD activity, especially at the low dose (5 mg/Kg). This induction may be
attributed to enrichment of leek with allyl sulfides which play an important role in changing and modifying
some metabolic pathways associated with the tumours production (Nemeth & Piskula, 2007) and its
components have the ability to block several carcinogenesis stages (Fleischauer et al., 2000). While CYP450
content showed no significant difference compared to the corresponding controls (before and after BaP
exposure). Similarly, Wolkers et al. (1996) observed that EROD induction does not necessarily accompanied by
increase in CYP content in Arctic charr (Salvelinus alpinus). Our study also revealed significant increase in EROD
activity after exposure to BaP in the control group, which was mainly due to the toxic effect of BaP. Generally,
induction of CYP450 1A1 can be explained as a result of binding xenobiotic to a cellular receptor (Aryl
hydrocarbon receptor) in such a way that it triggers the expression of the gene coding CYP450 1A1 (Okey et al.,
1994). EROD activity is also catalysed by the cytochrome P450 1A1 gene due to PAH pollution (Stegeman,
1989). BaP induce EROD activity in many fish species at different duration times, in gizzard shad, Dorosoma
cepedianum (Levine & Oris, 1997), European eel, Anguilla anguilla (Gorbi & Regoli, 2004) and in both Nile
tilapia, Oreochromis niloticus and catfish, Clarias gariepinus (Hassanain et al., 2007). The significant increase in
EROD activity in fish injected with the dose of 5mg/Kg after exposure to BaP indicated the promised protective
effect of this dose to reduce the toxic effect of BaP. Similarly, protective effect against the toxicity induced by
carbon tetrachloride (CCL4) has been observed in male white rats after administration doses of leek extract
(Jaffat et al., 2014). On the other hand, the obvious decrease in EROD activities at high doses (50 and 500
mg/Kg) after exposure to BaP revealed the inability of leek to enhance metabolic reactions at those high doses.
Although CYP450 are involved in the conversion of BaP to highly reactive carcinogenic intermediates, their
induction is the first step in the elimination of such pollutants from fish. So increasing the CYP450 activity using
some natural plant extracts represents a very helpful solution to overcome the pollutants side effects.
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Moreover, the increase in CYP450 activity levels could be considered beneficial as it is followed by phase I
system (Villa-Cruz et al., 2009).

GST is one of the most important phase Il biotransformation antioxidant enzymes which are
responsible for detoxification and elimination of xenobiotic. Some organosulfur compounds which derived
from allium plants can induce GSH synthesis and also has a hepatoprotective function (Shaarawy et al., 2009).
It can interact with the reactive oxygen species produced from the phase | biotransformation and reduce its
carcinogenic effect (Pastor et al., 1997 ; Baumgardner et al., 2008). Furthermore, they act as a substrate for
glutathione and restore its hepatic level and provide enhanced protection against toxins (Vendemiale et al.,
2001). Therefore, there was induction in GSH activities in leek injected groups, especially the low dose, which
recorded the highest values before and after BaP exposure. Furthermore, inductions in both EROD and GSH
(especially at the lowest dose of leek extract) trigger the complete transformation of BaP and prevent its toxic
effect upon fish which are compatible with previous studies that used plants or their extracts to enhance the
detoxification system, such as broccoli (Villa-Cruz et al., 2009) and black mustard (Abbas et al., 2016).

Presence of PAH metabolite in fish bile provides information about the pollution state in the
surrounding environment and the exposure of fish to PAH’s (Vuorinen et al., 2006). Unfortunately, our study
did not report any of the BaP metabolites in both control and treated fish groups. This may be attributed to
the short exposure duration (only 24 h) and also to the route of administration (in the water at 1mg/| dose).
Some previous studies reported the presence of BaP metabolites after three days of intraperitoneal injection
of BaP in Oreochromis niloticus (Villa-Cruz et al., 2009) or in Fundulus heteroclitus which were exposed to BaP
in water for two weeks (Zhu et al., 2008).

Fish plasma contains immune soluble molecules which play a vital role as inhibitors or lysins against
the invading foreign microorganisms. Antiproteases are one of inhibitors molecules which inhibit the action of
destructive proteases to prevent protein hydrolysis , and thus limit the bacteria from growing in fish
(Laskowski Jr & Kato, 1980 ; Ellis, 1999). Several studies recorded enhancement in antiprotease activity of fish
using either plant or their extracts as immunostimulant (Christybapita et al., 2007 ; Awad et al., 2013 ; Awad,
2010 ; Rao Y & Chakrabarti, 2005) . In agreement to previous studies, our results recorded a high antiprotease
activity in fish injected all doses of leek extract, especially the highest doses (50 and 500 mg/kg) compared to
their corresponding controls after 2 weeks (before BaP exposure). Similarly, the highest dose of soluble
fraction of Tinospora cordifolia leaves (600 mg/kg) injected in Oreochromis mossambicus, showed the highest
antiprotease activity after 8 days. In similar manner, tilapia fed with Eclipta alba leaf extract showed an
increasing level of antiprotease activity after 2 weeks (Christybapita et al.,, 2007). Furthermore, the
enhancement in innate immune response was recorded after 8 weeks in olive flounder Paralichthys olivaceus,
injected with 50 and 100 mg/kg dose of leaf extracts of Punica granatum (Harikrishnan et al., 2010). On the
other hand, all doses of leek extract showed a higher level in antiprotease activity even after exposure to BaP.
Particularly, the dose of 5mg/kg revealed the highest percentage. Similarly, a dose of 1% of black mustard
extract showed an elevation in antiprotease percentage of Nile tilapia after exposure to BaP (Abbas et al.,
2016). Interestingly, 5mg/kg dose also recorded a higher level in antiprotease activity after exposure to BaP
than before exposure. Such this observation could reflect the effectiveness of this dose to resist toxicant effect
and elevate immune response at the same time.

The first line toward the invading pathogen/or any foreign particles in fish are neutrophils and
monocytes. They play essential role (as phagocytic cell) in engulfing and digesting the invading pathogen as
well as stimulating other leukocytes and immune molecule trigger an inflammatory response (Rao et al.,
2006). Myeloperoxidase is an enzyme that exists in cytoplasmic granules of neutrophils, which have a strong
influence in killing microbes (Dalmo et al., 1997). Previous investigations reported the efficiency of using plant
immunostimulant to enhance the myeloperoxidase content in fish (Awad & Austin, 2010 ; Awad et al., 2013 ;
Awad et al., 2015). Our result revealed an increase in myeloperoxidase values in all fish injected with doses of
leek extract before exposure to BaP, although the increase wasn't statistically significant. In agreement with
this study, Oreochromis mossambicus injected with 6 and 600 mg/kg doses of soluble fraction of T. cordifolia
leaves recorded significant increase in myeloperoxidase activity after 6 days. Similar, common tilapia showed
an increase in myeloperoxidase value after fed with different doses of aqueous leaf extract of E. alba for one
week (Christybapita et al., 2007). It's interesting that the myeloperoxidase content in fish isn’t affected by the
exposure to BaP, where all treatment groups recorded slightly higher values than their corresponding controls.
Moreover, comparing the myeloperoxidase values of doses before and after exposure to BaP revealed an
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increase in the values after exposure especially at 5 and 50 mg/kg dose. It could be attributed to the
effectiveness of leek compounds to reduce or to resist the toxic effect of BaP, especially when applied once.

Fish serum proteins have important functions such as water balance regulation, repairing tissue
damage and killing micro-organisms (Wedemeyer & Yasutake, 1977 ; Atanasova & Hadjinikolova, 2008).
Protein consists of albumin and globulin. Globulins are active protein which plays a role in the immune defence
system (Jha et al., 2007). Our study revealed an increase in total protein, globulin, and albumin values in all
fish injected with doses of leek extract before exposure to BaP. Moreover, the dose of 50 mg/kg also recorded
the highest total protein and globulin values. The increase in total protein and globulin was demonstrated in
other fishes that used plant immunostimulant. For example, previous studies carried on rohu recorded higher
values of total protein, globulin and albumin after fed diet mixed with different concentrations of mango
kernel (1, 5 and 10%), and garlic (0.1, 0.5 and 1%) (Sahu et al., 2006 ; Sahu et al., 2007). It is worthy to
mention that the dose of plant immunostimulant which provide the best immune response is varied according
to fish species as well as which type or form (crude or extract) of plant being used. Thus, diet supplemented
with 1% lupin showed higher protein and globulin values in rainbow trout than of 1% mango, while albumin
didn't increase at all (Awad & Austin, 2010). After exposure to BaP, the total protein, globulin and albumin
values were increased only in the fish group that received 5 mg/kg. Only few investigations are carried out
regarding the efficiency of plants to resist toxicant effect and enhance the immunity. Among them, a study
done by Abbas et al. (2016) which recorded an increase in total protein of Nile tilapia fed with 1% of black
mustard extract and 30% of crude black mustard and exposed to BaP as opposed to the control. Furthermore,
using mustard extract showed a higher value of protein than with using crude.

Generally, catfish (Clarias gariepinus) injected with doses of leek extract (5, 50 and 500 mg/kg)
showed an increase in detoxification enzymes as well as innate immune parameters. However after exposure
to BaP only 5 mg/kg dose showed ability to resist BaP effect and enhanced innate immune response. Further
investigation is necessary to examine the effect of oral administration of leek extract with different time and
dosage on general fish health status which lead to the best protection and then enhance the fish productivity.
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