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ABSTRACT

Objective: Vanillin (Va), a phenolic substance is a natural antioxidant with proven free radical scavenging activity and offers protection against
oxidative damage. This study was designed to investigate the ameliorative effect of Va against metribuzin (Mtz) pesticide-induced toxicity and
oxidative stress in rats.

Methods: Thirty-two rats were equally divided into four groups: control, vanillin (Va), metribuzin (Mtz) and metribuzin plus vanillin (Mtz+Va).
Metribuzin (133.33 mg/kg, 1/20 LDso) was given to rats through their drinking water. Vanillin was supplemented (150 mg/kg) intraperitoneally for
three weeks. At the end of experiments, various haematological and biochemical parameters were estimated. Antioxidant defence systems as GPx
enzyme activities, GSH and MDA contents were determined in tissues as the indicators of oxidative stress.

Results: Compared with the control, a significant decrease in the levels of red blood cells (p<0.05), haemoglobin (p<0.003) and hematocrit (p<0.02)
were noticed in the metribuzin-exposed group. The biochemical evaluation showed significantly higher values (i 0.0001) for glucose, urea,
creatinine and bilirubin. Also, Mtz treatment caused significant perturbations in lipids profile as plasma levels of total cholesterol (p<0.0001) and
triglycerides (p<0.004). MDA levels increased in all the tissues of rats exposed to Mtz whereas the fluctuation in GPX enzyme activities and GSH
levels were observed compared with controls. However, treatment with vanillin significantly normalised haematological profiles, serum
biochemical profile and modulated all the oxidative stress parameters.

Conclusion: The use of vanillin appeared to be beneficial to rats, to a great extent in attenuating and restoring the damage sustained by metribuzin
exposure.
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INTRODUCTION

Pesticides comprise a heterogeneous group of chemicals which are
considered as one of the main factors involved in environmental
contamination of today’s world. These toxic chemicals designed to
act as poison to the pests are able to produce devastating effects on
intoxicating non-target organisms, including humans [1]. In fact,
pesticides represent a major concern for human health and
contribute significantly to many disease states including cancer,
neurodegeneration and other chronic health effects [2]. Metribuzin
(Mtz) a pesticide often used on vegetable crops to control broadleaf
and grassy weed species [3] has also shown significant toxicity to
humans [4] and animals [5, 3]. It has been reported that metribuzin
is most likely to affect liver [3, 6], kidney [7], lipids profiles and
blood chemistry [6]. Also, Velisek et al [7] demonstrated that
metribuzin has potentially induced hepatotoxicity in vivo.

Thus, it has been previously suggested that several pesticides exert
their biological effects mainly through electrophilic attack of cellular
constituents with simultaneous generation of reactive oxygen species
(ROS) [8] which is a major cellular source of oxidative stress [9] and
ultimately results in widespread oxidation of biomolecules includes
lipids, proteins and nucleic acid [10]. The cytotoxic action of Mtz is also
associated with the generation of ROS causing oxidative damage [3, 6].

To control the level of reactive oxygen species (ROS) and to protect
cells under stress conditions, mammalian tissues contain several
enzymatic (catalase CAT, superoxide dismutase SOD and glutathione
peroxidase GPx) and non-enzymatic antioxidants (glutathione GSH),
that scavenge ROS [11, 12]. Due to continuous exposure of
pesticides, the level of these endogenous antioxidants decreases
leading to accelerated cell death [11]. However, any compound,

natural or synthetic with antioxidant properties might contribute
towards the partial or total alleviation of this type of damage [13,
14]. Antioxidants, both from natural and synthetic sources have
proved to be highly effective to control the magnitude of free
radicals production, to prevent its undesirable effects, as well as to
support the organism antioxidant and detoxifying mechanisms [15].

Indeed, many plant extracts have been reported to have multiple
biological effects including antioxidant properties [16]. Vanillin (4-
hydroxy-3-methylbenzaldehyde) is a good example, which is a
primary component of the vanilla bean extract [17]. It is one of the
most widely wused flavour components in beverage, food
preservatives, cosmetics and drugs industry with an estimated
annual worldwide consumption of more than 2000 tons [18] but the
compound is mainly synthetically produced because the naturally
derived product is expensive [17].
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Fig. 1: Structure of vanillin

Besides its industrial and food application, this compound has been
the subject of several scientific investigations in the last years, such
as the identification of antioxidant properties, antimicrobial activity,
as well as antimutagenic and anticarcinogenic actions. Part of these
biological properties can be attributed to the fact that vanillin (fig. 1)
is a phenolic compound [19].
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To the best of our knowledge, no previous study of the efficacy of
vanillin on pesticide toxicity has been reported. Therefore, the
current study was designed to evaluate the protective effects of a
synthetic antioxidant vanillin (Va) against oxidative damage in rats
subacutely exposed to metribuzin (Mtz) pesticide.

MATERIALS AND METHODS
Drugs and chemicals

The commercial herbicide metribuzin (CsH14N4OS; CAS. Nos
metribuzin 21087-64-9) used in this study was obtained from (INRAA,
Algeria). It was tested in the form of Sencor WP 70 pesticide, of which
the active substance was metribuzin in the amount of 70%. All other
reagents used were of high quality and analytical grade. Vanillin
[TUPAC name 4-hydroxy-3-methoxybenzaldehyde, chemical formula
(CH30) (OH) C6H3CHO, the molecular weight of 152.15] was obtained
from Hi-Media laboratories.
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Fig. 2: Structural formula of metribuzin
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Animals

A total of 32 male Wistar rats weighing approximately 200-250 g
were used for this experiment. They were procured from the Pasteur
Institute (Algiers, Algeria). Rats were maintained under standard
conditions of temperature (22+2 °C), humidity (40%) and
photoperiod. Food (standard diet, supplied by the ONAB, Algiers,
Algeria) and water were available ad-libitum. After two weeks of
acclimatisation, rats were divided among the control and test
groups. All experiments were carried out in accordance with ethical
approval.

Experimental design
Animals were randomly divided into 4 groups (8 rats in each):
Group I: Control group (C) rats received drinking water.

Group II (Va): Animals received vanillin dissolved in 0.9% saline
solution and administered by intraperitoneal injection at a dose of
150 mg/kg body weight (in a volume of 1 ml/kg body weight).

Group III (Mtz): Rats given orally metribuzin at a dose of 133.33
mg/kg body weight (1/20 LDso) in drinking water.

Group IV (Mtz+Va): Rats treated daily with both metribuzin and
vanillin as in group two and three.

Rats in the group (C) and (Mtz) were daily given physiological saline
(0.9% NaCl, 1 ml/kg body weight) by intraperitoneal injection (i. p.)
during the whole course of the experiment.

Vanillin and metribuzin doses were based in previous studies [14]
and [20] respectively. The treatment was continued for a period of
three consecutive weeks, and all individuals were weighed one every
week. At the end of the experiment, total body weights were
recorded, and animals were sacrificed by decapitation without
anaesthesia to avoid animals stress. Different organs namely liver,
kidney, brain and testis were removed and weighed in order to
obtain the relative weight of each organ (%) which was calculated as
g/100g body weight.

Blood collection and haematological profile

At the time of sacrifice, blood samples for biochemical assays were
collected in tubes without anticoagulant and serum was obtained by
centrifugation of the samples for 15 min at (3000 rpm, 4 °C). Blood
samples for haematological analysis were collected in tubes
containing EDTA.

The haematological analysis was performed using an automatic
haematological analyser (Auto Hematology Analyz, MODEL PCE-210N,
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Japan). Haematological parameters evaluated were total red blood cell
(RBC), haemoglobin (Hb) concentration, hematocrit (HCT), mean
corpuscular haemoglobin (MCH), mean corpuscular volume (MCV)
and meant corpuscular haemoglobin concentration (MCHC).

Tissue preparation

One gramme of liver, kidney, brain and testis was homogenised in 2
ml of buffer solution of phosphate buffer saline 1:2 (w/v; 1g tissue
with 2 ml TBS, pH 7.4). Homogenates were centrifuged at 10000 x g
for 15 min at 4 °C and the resultant supernatant was used for the
determination of thiobarbituric acid reactive substances (TBARS),
reduced glutathione (GSH) and protein levels in one hand and the
estimation of GSH-Px activity in the other hand.

Biochemical profile

Different biochemical parameters were measured by spectro-
photometric methods using the corresponding kits from Spin react
(Spain, refs: glucose-1001190, triglycerides-41031, cholesterol-
1001090, urea-1001331, creatinine-, bilirubin-1001044, total
protein-1001291, (ALP) alkaline phosphatase-1001130-1001131,
(AST) aspartate aminotransferase-1001160-1001161 and (ALT)
alanine aminotransferase-1001170-1001171).

Determination of lipid peroxidation

The lipid peroxidation levels in liver, kidney, brain and testis
homogenates were measured as malondialdehyde (MDA) which is
the end product of lipid peroxidation and reacts with thiobarbituric
acid (TBA) as a TBARS to produce a red-colored complex with a peak
absorbance at 532 nm according to Buege and Aust [21]. Thus, 125
ml of supernatant were homogenised by sonication with 50 ml of
PBS, 125 ml of trichloroacetic acid-butylhydroxytoluene in order to
precipitate proteins and then centrifuged (1000 g, 10 min, 4 °C).
Then, 200 ml of supernatant were mixed with 40 ml of HCI (0.6 M)
and 160 ml of TBA dissolved in Tris and then the mixture was
heated at 80 °C for 10 min. The absorbance of the resultant
supernatant was obtained at 530 nm. The amount of MDA was
calculated using a molar extinction coefficient of 1.56 x 105 M/cm.

Reduced glutathione (GSH) levels

GSH level was estimated using a colorimetric technique, as
mentioned by Jollow et al [22]. This assay is based on the
development of yellow colour when DTNB (5, 5 dithiobis-(2-
nitrobenzoic acid) is added to compounds containing sulfhydryl
groups. In brief, 0.8 ml of liver supernatant was added to 0.3 ml of
0.25% sulfosalicylic acid and then tubes were centrifuged at 2500 x
g for 15 min. Supernatant (0.5 ml) was mixed with 0.025 ml of 0.01
M DTNB and 1 ml phosphate buffer (0.1 M, pH 7.4). The absorbance
at 412 nm was recorded. Finally, total GSH content was expressed as
nmol GSH/mg protein.

Glutathione peroxidase (GPx) activity

Glutathione peroxidase (GPx) (E. C. 1.1.1.1.9) activity was measured
by the procedure of Flohe and Gunzler [23]. Supernatant obtained
after centrifuging 5% liver, kidney, brain and testis homogenate at
15000 x g for 10 min followed by 10.000 x g for 30 min at 4 °C was
used for GPx assay. 1 ml of the reaction mixture was prepared which
contained 0.3 ml of phosphate buffer (0.1 M, pH 7.4), 0.2 ml of GSH
(2 mmol), 0.1 ml of sodium azide (10 mmol), 0.1 H20: (1 mmol) and
0.3 ml of liver supernatant. After incubation at 37 °C for 15 min, the
reaction was terminated by addition of 0.5 ml 5% TCA. Tubes were
centrifuged at 1500 x g for 5 min, and the supernatant was collected.
0.2 ml of phosphate buffer (0.1 M, pH 7.4) and 0.7 ml of DTNB (0.4
mg/ml) were added to 0.1 ml of reaction supernatant. After mixing,
absorbance was recorded at 420 nm.

Protein assay

The protein content of tissues samples was measured by the method
of Bradford [24], using bovine serum albumin as a standard.

Statistical analysis

Data were analysed using the statistical software MINITAB 16.
Statistical analysis between all groups was performed with one-way
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ANOVA followed by Fisher’s LSD (Least Significant Difference) test
to evaluate the significance of differences. All experimental data
were expressed as means#standard deviation (SD). Means that do
not share a letter are significantly different.

Results
Effects of treatments on body, absolute and relative weights

Table 1 shows the body, absolute and relative organ weights (liver,
kidney, brain and testis) of the control and experimental groups. The
significant changes occurred in the experimental groups when compared
with the control. The body weight has increased progressively
throughout the study in all the groups associated with marked growth
retardation of the rats treated by metribuzin although there were no
significant differences between them. A significant increase of Mtz
treated group in relative liver (+25.33%), kidney (+36.73%), brain
(+12.19%) and testis (+9.43%) weights was also recorded when
compared with their respective control rats. However, vanillin
supplementation reserved these changes after 3 w of treatment.

Effects of treatments on plasma haematological parameters

The results of a haematological profile in rats of control and treated
group are presented in table 2. Animals treated with metribuzin had
significant lower RBC count (-17.16%, g0.05 ), Hb (-20.38%,
p<0.02) and HCT (-23.92%, p<0.003) compared to the control group.
The mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH) and mean corpuscular haemoglobin
concentration (MCHC) were not statically significant than that of the
control. Whereas, in rats co-treated with vanillin, there were no
significant changes in haematological parameters when compared
with the control values.

Effects of treatments on plasma biochemical parameters

Data represented in table 3 show that oral treatment with
metribuzin caused significant decrease (-9.03%, p<0.009) in total
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serum protein whilst a significant increase was noted in the level of
glucose, urea, creatinine, bilirubin and cholesterol by (6.76, 43.34,
73.47, 41.96 and 29.17%; respectively) compared to the control
(p<0.0001). In addition, the activities of AST, ALT and ALP were
significantly increased (p<0.006, $0.001 and p<0.0001) in
metribuzin group compared to the control. In contrast, co-
administration of vanillin to metribuzin treated animals restored
most of these biochemical parameters to nearly normal levels.

Effects of treatments on lipid peroxidation

Results showed that metribuzin treatment caused significant
increases of MDA levels (fig. 3, 4, 5 and 6) in all tissue tested, liver
(+19.31%, 1x0.0001), kidney ( +19.13%, 0.007), brain (+20%,
p<0.02) and testis (+19.05%, p<0.003) when compared with their
respective controls. Vanillin administered at 150 mg/kg to rats of
(Mtz+Va) group alleviated lipid peroxidation and modulated
significantly the levels of MDA in liver, kidney, brain and testis.

Effects of treatments on reduced glutathione contents

Data concerning liver, kidney, brain and testis reduced glutathione
contents are presented in fig. 3, 4, 5 and 6. In Mtz group, statistically,
significant differences were observed in liver (-27.43, p<0.0001),
kidney (-17.7%, p<0.0001), brain (-14.59%, p<0.03) and testis (-
22.97, 1£0.02) compared to controls. Administration of vanillin
improved liver, kidney, brain and testis reduced glutathione levels in
(Mtz+Va) group compared to those of Mtz group.

Effects of treatments on glutathione peroxidase activity

Data of glutathione peroxidase activity measured in liver, kidney,
brain and testis are presented in fig. 3, 4, 5 and 6. Administration of
Mtz for 21 consecutive days induced significant decreases in GPX
activity of liver (-34.78%, p<0.0001), kidney (-18.75%, p<0.005),
brain (-21.05, p<0.02) and testis (-16.67%, p<0.001) compared to
the controls. However, co-administration of vanillin with Mtz
ameliorated GPx activity.

Table 1: Effect of metribuzin and its combination with vanillin on body weight, absolute and relative organ (liver, kidney, brain and testis)

Parameters Control Va Mtz Mtz +Va
Initial body weight (g) 266.62+33.36 267.75+31.67 266.37+31.07 270.88+25.56
Final body weight (g) 303.75+27.142 298.38+28.722 275.88+30.552 293.63+29.072
Absolute liver weight (g) 9.09+0.60bc 8.57+1.02¢ 10.60+0.722 9.70+0.51b
Relative liver weight (g) (g/100 g b.w.) 3.00+0.12¢ 2.87%0.14¢ 3.76+0.322 3.32+0.21b
Absolute kidney weight (g) 1.50+0.18¢ 1.52+0.07bc 1.83+0.102 1.63+0.09>
Relative kidney weight (g/100 gb.w.) 0.49+0.03¢ 0.51£0.03¢ 0.67+0.042 0.56+0.03b
Absolute brain weight (g) 1.23+0.082 1.22+0.092 1.26+0.132 1.21+0.042
Relative brain weight (g/100 g b.w.) 0.41£0.05b 0.41+0.02b 0.46+0.082 0.41£0.032b
Absolute testis weight (g) 3.22+0.267 3.20£0.494 3.28+0.36° 3.07£0.152
Relative testis weight (g/100 g b.w.) 1.06+0.08P 1.07+0.09 ab 1.16+0.112 1.03+0.10°

Va: vanillin; Mtz: metribuzin, Values are mean+SD for groups of 8 animals each. #bMeans in a row without a common superscript letter are

significantly different.

Table 2: Effect of metribuzin and its combination with vanillin on red blood cell (RBC), haemoglobin (Hb) concentration, haematocrit
(HCT), mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV) and mean corpuscular haemoglobin concentration

(MCHC)

Parameters Control Va Mtz Mtz +Va
RBC (x 106/ul) 9.15+0.752 9.25+1.132 7.58+2.16b 9.13+0.752
Hb (g/dl) 16.14+1.002 15.86+1.652 12.85+3.95P 15.48+0.982
HCT (%) 45.77+3.422 44.14+3.942 34.82+9.65b 42.91+3.202
MCV () 50.62+4.562 47.75+4.892 46.5+1.932 48.25+6.182
MCH (pg) 17.81+1.112 17.20+0.952 16.85+0.962 17.38+1.302
MCHC (g/dl) 35.31+1.752 35.96+2.552 36.2+2.602 35.66+2.71a

Va: vanillin; Mtz: metribuzin, Values are mean+SD for groups of 8 animals each. *»Means in a row without a common superscript letter are
significantly different. Statistically significantly differences from all the groups: (RBC, p < 0.05); (Hb, p< 0.02); (HCT, p< 0.003).
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Fig. 3: Effect of metribuzin (Mtz) and its combination with vanillin (Va) on liver TBARS (nanomoles of MDA per milligramme of protein), reduced
glutathione (nanomoles per milligramme of protein) and glutathione peroxidase activity. Values are given as mean+SD for groups of 8 animals
each. #b<Means that do not share the same letter are significantly different. Significantly differences from all the groups: (MDA, GSH and GPx; p <

0.0001). TBARS: thiobarbituric acid reactive substances; MDA: malondialdehyde
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Fig. 4: Effect of metribuzin (Mtz) and its combination with vanillin (Va) on kidney TBARS (nanomoles of MDA per milligramme of protein),
reduced glutathione (nanomoles per milligramme of protein) and glutathione peroxidase activity. Values are given as mean=SD for groups of 8
animals each. 2®Means that do not share the same letter are significantly different. Significantly differences from all the groups: (MDA,p 0.007)s
(GSH, p £0.0001); (GPx, p <0.005). TBARS: thiobarbituric acid reactive substances; MDA: malondialdehyde

0. - (a) () (a) 0.3 1
o (h 90,00 a (a)
B 080 ) (b) s ~ (1D E L (a) @)
a T o
o U0} r 2 om0 E
E el l @ v E
« g 60.00 ]
£ 2
o o = 5000 ]
s 0401 £ 00 2

=
£ < 3000 g
- T
2 o G 2w vl
g ol 1000 &
T ol s o
" Wi iz Wiz +Va me mva iz iz va aC w/a wlitz whiiz +Va
Treatment Treatment

Treatment

Fig. 5: Effect of metribuzin (Mtz) and its combination with vanillin (Va) on brain TBARS (nanomoles of MDA per milligramme of protein),
reduced glutathione (nanomoles per milligramme of protein) and glutathione peroxidase activity. Values are given as mean*SD for
groups of 8 animals each. 2PMeans that do not share the same letter are significantly different. Significantly differences from all the
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Fig. 6: Effect of metribuzin (Mtz) and its combination with vanillin (Va) on testis TBARS (nanomoles of MDA per milligram of protein),
reduced glutathione (nanomoles per milligram of protein) and glutathione peroxidase activity. Values are given as meanzSD for groups of
8 animals each. #»<Means that do not share the same letter are significantly different. Significantly differences from all the groups: (MDA,
p< 0.003); (GSH, p=< 0.02); (GPx, p< 0.001). TBARS: thiobarbituric acid reactive substances; MDA: malondialdehyde
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Table 3: Effect of metribuzin and its combination with vanillin on plasma glucose, total protein, bilirubin, blood urea, creatinine,
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP)

Parameters Control Va Mtz Mtz +Va
Glucose (mg/dl) 107.25+6.09b¢ 104.63+4.14¢ 114.5+2.202 109.88+2.90°
Urea (mg/dl) 39.5+6.70b 37.63+4.24b 56.62+7.592 42.38+4.07>
Creatinine (mg/dl) 0.49+0.08b 0.44+0.12b 0.85+0.102 0.52+0.11b
Cholesterol (g/1) 0.96+0.13bec 0.94+0.12¢ 1.24+0.182 1.10+0.11b
Triglycerides (g/1) 0.95+0.08b 0.91+0.13b 1.12+0.092 0.98+0.13b
Total protein (g/1) 71.75+4.122 72.23+3.362 65.27+5.41b 70.07+3.442
Total bilirubin (mg/1) 5.10+0.60V 4.92+0.31b 7.24t0.912 5.43+0.79b
AST (U/D) 79.62+5.83b 82.12+7.94b 90.87+4.852 83.00+5.29 "
ALT (U/]) 31.37+4.93¢ 34.62+4.66bc 44.1247.642 38.00+4.75b
ALP (U/D) 145.1249.33b 146.75+11.11> 224.62+49.142 160.25+6.71P

Va: vanillin; Mtz: metribuzin, Values are mean=SD for groups of 8 animals each. @#><Means in a row without a common superscript letter are
significantly different. Statistically significantly differences from all the groups: (glucose, urea, creatinine, cholesterol, bilirubin; p < 0.0001); (total
protein, p< 0.009); (triglycerides, p<0.004); (AST, p< 0.006); (ALT, p< 0.001); (ALP, p< 0.0001).

DISCUSSION

In the present study, the protective effect of vanillin against
hematotoxicity, biochemical toxicity and oxidative damage induced
by sub-acute exposure to metribuzin was undertaken.

After 21 d, main hematological response of rats to the sub-acute
exposure of metribuzin was a decrease of RBCs, Hb and HCT values
compared to the control group. The decrease in Hb concentration
and RBCs count observed in this study may be due to the effect of
pesticides on erythropiotic tissue. The poisoning by pesticide
residues causes anemia which come from reducing Hb biosynthesis
and shortening the life span of circulating erythrocytes [25]. The
reduced Hb synthesis may be responsible for decreased erythrocytic
counts resulting in decline of heamtocrit values [26]. Similar changes
in the haematocrit value, haemoglobin and erythrocyte counts were
also reported by Velisek et al [7] in fish following the acute
poisoning with metribuzin.

Furthermore, treatment of rats with vanillin and metribuzin showed
protective effects on haematological parameters. Corroborating with
these results, the protective effects of other plant extracts against
pesticide-induced hematotoxicity have been reported. For example,
green tea protection against malathion-induced alteration of
haematological parameters in rats was demonstrated in a study by
Elzoghby et al. [9]. Dutta et al. [27] found that seed extract of
Pterocarpus santalinus exerted beneficial effects.

Besides this, metribuzin exposure also brings some changes in the
blood parameters. The results of our experimental study showed an
increase in blood glucose levels after administration of metribuzin.
The progressive accumulation of blood glucose revealed that rats
exposed to Mtz became hyperglycemic which is in agreement with
the findings of Chiali et al. [6] and Velisek et al. [7] who reported
similar hyperglycemia in rat and fish treated with metribuzin. The
rise in blood glucose produced by pesticides may indicate disrupted
carbohydrate metabolism due to enhanced breakdown of liver
glycogen, possibly mediated by increase in adrenocorticotrophic and
glucagon hormones and/or reduced insulin activity [26].

While, vanillin supplementation effectively reduced the levels of
blood glucose increased by Mtz exposure. As there are no scientific
studies on its hypoglycemic activity, this case may be related to the
biological effects of vanillin which are mainly attributed to the
phenolic structure of such compound [18].

Plasma levels of urea and creatinine are important biomarkers of
renal function in human and animal studies. An increase in the levels
of these substances in the plasma is an indication of the loss of renal
function [28]. Data from this study indicate that Mtz caused a
significant increase in plasma urea and creatinine. This elevation
may be due to kidneys damage caused by metribuzin. Also, Chiali et
al. [6] reported that metribuzin can alter plasma urea and creatinine
levels due to renal failure. Besides, similar observations have been
reported in previous study following exposure to other pesticides
[29, 30]. Many pesticides can cause some toxic and adverse effects

on the kidney tissues [9]. Therefore, the impairment in kidney
function could probably occur via kidney oxidative damage [30].

However, in group treated by metribuzin plus vanillin there was a
significant decrease of them when compared with metribuzin group.
These results indicate that vanillin displays a remarkable protective
effect on Mtz-induced renal damage which may be due to its
antioxidant properties. So, a number of extracts of natural products
and dietary antioxidants have been reported to show protective
effects against nephrotoxicity. Overall, the findings suggest that the
antioxidant properties of these compounds contribute significantly
to its nephroprotective effect [31].

On the other hand, results from the serum lipid status of rats treated
with Mtz showed significantly increased concentrations of serum
cholesterol and triglyceride levels. Accordingly, El-Demerdasha and
Nasr [32] also reported that pesticide increased plasma triglyceride
levels which were attributed to an inhibition of the lipase activity of
both the hepatic triglycerides and plasma lipoproteins. In addition,
the increase in the level of serum cholesterol may be due to an
increased cholesterol synthesis in the liver or it may be a sign of
liver damage that can be attributed to the effect of pesticides on the
permeability of liver cell membrane [32].

Interestingly, the observed results show that treatment of rats with
vanillin caused apparent normalization in the total cholesterol and
triglycerides levels. This is in accordance with the previous study
where vanillin presented the reduction of cholesterol and
triglyceride in the high-fat diet fed induced hyperlipidemic rats [33].

The activities of ALT, AST and ALP enzymes are the most sensitive
biomarkers directly implicated in the extent of hepatic damage and
toxicity [34]. In our findings, we demonstrated that Mtz
administrated to rats provoked a marked elevation in serum AST,
ALT and ALP activities which indicating hepatocellular damage as
previously reported by Sief et al. [30] and Khalil et al. [35]. This
elevation could potentially be attributed to the release of these
enzymes from the cytoplasm into the blood circulation, indicating a
necrosis and inflammatory reactions [34]. Regarding to total serum
protein is the majority of serum proteins which are synthesized in
the liver, so used as an indicator of liver impairment [9]. In the
present work the rats administered metribuzin orally showed
significant reduction in total protein which may be due to
disturbance in protein synthesis in the liver due to hepatocytes
dysfunction [9]. Also, the increase in serum total bilirubin of Mtz-
treated rats may result from decreased liver uptake, conjugation or
increased bilirubin production from hemolysis [32].

Moreover, these adverse effects were significantly attenuated by
vanillin in the treatment group which indicated a prominent
hepatoprotective effect of Va against metribuzin toxicity. In another
study, the hepatoprotective effects by vanillin against CC14-induced
liver damage were examined in male wistar albino rats [14]. It has
been indicated that vanilin had significant anti-hepatotoxic activity
and reducing the elevated levels of serum enzymes such as AST and
ALT. Also, Makeni et al. [14] suggest that the hepatoprotective
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mechanisms of vanillin could be attributed to the inhibition of
inflammatory response in the liver.

Oxidative damage primarily occurs through production of reactive
oxygen species including hydroxyl radicals and hydrogen peroxide
that are generated during the reaction and react with biological
molecules, eventually damaging membranes and other tissues [36].
Lipid peroxidation is a chemical mechanism capable of disrupting
the structure and the function of the biological membranes that
occurs as a result of free radical attack on lipids which was usually
reflected by levels of MDA [37]. Therefore, it has used as biomarkers
of pesticides induced oxidative stress and suggested as one of the
molecular mechanisms involved in pesticides-induced toxicity [38].
From the other side, GSH is an important naturally occurring
antioxidant which prevents free radical damage and helps
detoxification by conjugating with chemicals. Also, it is central to the
cellular antioxidant defences and acts as an essential cofactor for
antioxidant enzymes including GPx [39].

The results of the present study indicated that sub-acute exposure to
metribuzin induced oxidative stress in all tissues tested, as evidenced by
elevated MDA levels, reduced GSH contents and decreased GPx activities.
All these findings lead to the conclusion that the oxidative stress due to
metribuzin may be ascribed to the induction of ROS production as
evidenced by increased LPO levels, resulting in the depletion of GSH
contents that could be the cause of decreased activity of GPx. These
results were in line with previous studies which have shown that
exposure to pesticide generates lipid peroxidation and alters the
antioxidant status of several tissues in rats [38, 40, 41].

Moreover, a reduction in the oxidative damage was observed in
metribuzin-vanillin group with elevation in the level of GSH and
enzymatic antioxidant (GPx). This improvement may have resulted
from vanillin provided a significant recovery in the level of ROS in
metribuzin exposed animals in tissues. Indeed, vanillin presents
different functional groups including the phenolic group. The
antioxidant activity of phenols is attributed to their ability to
scavenge free radicals [19]. So, like other polyphenols of its genre
vanillin is a very potent free radical scavenger with ability for direct
and specific scavenging of free radicals [42].

CONCLUSION

Our in vivo data shows that Va can be effectively used for application
to overcome the oxidative damage induced by pesticide. Generally,
vanillin presented ameliorative effect as rats receiving this phenolic
in addition to metribuzin. Vanillin minimized the toxicity induced by
metribuzin and its protective effect against oxidative damage could
be explained by its antioxidant properties. Further studies on
different animal and human models are essential to ensure the
beneficial effects of vanillin. In addition, our findings show that Mtz
may induce oxidative stress in some tissues and future histological
studies are needed to confirm this finding.
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