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These data confirmed the pro-oxidant and genotoxic effects of this fungicide.

\ {(ey words: Thiophanate-methyl; Genotoxicity; Rat; Oxidative stress.

Abstract: The aim of this study was to elucidate the redox effects of Thiophanate methyl (MT) in the rat liver and kidney. Our results showed, after 3 days of |
MT injection (700 mg/kg), an increase in malondialdehyde (MDA), hydrogen peroxide and advanced oxidation protein products levels. Glutathione peroxidase and
superoxide dismutase activities were also remarkably increased in the liver but decrease in the kidney. Glutathione and vitamin C values were significantly reduced.
The changes in biochemical parameters were substantiated by histological and molecular data. A smear without ladder formation on agarose gel was shown, indi-
cating random DNA degradation in the liver and the kidney of MT treated rats. The increase in cyclooxygenase-2 gene expression, marker of inflammation, and an

increase in genes expression of glutathione peroxidase and superoxide dismutase in liver and their decrease in the kidney were also occurred after MT exposure.
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Introduction

Environmental pollution plays a crucial role in the
occurrence of diseases affecting plants, animals and hu-
man beings. The main factor causing environment pollu-
tion is the irrational use of pesticides (1, 2). Large-scale
and indiscriminate application of these agrochemicals
pose human health risks, on especially in developing
countries, where the pesticide users are often ill-trained
and devoid of appropriate protective devices. The as-
sociated health hazards are further extended to those
exposed occupationally or inadvertently.

Various pesticides stresses, among Methyl thiophan-
ate (MT) which, may cause oxidative stress. The latter
is a broad spectrum fungicide widely used for control
of some important fungal diseases of crops (3, 4). This
compound is a systemic fungicide affecting the cell di-
vision mechanism by inhibiting fungal DNA synthesis
(5). MT is a benzimidazole class of fungicide, known as
“likely to be carcinogenic to humans” by Environmen-
tal Protection Agency carcinogen risk assessment guide-
lines (6). Being a category-III acute inhalation toxicant,
it has been reported to exhibit a dose-related increase in
the incidence of follicular and hepatocellular adenomas
in male and female F344 rats. It has also been shown to
cause skin papilloma at 75 ppm, pituitary adenoma at
200 ppm in male rats and mammary gland fibro-adeno-

ma in female rats at 1200 ppm (7). Besides to the chang-
es shown in cells, MT has been reported to inhibit some
metabolizing enzymes, including cytochrome-P450
modulation (8) and affect biological cell activities such
as ATP synthesis, signaling, regulation of biosynthetic
and catabolic reactions, transport of metabolites and
ions (9), due to alteration in the structural and functional
integrity of proteins associated with plasma membranes
and intracellular organelles membranes. Therefore, it
is speculated that the actual risk of genotoxicity from
this fungicide might be appreciably higher than that pre-
dicted from conventional toxicity tests, as reported by
Bolognesi (10) for other pesticides. Furthermore, it was
demonstrated that the highest residual levels of MT was
occurred in the liver, thyroid, and kidneys (11) and its
elimination was rapid, with more than 90% in the urine
and feces within 24 h of administration. Moreover, there
were several possible routes of metabolism and one of
which was via carbendazim. The major urinary metabo-
lite was 5-hydroxycarbendazim sulphate. Since the liver
and kidney are metabolically active and the main sites
of xenobiotic detoxification, including MT compounds,
they are considered, consequently, to be powerful reac-
tive oxygen species (ROS) generators (12).

Up to now, the mechanism of the oxidative stress
and DNA damage in detoxifying organ, caused by MT,
remains understood. The genotoxic effect may be ex-
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plained by DNA bases modified by oxidation which
disturbs the balance between lesion inductions from
free radical processes and repair effects. In fact, the first
frontier of cellular defense against DNA damage con-
sists on endogenous non-enzymatic radical scavengers
such as glutathione (GSH), vitamins C and E and anti-
oxidant enzymes like superoxide dismutase (SOD), cat-
alase (CAT) and glutathione peroxidase (GPx) as well
as sophisticated and highly specified DNA repair path-
ways. This hypothesis needs further necessary studies
in animal models to determine mechanisms by which
MT induced liver and kidney cyto- and geno-toxicities
and this motivated us to analyze plasma biochemical
markers, oxidative stress parameters, histopathological
examination and genotoxicity as monitored by genes
expression and DNA degradation in liver and kidney of
adult rats treated by 700 mg/kg bw of MT during 3 days.

Materials and Methods

Animals and experimental design

Wistar male rats weighing 170+£10g, obtained from
the Central Pharmacy (SIPHAT, Tunisia), were housed
in plastic cages in an acclimate-controlled facility with
a constant light dark cycle at a temperature of 22°C + 2
and humidity of 40%.

In our experimental study, we chose the up and down
method designed to estimate the LD50 in rats. MT dis-
solved in corn oil was i.p. injected at several doses 300,
500, 700, 1000, 1200 and 1400 mg/kg bw (Table 1).
LD50 value was determined from cumulative mortality
observed 48 h after the injection, although the observa-
tion period was prolonged until 14 days.

Once LD50 of MT was evaluated (1000 mg/kg bw),
rats were divided at random into two groups of 8 ani-
mals each: rats of group 1 (control group) received daily
oil corn injection as vehicle and served as negative con-
trols; group 2 (treated A) received daily by i.p injection
700 mg/kg bw of MT.

The experimental procedures were carried out ac-
cording to the Natural Health Institute of Health Guide-
lines for Animal Care and approved by the Ethical Com-
mittee of Sfax Sciences Faculty. All animal procedures
were conducted in strict conformity with the "Institute
ethical committee guidelines" for the Care and Use of
laboratory animals.

Blood and organ preparation

At the end of experiment (3 days), blood samples
were collected in heparined tubes. Plasma was separat-
ed from blood by centrifugation (4000 x g for 10 min).
Liver and kidney were quickly removed, cleaned from

their adhering tissues. Some of them were used for bio-
chemical and molecular analysis. 300 mg of each organ
were homogenized in an appropriate phosphate buffer
saline (100 mM Na HPO,/NaH,PO,, pH 7.4) with an
Ultra Turrax homogeniser in ice-cold and centrifuged at
10.000 x g for 15 min at 4°C. The resulting supernatants
were used for various biochemical assays. The other
ones were immediately fixed in 10 % buffered formalin
solution for histological studies.

Biochemical assays
Protein quantification

Protein contents of liver and kidney were measured
according to the method of Lowry et al. (13) using bo-
vine serum albumin as standard.

MDA measurement

The MDA concentrations, index of lipid peroxida-
tion (LPO), were determined spectrophotometrically
according to Draper and Hadley (14). The MDA values
were calculated using 1,1,3,3-tetracthoxypropane as
standard and expressed as nmoles of MDA/g of liver
and kidney.

Measurement of hydrogen peroxide (H,0))

Measurement of H,O, was carried out by the ferrous
ion oxidation xylenol orange (FOX|) method (15). The
amount of H O, in the supernatant was determined us-
ing a spectrophotometer at 560 nm. H,O, levels were
expressed as pmoles/mg protein.

Determination of Advanced oxidation protein product
(AOPP) levels

AOPP levels were determined according to the meth-
od of Kayali et al. (16). The concentration of AOPP for
each sample was calculated using the extinction coef-
ficient of 261 cm™ mM™ and the results were expressed
as umoles/mg protein.

Antioxidant engyme activities determination

* SOD activity was estimated according to Beau-
champ and Fridovich (17). Units of SOD activity were
expressed as the amount of enzyme required to inhibit
the reduction of NBT by 50% and the activity was ex-
pressed as units/mg of protein.

* GPx activity was measured according to Flohe and
Gunzler (18). The enzyme activity was expressed as
nmoles of GSH oxidized/min/mg protein.

Liver and kidney GSH levels
Liver and kidney GSH contents were measured at
412 nm using the method of Ellman et al. (19) modified

Table 1. Cumulative mortality and clinical signs observed after different dose of thiophanate methyl (MT) and different times.

Groups Dose levels Mortality Time of death (hours) Clinical signs

1 300 0/6 - Mild tremor

2 500 1/6 48h Mild tremor

3 700 2/6 36h Hypoactivity, polyuria, tremor
4 800 2/6 24h Depression, tremor and dyspnea.
5 1000 3/6 24h Depression, tremor and dyspnea.
6 1200 4/6 5-6 convulsions

7 1400 6/6 2-3 convulsions
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by Jollow et al. (20). Total GSH levels in liver and kid-
ney were expressed as pg/g tissue.

Vitamin C determination

Vitamin C determination was performed as described
by Jacques-Silva et al. (21). The data were expressed as
umoles ascorbic acid/mg protein.

DNA fragmentation analysis

The extent of DNA fragmentation in liver and kid-
ney tissues was determined by the method described
by Kanno et al. (22). The liver and kidney tissues were
lysed by adding lysis buffer (1 % IGEPAL CA-630
in 20mM EDTA, 50 mM Tris—HCI, pH 7.5) and 1 %
SDS. They were then digested for 3 h with proteinase
K (final concentration 100 pg/ml) at 56 °C. DNA was
purified with an equal volume of tris-saturated phenol/
chloroform/isoamyl alcohol (25:24:1), incubated on ice
for 15 min and centrifuged at 10.000 xg at 4 °C. The
clear supernatant containing DNA was transferred to
another tube and mixed. Saturated sodium acetate was
added with the same volume of ice-cold isopropanol.
The precipitated DNA was separated by centrifugation.
It was washed twice with ethyl alcohol (70 %) finally
dissolved in 100 ml of Tris EDTA buffer (10 mM Tris, 1
mM EDTA, pH 8). The suspended DNA was incubated
with RNase A for 60 min at 37 °C in a water bath. DNA
samples (10 mg of DNA/lane) were kept at 80 V for
1 h on 0.8 % agarose gel in Tris-acetate-EDTA buffer,
containing 0.5mg/ml of ethidium bromide. The gel was
observed under an ultraviolet lamp and photographed.

Total RNA extraction from liver and kidney tissues

Several samples of liver and kidney were collected
from both treated (700mg/Kg bw) and control rats. Total
mRNAs were isolated from 100 mg of each tissue sam-
ple (stored at -80°C before RNA extraction) using the
single step guanidine isothiocyanate-phenol-chloroform
isolation method as described by Chamczynski and Sac-
chi(23).

RT-PCR and cDNA synthesis

The cDNA was produced from 2 mg of total mRNA
by reverse transcription with MMLv reverse tran-
scriptase using oligo (dT) as a primer in a total vol-
ume of 20 pL. Oligo (dT) primed first-strand cDNA
was prepared from kidney RNA using MMLv reverse
transcriptase at 37°C for 60 min. PCR was performed
with gene-specific primers using Taq DNA polymer-
ase. SOD, GPx and COX primer pairs were designed to
produce overlapping fragments. The following cycling
conditions were used: initial denaturation at 95°C for 5
min followed by denaturation at 95°C, annealing from
65°C and extension at 72°C for 1 min. Expression of the
housekeeping gene glyceraldehyde 3-phosphate dehy-
drogenase served as the control. The number of ampli-
fication cycles was determined using individual primer
sets to maintain exponential product amplification (30—
35 cycles). The amplified PCR products were separated
by electrophoresis through 1-1.5% agarose gel. Bands
of cDNA were stained with ethidium bromide and visu-
alized by ultraviolet illumination. The primers used for
each gene were: SOD Forward : 5°---- ATG GCG ATG
AAG GCC GTG TGC----3"/ Reverse: 5’---- TTATTG

GGC AAT CCC AAT CAC----3° GPx Forward : 5°----
ATG TCT GCT GCT CGG CTC TCC----3" / Reverse:
5’--—-TTA GGG GTT GCT AGG CTG CTT----3’ COX2
Forward : 5’----ATG CTC TTC CGA GCT GTG CTG-
---3’ / Reverse: 5’----TTA CAG CTC AGT TGA ACG
CCT ----3° GAPDH Forward: 5'----CCT CTC TCT
TGC TCT CAG TAT----3' / Reverse: 5'----GTA TCC
GTT GTG GAT CTG ACA----3'

Plasma biochemical markers

Plasma levels of creatinine, uric acid, urea, biliru-
bin, aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) were measured by colorimetric
methods using commercial reagent kits (Ref: 20151,
20091, 20143, 20102, 20042, and 20046) respectively,
purchased from Biomaghreb (Ariana. Tunis. Tunisia).

Histological studies

For histological studies, some portions of liver and
kidney tissues were fixed for 48 h in 10 % of buffered
formalin solution, dehydrated in an ascending graded
series of ethanol, cleared in toluene, and embedded in
paraffin. Sections of 5-6 um thickness were made by
using a rotary microtome and stained with hematoxylin
and eosin (H&E) for microscopic observations (24). Six
slides were prepared from each organ. All sections were
evaluated for the degree of injury.

Statistical analysis

Values of each parameter are expressed as the mean
+ standard deviation (x+ SD). Duncan’s multiple range
tests provided mean comparisons with the level of sta-
tistical significance set at P < 0.05. Statistical analyses
were performed using SPSS for Windows (Version
17.0).

Results

LDS50 value in acute toxicity study by intraperitoneal
way

We have adopted the up and down method for the
evaluation of i.p. LD50 value of MT in male rats, in
order to establish adequate doses of MT to investigate
their effects on different organs in this specie. In our
study, cumulative mortality was observed during 24, 48
h and even 14 days and shown in table 1. The death time
oscillated between 2 h with the highest dose and 48 h for
700 mg/kg bw. From the i.p. way was estimated to be
value of MT by i.p. way was estimated to be 1000 mg/
kg bw. Clinical signs were registered.

General characteristics of control and MT-treated
rats

Food and water consumption by MT treated rats
were reduced by 119% and 169%, respectively. Treat-
ment with MT affected also organ weights (Table 2).
Our results demonstrated an increase in mean liver
weight (+53.7%) of the treated group and a decrease in
kidney weight (-42.3 %) of treated rats.

Estimation of LPO, H,O, and AOPP levels

Our results revealed an increase of LPO, ROS pro-
duction and protein oxidation in the liver and kidney
of the MT-treated group as evidenced by the enhanced
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Table 2. Morphological parameters, food and water intakes by control and thiophanate methy (MT) treated rats®.

Parameters & Absolute liver weight Absolute kidney weight Food intake Water intake
treatments (g (g) (g/day/rat) (mL/day/rat)
Controls 6.01+1.14° 1.30+0.33° 20.03+0.07° 28.28+ 3.66°
MT (700 mg/kg bw) 9.24+1.23% 0.75+0.06° 9.14+£2.32° 10.51 £2.58%
t 5.255 7.654 27.18 35.77
p 0.013 0.0013 <0.001 <0.001

# Means not sharing the same letters within a raw are significantly different (p < 0.05).Values were expressed as means + S.D for eight animals in
each group. Comparisons were made between two groups: treated with MT versus control group.

Table 3. Liver and Kidney Malondialdehyde (MDA), hydrogen peroxide (H,0,) and Advanced oxidation protein product (AOPP) levels

in controls and treated with thiophanate methyl (MT) during 3 days®.

Parameters & treatments Malondialdehyde 1,0, AOPP
(nmoles of MDA/g tissue) (pmoles/mg protein) (nmoles/mg protein)

Control 49.67 £2.75° 0.32 £0.11° 0.40 £0.12°

Liver MT (700 mg/kg bw) 72.76 +£8.80° 0.67 £0.01* 0.66+0.02 *
T -6.629 -18.18 -35.15
P 0.011 0.0015 <0.001

Control 20.15 £3.14° 0.13 +£0.08° 0.23 +£0.30°

Kidne MT(700 mg/kg bw) 46.57 £2.63° 0.34+ 0.04* 0.52+0.07°
T -89.72 -8.59 -14.72
P <0.001 0.0066 0.0023

* Means not sharing the same letters within a raw are significantly different (p < 0.05).Values were expressed as means = S.D for eight

animals in each group. Comparisons were made between two groups: treated with MT versus control group.

MDA (+46%; +126%), H,O, (+109 %; +161%) and
AOPP (+ 56%; +126%) levels in treated rats when com-
pared to controls (Table 3).

Enzymatic and non-enzymatic antioxidant status

GPx and SOD activities increased significantly in
the liver and decreased in the kidney homogenates of
MT group when compared to those of controls (Table
4).

A significant decrease in liver and kidney GSH and
vitamin C values was evident in the MT group com-
pared to these of controls (Table 4).

Plasma biomarkers levels
Compared to the controls plasma bilirubin, AST and

ALT levels in MT-treated rats were increased (p<0.001),
indicating hepatotoxicity induced by MT (Table 5).

Our results also showed a constellation of disorders
in the renal function of the MT-treated rats. In fact,
Creatinine and urea levels were higher (p=0.025) than
those of controls (Table 5). Uric acid levels were lower
(p=0.005) in plasma of the MT-treated group than those
of controls (Table 5).

Effects on the DNA fragmentation

As shown in Figure 1 smear (hallmark of necrosis)
without ladder formation on agarose gel, indicating ran-
dom DNA degradation, was observed in the liver and
kidney of the MT-treated rats (700 mg/Kg bw) when
compared with controls.

Table 4. Liver and Kidney superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities, glutathione (GSH) and vitamin C levels in

control and treated rats with thiophanate methyl (MT) during 3 days®.

Parameters & treatments SOD GPx GSH Vitamin C
(units/mg protein) (nmoles of GSH/min/mg protein) (ng/g tissue) (nmol/g tissue)
Control 12.94 £3.54° 10.45 £1.35° 55.40 £3.33¢ 184.97 £39.04°
. MT group 23.41+4.84 @ 17.06 £1.942 27.99 4.31° 71.68 £11.11°
Liver T 25.16 -5.55 48.44 497
P <0.001 0.015 <0.001 0.02
Control 24.58 £3.44* 3.32 +£0.50* 19.80 +4.40° 137.44 £15.70°
Kidney
MT group 13.21£2.43° 1.56+ 0.24° 8.89+2.63° 78.314+22.07°
T -19.49 -11.085 -10.67 -16.024
P 0.0013 0.004 0.0043 0.0019

* Means not sharing the same letters within a raw are significantly different (p < 0.05). Values were expressed as means + S.D for eight animals in
each group. Comparisons were made between two groups: treated with MT versus control group.
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Table 5. Effects of thiophanate methyl (MT) on plasma biomarkers of liver and kidney function .

Parameters & amiﬁﬁg‘z:::fteerase aminﬁlfzggferase Bilirubin Creatinine Urea Uric acid
treatments i U (mg/L) (mmol/L) (mmol/L) (mg/L)
Control 66.5+6.64° 36.16+£9.36° 0.20+£0.01°  20.51+2.16°  7.01£0.23° 253.17+45.02°
MT (700 mg/kg) 112.29+6.39° 72.18+9.73% 0.47+0.03*  30.50+0.93*  13.80+1.51° 152.92+26.21°
T -317.24 -168.61 -30.99 -14.06 -9.512 9.23
P <0.001 <0.001 <0.001 0.0025 0.005 0.0057

* Means not sharing the same letters within a raw are significantly different (p < 0.05).Values were expressed as means + S.D for eight animals in
each group. Comparisons were made between two groups: treated with MT versus control group.

A B
T2

—
[

Figure 1. Agarose gel electrophoresis of DNA fragmentation from
liver (A) and kidney (B) of control and MT-treated rats. A: Lane
1; control group, lane 2; MT group. B: Lane 1; control group, lane
2; MT group.

Effects of MT treatment on the SOD, GPx and COX,
mRNA levels

Antioxidant defences such as SOD and GPx are in-
volved to counteract the toxicity of ROS. Under normal
conditions these antioxidants protect the cells and tis-
sues from oxidative damage. Our data revealed that MT
provoked a significant increase in SOD and GPx mRNA
levels in the liver and no significant changes in kidney
of treated rats compared to those of controls (figure 2).

COX, is expressed constitutively in most cells,
whereas the inducible COX, form is usually expressed
in response to various inflammatory stimuli. Figure 2
showed results of RT-PCR for COX, mRNA expres-
sion. Variation of the expression level for this enzyme in
liver and kidney associated with MT treatment was ex-
amined to establish possible gene co-regulation. COX,
was slightly expressed in the liver and kidney of MT
treated rats as compared to those of controls. No detect-
able amount of COX, mRNA expression was shown in
controls.

Histopathological studies

In the MT-treated rats, liver and kidney histological
pictures showed numerous abnormalities (Figure 3).
Light microscopic examination indicated a liver normal
structure in controls (Figure 3A), showing a normal cel-
lular architecture with distinct hepatic cells, sinusoidal
spaces, and a central vein. While with MT treatment,
severe histopathological changes were observed (Fig-
ure 3B, and 3B,). MT caused necrosis, hemorrhages,
the infiltration of inflammatory leucocyte cells and
hepatocyte vacuolization. Kidney exhibited a vascular
congestion inside glomeruli and hemorrhages between
tubules (Figure 4B). The infiltration of leukocytes cells

SOD GPx COXz
MT c
e el- [

Figure 2. Analysis by RT-PCR of mRNA levels of SOD, GPX and
COX , in the liver and the kidney. The RT-PCR was performed on
mRNA extracted from liver and kidney of rats treated with 700mg/
kg of MT and controls (C).

Figure 3. Liver histological sections of adult rats: controls (A)
and MT-treated (B1 and B2). Arrows indicate: X infiltration of

mononuclear cells, & necrosis, —> hemorrhages cv: central

venous.

occurred particularly between tubules in the M T-treated
rats (Figure 4B). Furthermore, convoluted tubules were
dilated showing vacuoles formation, indicating the be-
ginning of a necrosis step.

Discussion

Little information is available on MT induced liver
and kidney oxidative damage. In the present study, we
evaluated the pro-oxidant effects of MT on liver and kid-
ney of adult rats administered by i.p way at a dose 700
mg/kg b.w, since the mechanism of its toxicity remains
understood. In the current study, the single injection of
MT at 700 mg/kg bw in adult rats greatly affected the
kidney and liver weights. This could be attributed to the
toxicity of the pesticide.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 2
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Figure 4. kidney histological sections of adult rats: controls (A)
and MT-treated (B). T: tubules, G: glomeruli. Arrows indicate:
C—sntra-glomeruli hemorrhage, — hemorrhage between tubules
=< infiltration of mononuclear cells, & necrosis.

Cell memhranes

1

Lipid peroxidation

U@ ROS production

Oxidative stress

Alteration of antioxidant enzymes activities

L

Alteration of COX, gene expression, marker
of inflammation

d

Protein oxidation

|

Nephrotoxicity
Hepatotoxicity

Oxidative damage and distruption of genes
enzyme expression

N

Figure 5. The different level of MT mechanism of action on liver
and renal cell metabolism, cellular redox, gene expression and

ROS production.

Administration of MT at 700 mg/kg b.w led also to
oxidative stress generation in the liver and kidney, with
an increase in the levels of MDA levels. The higher lev-
el of MDA in the kidney (+56%) might also be related
to its more pronounced mitochondria activity compared
to the liver (+32%), as explained by Hulbert et al. (25).
Furthermore, the high amount of MDA in the kidney
might also be due to its involvement in MDA excretion
(26). These results indicated MT pro-oxidant effect al-
tering cells membrane integrity and its fluidity.

Generally xenobiotics, such as pesticides, are known
to cause oxidative stress through the generation of ROS
and can alter the antioxidants or free oxygen radicals
scavenging enzyme systems (27). The novelty brought
by our study was that MT generated liver and kidney
oxygen radical production like H,O,, suggesting the
dysfunction of the mitochondrial respiratory chain. The
latter has been associated with a peroxide production
increase in cells causing LPO, DNA damage and protein
oxidation (9, 27, 28). Thus, oxidative protein damage
may be one of the most putative mechanisms of MT in-
duced toxicity.

Oxidative stress, caused by the imbalance between
ROS and biological antioxidant systems, can lead to
modifications of macromolecules such as proteins, li-
pids, and DNA (29, 30, 31). Because the redox status

(oxidizing/reducing conditions) of cells is involved in
regulating various transcription factors/activators (e.g.,
activator protein 1 (AP-1), nuclear factor-xB (NF-xB),
and p53), thereby influencing cellular target gene ex-
pression and modulating cellular signaling pathways,
appropriate ROS levels are necessary for normal physi-
ological function of living organisms (32). When, redox-
active species are in excess, they may cause DNA dam-
age, repress the activity of cellular enzymes, and induce
genotoxicity and cell death (33, 34, 35). In the current
study, agarose gel electrophoresis showed undetectable
DNA laddering (DNA fragmentation) in the liver and
kidney of the control rats. The DNA intact band ap-
peared to be condensed near the application point with
no DNA smearing, suggesting no DNA fragmentation,
while MT-treatment resulted in massive DNA fragmen-
tations with a subsequent formation of a DNA smear on
agarose gel, a hallmark feature of necrosis, confirming
MT-induced genotoxicity.

Oxidative stress refers to disrupt redox equilibrium
between the free radicals production and the ability of
cells to protect against damage caused by these species.
Defense against oxidative stress is maintained by using
several mechanisms including antioxidant machinery
(36). Among the antioxidant enzymes, SOD, CAT, GPx
and GST are the first line of defense against oxidative
injury. SOD is the primary step of the defense mecha-
nism in the antioxidant system against oxidative stress
by catalyzing the dismutation of superoxide radicals
(O,) into molecular oxygen (O,) and H,0,(37). H,O, is
neutralized by the combined action of CAT and GPx in
all vertebrates (38, 39). These enzymes act in coordina-
tion and the cells may be pushed to oxidative stress state
if any change occurs in the levels of enzymes. GPx is
the general name of an enzyme family with peroxidises
activity whose main biological role is to protect the or-
ganism from oxidative damage. The biological function
of GPx is to reduce lipid hydroperoxides conversion to
their corresponding alcohols and free H,O, reaction (40).
In the current study, SOD and GPx activities signifi-
cantly increased in the liver and decreased in the kidney
after MT treatment, indicating free radicals production
exceeded the capacity of detoxification mechanisms.
Interestingly, we have proved, in the present work that
MT impaired the transcript coding for the antioxidant
enzymes SOD and GPx. Our results suggested that ROS
were induced in liver and kidney of MT treated rats and
that the antioxidant system was enhanced in order to re-
move them. So, MT was considered a pro-oxidant and
its mechanism was due essentially to the excess produc-
tion of free radicals.

To substantiate the mechanisms underlying MT-tox-
icity, the non-enzymatic antioxidant status in liver and
kidney was also evaluated. Besides, the last antioxidant
system acts as free radical scavenger to complement the
activity of the enzymic antioxidant system when oxida-
tive stress is in excess. The depletion of non-enzymatic
antioxidants including GSH and vitamin C levels, in
the MT injected rats, could be either the result of their
increased utilization for conjugation and/or their par-
ticipation in achieving free radicals products induced by
MT toxicity.

Although the detailed mechanism of MT-mediated
toxicity is still unknown, our data showed that this fun-
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gicide-induced oxidative stress could cause free radical
reactions producing deleterious modifications in mem-
branes, proteins, enzymes, gene expression and DNA
molecule, which might contribute to oxidative damage.
Our results also confirmed the inflammatory effect of
MT on liver and kidney tissues. In fact, MT stimulates
the transcript coding for COX,, a marker of inflamma-
tion. Presently, there are two cyclooxygenase enzymes
which have been identified in humans (with 60% ho-
mology): cyclooxygenase-1 (COX,) and cyclooxyge-
nase-2 (COX)). Previous research suggests that COX,
is a housekeeping gene which modulates physiologic
responses such as regulation of renal and vascular ho-
meostasis, and gastroprotection. While COX, is primar-
ily an immediate early gene whose synthesis can be
stimulated rapidly and transiently in response to tumor
promoters (41, 42).

The liver plays in the organisms a key role in ho-
meostasis in the organism. Conventional liver test pro-
vides information about the hepatocytes integrity, such
as plasma transaminases (ALT and AST) considered as
the standard biochemistry markers of liver injury. In-
deed, the transaminases are well-known enzymes used
as biomarkers to predict possible toxicity (43). General-
ly, damage to liver cells will result in elevations of both
these transaminases in the serum (44). Furthermore,
measurement of enzymic activities of AST and ALT is
of clinical and toxicological importance as changes in
their activities are indicative of liver damage by toxi-
cants or in diseased conditions (45). Overproduction of
ALT and AST levels, obtained by us, indicated a high
risk for cholestatic liver dysfunction and an excess of
reactive species production inducing a redox imbalance
and hepatotoxicity after short-term MT exposure. Also
MT hepatotoxicity was evidenced, in the present study,
by an increase of bilirubin levels due to its high produc-
tion resulting either from hemolysis or the decreased
liver uptake, conjugation.

To assess changes in kidney function induced by
MT, we choose to monitor uric acid, urea and creati-
nine. Urea levels were chosen due of its high predictive
capability for tissue necrosis, protein catabolism and re-
nal function. The plasma level of urea is directly corre-
lated with protein uptake and inversely correlated with
the rate of urea excretion (45). In the present study, the
urea level in the plasma was significantly increased af-
ter exposure to MT (700 mg/kg b.w.). In the absence of
conditions that enhance urea production, such as gastro-
intestinal bleeding, corticosteroid therapy, and a high-
protein diet, elevations in the urea levels may represent
a decrease in the glomerular filtration rate (GFR), an
increase in the nitrogenous metabolism associated with
diminished renal blood flow (46) and results in acute
renal failure (47). On the other hand, creatinine is an im-
portant analyte with clinical significance that is used for
the determination of the renal glomerular filtration rate,
as well as the presence of kidney dysfunction and mus-
cle disorder. Creatinine is a by-product of the muscle
energy metabolism that is filtered from the blood by the
kidneys and excreted into the urine (48). As creatinine
is affected very little by liver function, it is thus a sensi-
tive indication of kidney function (49). In this study, the
creatinine level in plasma was increased in MT-treated
groups compared with the control. The high level of cre-

atinine in the rats treated with MT, as reported in the
current study indicates degenerative changes in the kid-
ney function, as described by Salah-Abbes et al. (50).
The result clearly showed that MT has a harmful and
stressful influence on the kidney tissue. Uric acid is the
end product of the purine metabolism in the body and
is mainly excreted by the kidney through glomeruli fil-
tration and absorption when renal dysfunction and the
blood uric acid are decreased (50). Compared with the
control group, the uric acid level in the plasma was sig-
nificantly decreased after exposure to MT, speaking in
favor of a GFR decline.

Our histopathological data substantiated kidney and
liver dysfunction in MT-treated rats. There was leuco-
cytic infiltration in hepatic and renal cells considered as
a prominent response of the body tissue facing any in-
jurious impacts. Tissue injuries were also characterized
by a vascular congestion, indicating the beginning of a
necrosis step which was confirmed by DNA fragmenta-
tion tests in our experimental study. Histopathological
changes could be due to the accumulation of free radi-
cals as the consequence of the increased H,O, products
and LPO levels in the kidney and liver tissues of the TM
treated rats.

In conclusion, our data indicated, for the first time,
700 mg/kg b.w. of MT revealed genotoxic effects, as
indicated by DNA degradation and the impairment of
the transcript coding for SOD, GPx and COX,, affected
plasma biomarker parameters and also had a cytotoxic
potential effect marked by an increase in H,O,, AOPP
production, and LPO levels.
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