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ARTICLE INFO ABSTRACT

Keywords: Background: Para-Dinitrobenzene (p-DNB) is one of the isomers of dinitrobenzene which have been detected as
Environmental toxicants environmental toxicants. Skin irritation and organ toxicities are likely for industrial workers exposed to p-DNB.
K.idney This study evaluated the effect of sub-chronic exposure of rats to p-DNB on cellular redox balance, hepatic and
Liver renal integrity.

Ig )]c)il;ziive stress Methods: Forty eight male Wistar rats weighing 160-180 g were administered 50, 75, 1000 and 2000 mg/kg
Sub-dermal b.wt (body weight) of p-DNB or an equivalent volume of vehicle (control) orally and topically for 14 days. After

the period of treatment, the activities of kidney and liver catalase (CAT), alkaline phosphatase (ALP) and
superoxide dismutase (SOD) as well as extent of renal and hepatic lipid peroxidation (LPO) were determined.
Serum ALP activity and plasma urea concentration were also evaluated.

Results: Compared with control animals, p-DNB -administered rats showed decrease in the body and relative
kidney and liver weights as well as increased renal and hepatic hydrogen peroxide and lipid peroxidation levels
accompanied by decreased superoxide dismutase and catalase activities. However, p-DNB caused a significant
increase in plasma urea concentration and serum, liver and kidney ALP activities relative to control. In addition,
p-DNB caused periportal infiltration, severe macro vesicular steatosis and hepatic necrosis in the liver.
Conclusions: Our findings show that sub-chronic oral and sub-dermal administration of p-DNB may produce
hepato-nephrotoxicity through oxidative stress.

1. Background

One of the global health problems is liver disorders and diseases
which are due to exposure to various toxic chemicals. The major site of
xenobiotic metabolism is the liver and it can be damaged by toxic
chemicals, drugs and environmental agents which can lead to deleter-
ious effect on the liver cells and functions. Furthermore, in preclinical
toxicity studies, renal toxicity is one of the major concerns. Renal
toxicity can be a result of hemodynamic changes, direct injury to cells
and tissue, inflammatory tissue injury, and/or obstruction of renal
excretion. The kidney has important roles in plasma filtration and
maintenance of metabolic homeostasis. Toxic effects on the kidney as a
result of environmental toxicants can impair these kidney roles and
induce changes in kidney function and structure [1].

Dinitrobenzene (DNB) has been detected has environmental con-
taminants of ground water and soil near sites and at military munitions
test grounds. Also, it has been characterized as occupational toxicants/
pollutants, by its toxicity [2—4]. DNB production yields a mixture of the
three isomers namely ortho-isomer (o-DNB), meta-isomer (m-DNB) and
para-isomer (p-DNB) [5,6]. Both DNB mixture and the individual
isomers of DNB are available commercially. (p-DNB) or 1,4-DNB forms
colourless to yellow monoclinic needles and is used in the synthesis of
dyes, explosive and in plastics industry. DNB induces serious peroxida-
tion in membrane structures.[5]. Many investigators have described
testicular toxicity associated with an exposure of rats to 1,3-dinitro-
benzene or trinitrobenzene (TNB) [7-10]. It has been reported that in
rats DNB cause encephalopathy, hematological alterations and toxicity
to brain, testes, epididymis and spleen [11-14,54].
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Free radical is a reactive atom or group of atoms that has one or
more unpaired electrons. They are produced in the body by natural
biological processes or introduced from an exogenous source such as
drugs and environmental toxicants [15]. Excessive production of free
radicals which are not neutralised can oxidize macromolecules, such as
DNA, proteins, carbohydrates, and lipids and ultimately damage the
cell [16]. Toxins, toxicants and free radicals are distributed to the liver
and kidney, thus exposing them to a state of induced toxicities. The
liver and kidney tissues have evolved an array of antioxidant defense
systems to protect themselves against harmful effect of metabolites and
free radicals [15].

Oxidative stress occur when there is a relative imbalance between
pro-oxidant and antioxidant molecules in the body thereby leading to
an accumulation of reactive oxygen species [17,18]. Reactive oxygen
species are chemically active molecules that contain oxygen and are
formed in normal physiology as by-products [19]. Oxidative stress can
be linked to the pathophysiology of liver and kidney tissues such as
inflammation, hypertrophy, apoptosis and fibrosis and it is character-
ized by a disruption of redox signaling and control. processes [20-23]
Substances that inhibit oxidation or reactions by oxygen, peroxides, or
free radicals or their actions are called antioxidants [24]. They include
both enzymatic and nonenzymatic antioxidants. Some examples are
reduced glutathione (GSH), ascorbic acid, vitamin E, glutathione-S-
transferase (GST), glutathione peroxidase (GPx), glutathione reductase
(GR), superoxide dismutase (SOD), and catalase (CAT) [25-27].

One of the mechanisms of p-DNB is their ability to generate free
radicals and trigger oxidative stress in vivo [28]. In Nigeria, the
increasing use of dynamite, plastics, dyes, petrochemicals products
and improperly managed waste products from manufacturing plants
may contribute to p-DNB toxicity and possibly introduce high concen-
trations of this potential hepatorenal toxicant into the environment.
Consequently, the present study was designed to investigate the effect
of sub-chronic oral and dermal administration of p-DNB on target
tissues (kidney and liver) and to evaluate the redox balance of p-DNB
target tissues in male rats. For this purpose, we conducted oxidative
stress biomarkers assays on rat kidney and liver treated with p-DNB to
evaluate hepatotoxicity and nephrotoxicity through oxidative stress. In
addition, we evaluate the kidney enzyme biomarkers for toxicity to
evaluate p-DNB -type kidney toxicity.

2. Methods
2.1. Chemicals

p-DNB was purchased from Sigma Aldrich. All other chemicals used
in the experiment were of analytical grade.

2.2. Animals and experimental design

Forty eight male Albino Wistar rats, weighing 150-170 g, were
purchased from the Department of Biochemistry, Bingham University,
Nigeria. They were housed in plastic cages placed in a well-ventilated
rat house and allowed ad libitum access to rat chow (Vital Feeds Ltd,
Nigeria) and water and subjected to natural 12-h light: dark cycle. All
the animals received humane care according to the ‘Guide for the Care
and Use of Laboratory Animals’ prepared by the National Academy of
Science, published by the National Institute of Health (NIH). Also, the
ethic regulations have been followed in accordance with national and
institutional guidelines for the protection of animal welfare during
experiments (Public Health Service (PHS), 1996). After 1 week
acclimation period, rats were randomly assigned to three groups of
eight rats per group following oral administration. Group I rats received
corn oil alone at 2 ml/kg bw. Group II were orally treated with 50 mg/
kg bwt p-DNB dissolved in corn oil for 14 days While group III rats
orally treated with 75 mg/kg bwt p-DNB dissolved in corn oil for 14
days of the experiment. Also, for sub-dermal administration, rats were
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randomly divided into three groups of eight rats per group. Before
treatments, the dorsal fur of the rats where shaved at 2 cm by 2 cm
length, then p-DNB dissolved in corn oil where applied topically to the
skin of the animals. Group I rats were treated topically with corn oil
alone at 2 ml/kg. Group II rats were treated with 1000 mg/kg p-DNB
while Group III rats were treated with 2000 mg/kg for 14 days. The
doses of p-DNB were chosen based on the Acute Oral Toxicity Up-and-
Down-Procedure OECD 2008 described by Dixon and Mood [29-32].

2.3. Serum collection and tissue preparation

At the end of experimental period approximately 24 h after the last
p-DNB treatment, blood samples were collected by retro orbital
bleeding. Blood samples were left to clot, centrifuged at 3000 rpm for
15 min, serum was collected and stored for further biochemical
analysis. Afterwards, rats were sacrificed by cervical dislocation, liver
and kidney were rapidly excised from each animal, connecting tissue
and fats deposits were trimmed from the liver and kidney, and they
were washed free of any blood and clots with ice cold 1.15% KCl
solution. They were then blotted over a piece of filter paper.

2.4. Biochemical analyses

The liver and kidney were homogenised in 50 mM Tris-HCI buffer
(pH 7.4) containing 1.15% potassium chloride and the homogenate was
then centrifuged at 10 000g for 15 min at 4 °C. The supernatant was
collected for the estimation of catalase (CAT) and Superoxide dismutase
(SOD) activities. Serum was used for estimation of liver and renal injury
according to manufacturer protocol.

2.4.1. Plasma biomarkers of Renal Toxicity assay

Plasma urea was determined with Randox diagnostic kits. Method
for Plasma urea assays was based on the Fenton reaction [33] with the
diazine chromogen formed absorbing strongly at 540 nm.

2.4.2. Renal and hepatic level of Lipid Peroxidation Assay

The extent of lipid peroxidation (LPO) in the kidney and liver was
estimated by the method of Varshney and Kale [34]. The method
involved the reaction between malondialdehyde (MDA) a product of
lipid peroxidation) and thiobarbituric acid (TBA) to yield a stable pink
chromophore with maximum absorption at 532 nm.

2.4.3. Renal and hepatic Antioxidant Enzymes Assay

Oxidative stress markers were assessed such as SOD and CAT. Renal
and hepatic superoxide dismutase (SOD) activity was determined by
measuring the inhibition of autooxidation of epinephrine at pH 10.2
and 30 °C by the method of Misra and Fridovich, (1972), [35]. Renal
and hepatic catalase activity was determined by the method described
by Sinha [36]. The method was based on the reduction of dichromate in
acetic acid to chromic acetate when heated in the presence of hydrogen
peroxide (H,0,). The chromic acetate produced is measured spectro-
photometrically at 570 nm.

2.4.4. Determination of kidney, liver and plasma alkaline phosphatase

Plasma alkaline phosphatase (ALP) activities were determined using
Randox diagnostic kits. ALP activity was determined in accordance
with the principles of Tietz et al. [37]. The p-nitrophenol formed by the
hydrolysis of p-nitrophenyl phosphate confers yellowish colour on the
reaction mixture and its intensity can be monitored at 405 nm to give a
measure of enzyme activity.

2.5. Histopathological examination
Liver sections were taken immediately from the liver, fixed in 10%

buffered formalin, cleared in xylene, and embedded in paraffin.
Sections (4-5 mm thick) were prepared and then stained with hema-
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Table 1
Weight of animals (g) before and after oral and dermal administration.
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Oral administration

Dermal administration

Parameters Control 50 mg/kg 75 mg/kg Control 1000 mg/kg 2000 mg/kg
FW(g) 172.2 + 5.49 167.2 + 8.97 167.0 + 8.20 188.4 £ 1.52 175.0 * 6.60 170.2 + 5.90
IW(g) 121.2 £ 2.13 146.0 = 3.34 154.6 = 4.03 120.2 = 2.10 123.4 + 4.58 140.4 = 9.40

FW: Final body weight, IW: Initial body weight. Values with asterisks were significantly different from control (*p < 0.05). Values are expressed as mean =+ standard deviation and

n=38 (number of animals per group)

toxilin and eosin (H & E). The sections were examined for the patholo-
gical findings of hepatic changes.

2.6. Statistical analysis

All data were expressed as means + standard deviation and statis-
tically analyzed using SPSS (Statical Pucteage for Social Science)
version 16.0 for Windows (SPSS Inc, Chicago, IL). Statistical signifi-
cance of differences among different study groups was evaluated by one
way analysis of variance (ANOVA) (P < 0.05). Duncan's multiple range
tests was used to differentiate between means (to determine differences
between means of treatments at significance rates of 0.05).

3. Results

Effect of doses at 50 and 75 mg/kg of p-DNB on body weight of
animals before and after oral administration was determined following
treatment period. The data presented on weight of animals in Table 1
showed there was no significant differences observed in the oral
administration of p-DNB induced rats and those of the control group.
Also, dermal administration of p-DNB in rats at 1000 and 2000 mg/kg
bwt (Table 2) on initial and final body weight of the induced rats was
not significant when compared with the control. Table 2 showed the
effect of doses at 50 and 75 mg/kg of p-DNB on the absolute weight of
liver and kidney following oral administration. The data presented on
absolute weight of organs in Table 2 showed there was no significant
difference observed in the p-DNB -treated rats and those of the control
group in the liver and kidney at all doses. However, the effect of dose at
1000 and 2000 mg/kg bwt of p-DNB on the absolute weights of liver
and kidney following dermal administration showed no significant
difference when compared to the control group.

Effect of dose 50, 75 and 2000 mg/kg of p-DNB on relative weights
of liver (Table 3) showed significant differences when compared to
those of the control group. Conversely, kidney showed significant
differences 2000 mg/kg when compared to control following dermal
administration of p-DNB (Table 3) Fig. 1 reveals the activities of
antioxidant enzymes namely superoxide dismutase (SOD), in the liver
and kidney following oral and dermal administration of p-DNB in rats
after 14 days. Acute oral and dermal administration of p-DNB caused a
significant decrease in the kidney at all doses. Moreover, the activities
of the antioxidant enzyme remain unaffected in the liver of rats
administered with 50, 75, 1000, 2000 mg/kg bwt of p-DNB. The effects
of p-DNB mediated changes in catalase status of liver and kidney as
presented in Fig. 2, p-DNB treatment caused a significant decrease in
the activities of CAT following oral and dermal administration when
compared to control. The results presented in Fig. 3 showed that oral

Table 2
Absolute Weight of Organs (g) after oral and dermal administration.

and dermal administration of p-DNB for 14 days significantly alter the
levels of MDA in liver and kidney of the treated rats at all doses when
compared to control. Fig. 4 reveals the effects of p-DNB on renal,
hepatic and serum activities of ALP following oral administration in rats
compared to control. Significant increases in renal ALP activities were
observed in rats administered. Moreover, dermal administration of p-
DNB in rats significantly increases in renal, hepatic and serum ALP
activities when compared to the control groups. Table 4 shows the
effect of p-DNB in plasma urea in rats. Plasma urea was significantly
increased in the p-DNB - treated rats when compared to control
(p < 0.05) (Figs. 5 and 6).

4. Discussions

The mechanism responsible for the hepatic and renal toxic effect of
p-DNB is not being well understood yet. In the present study, we
hypothesized an oxidative stress-like as a potential mechanism inductor
of renal and hepatic injury. ROS are capable of initiating and promoting
oxidative damage as lipid peroxidation. [38]. Liver is a major organ
attacked by ROS [39,40]. Parenchymal, Kupffer, hepatic stellate and
endothelial cells are potentially exposed to oxidative stress-related
substances and caused oxidative damage to the cells. Hepatic stellate
cells are triggered by lipid peroxidation caused by oxidative stress
[41,42,43]. The kidney cells undergoes nitro-reduction caused by free
radicals leading to renal toxicity and thereby compromising the cells
mitochondrial antioxidant capacity [44]. The kidney acquires a number
of balance mechanisms to deal with an excess amount of ROS.

Several studies have established the role of free radicals on
chemical-induced toxicity and deduced a connection between toxicity
and oxidative stress [45,46,54], this initiates our findings on the effect
of p-DNB-induced toxicity in the liver and kidney of male rats on
enzymatic and non-enzymatic antioxidants systems. Examples of enzy-
matic antioxidants determined in this research are SOD and CAT. In the
present investigation, exposure of male rats to p-DNB (50, 75,1000 and
2000 mg/kg bwt for 14 days) resulted in significant decrease in renal
activities of SOD and CAT at all doses. Moreover, hepatic activities of
CAT was significantly increased at 1000 and 2000 mg/kg. SOD and CAT
are vital and crucial to the maintenance of the cellular redox balance
[47]. There is a relationship between SOD and CAT against accumula-
tion of free radicals thereby inactivates the superoxide anion and
peroxide radicals by converting them into water and oxygen. Our
results suggest an inhibition of renal antioxidants enzymes that are
involved in antioxidant defence mechanism against free radicals
generated by p-DNB in rats.

The imbalance between increased production of free radicals, and
the decreased antioxidant capacity, results in a persistent lipid perox-

Oral administration

Dermal administration

Parameters Control 50 mg/kg
Liver (g) 4.03 = 0.33 2.92 +0.30
Kidney (g) 1.12 + 0.24 0.99 * 0.05

75 mg/kg Control 1000 mg/kg 2000 mg/kg
2.87 £ 0.29 4.00 = 0.30 3.15 £ 0.05 2.93 £ 0.44
0.96 + 0.03 1.10 £ 0.20 1.03 = 0.08 0.98 + 0.06

Values with asterisks were significantly different from control (*p < 0.05). Values are expressed as mean + standard deviation and n=8 (number of animals per group)
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Table 3
Relative weight of organs after oral and dermal administration.
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Oral administration

Dermal administration

Parameters Control 50 mg/kg 75 mg/kg Control 1000 mg/kg 2000 mg/kg
Liver (g) 2.34 £ 0.24 1.70 + 0.28" 1.56 + 0.14" 2.00 = 0.24 1.93 £0.19 1.80 £ 0.09"
Kidney (g) 0.65 = 0.14 0.55 = 0.02 0.53 = 0.02 0.68 = 0.06 0.64 = 0.14 0.56 + 0.02"

Values with asterisks were significantly different from control (*p < 0.05). Values are expressed as mean * standard deviation and n=38 (number of animals per group).
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Fig. 1. Catalase activity (umol H,O, consumed/min/mg protein) in the liver and kidney
of rats after 14 days of oral and dermal administration.
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Fig. 2. Superoxide dismutase activity (Units per milligram protein) in liver and kidney of
rats treated with p-DNB for 14 days after oral and dermal administration.
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Fig. 3. Lipid peroxidation levels (unit/g tissue 10*°) in liver and kidney of rats after 14
days of oral and dermal administration of p-DNB.

idation (LPO) which is known to cause cellular injury by inactivation of
membrane enzymes, depolymerisation of polysaccharide, protein frag-
mentation and cross-linking [48,49]. One of the markers of oxidative
stress in tissue is MDA (from oxidation of unsaturated fatty acids), an
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Fig. 4. Effects of p-DNB on activities of ALP (U/1) in Kidney, Serum and liver of treated
rats following oral and dermal administration.

Table 4
Effect of oral administration of p-DNB in plasma urea (mg/dl) in rats after 14 days.

Oral administration Dermal administration

Groups UREA (mg/dl) Groups UREA (mg/dl)
Control 13.78 = 2.52 Control 16.78 = 3.20
50 mg/kg 20.10 + 1.90" 1000 mg/kg 19.59 + 0.87"
75 mg/kg 24.64 * 3.49" 2000 mg/kg 24.64 + 5.02

Values with asterisks were significantly different from control (*p < 0.05). Values are
expressed as mean =+ standard deviation and n=8 (number of animals per group).

index of lipid peroxidation [15]. Lipid peroxidation is initiated by the
attack of a free radical on fatty acid [26] leading to tissue damage. Oral
and dermal administration of p-DNB caused a significant increase in the
levels MDA at all doses in the liver and kidney of rats in the present
study. According to the observation in this research, p-DNB has shown
to cause an impairment of antioxidant enzymes activities resulting in
excessive hepatic and renal ROS leading to increased lipid peroxidation
indicating that p-DNB has lipid peroxidative properties.

Urea is a metabolic product which may be detrimental to the body if
accumulated and it can be removed from circulation by the kidney to
prevent their accumulation. The plasma biomarkers of renal function
urea were determined in our present finding. There was a significant
increase in the plasma urea in this present study. Increase in plasma
level of urea substances is regarded as an indication of loss of renal
function [50,51]. This may suggest that p-DNB caused loss of renal
function in the treated male rats due to increase in the plasma level of
urea. Alkaline phosphatase (ALP) is associated with the cell membrane
of the liver and kidney and the activities of ALP are found to increase in
conditions associated with hepato-biliary injury and overproduction or
leakage of ALP [52]. In this study, we found out that there was a
significant increase in the activities serum and kidney ALP when
compared to the control. This indicates that p-DNB may have caused
injury to the serum and kidney due to the increase in serum and kidney
ALP activities. Hepatic damage induced by administration of p-DNB
resulted in elevated levels of liver maker enzyme (ALP) which reflect
liver damage. Elevated levels of this enzyme is a sign of cellular leakage
and loss of functional integrity of the cell membrane in the liver which
is reflected in the histopathological results [53].
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Fig. 5. Photomicrograph of liver section after oral administration showing A(control): normal liver architecture, central venules, sinusoids without infiltration of inflammatory cells and
hepatocytes morphology. B,C(50,75 mg/kg bwt p-DNB): poor liver architecture, moderate periportal infiltration, moderate peri vascular infiltration of inflammatory cells, tissue
degeneration with loss of liver plates, severe macro vesicular steatosis with the fat fully infiltrating the cytoplasms of the liver cells and few apoptotic cells (X400).

Fig. 6. Photomicrograph of liver section after dermal administration showing (A control): normal liver architecture, hepatocytes,

central venules, sinusoids without infiltration of

inflammatory cells. B,C (1000, 2000 mg/kg bwt p-DNB): poor liver architecture, aggregating inflammatory cells, liver parenchyma with fibrosis and hepatic necrosis, severe micro

vesicular steatosis with the fat infiltration within the cytoplasms. (X400).

It was observed in the present study that the weight of animals,
absolute organ weight as well as the relative organ weights of liver and
kidney was reduced in p-DNB -induced rats (50, 75, 1000 and 2000 mg/
kg). This decrease in weight of animals in p-DNB -treated rats following
oral and dermal administration indicates general metabolic dysfunc-
tions in the rats. Moreover, the decrease in kidney weight has observed
in our present findings may suggest a reduction in structure of nephron
in the kidney caused by p-DNB. The reduction of kidney weight is a
primary indicator of possible alteration in kidney functions. In addition,
the decrease in the liver weight might be due to the mechanism of
action of p-DNB thereby disrupting the structure and function of the
organ. In our findings, we noted from the photomicrograph of the liver
sections following oral and dermal administration, poor liver architec-
ture, moderate periportal infiltration, vessels with moderate peri-
vascular infiltration of inflammatory cells, the hepatocytes show severe
macro vesicular steatosis with the fat fully infiltrating the cytoplasm of
the liver cells and few apoptotic cells in p-DNB -treated rats at all doses.
However, following dermal administration photomicrograph revealed
liver parenchyma with fibrosis and hepatic necrosis, aggregating
inflammatory cells, severe micro vesicular steatosis with the fat
infiltration within the cytoplasm in at 1000 and 2000 mg/kg groups.
The histological changes observed from the photomicrograph under
this experimental condition represent the microscopic features of a sub-
chronic event during p-DNB exposure, which may be attributed to the
direct or indirect effect of increased ROS which consequently induces
lipid peroxidation by p-DNB.

5. Conclusion

p-DNB treated animals revealed a significant increase in serum
biochemical parameters as well as hepatic and renal lipid peroxidation
but caused an inhibition in antioxidant biomarkers. In conclusion, our
findings suggest that sub-chronic oral and dermal administration of p-
DNB can produce hepato-nephrotoxicity through oxidative stress.
Hence, the increasing use of dynamite, plastics, dyes, petrochemicals
products and improperly managed waste products from manufacturing

plants may contribute to p-DNB toxicity and possibly introduce high
concentrations of this potential hepatorenal toxicant to factory and
quarry workers and people living around ammunition sites in Nigeria.
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