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Abstract

Background: Paraquat (PQ) is one of the most important herbicides used in agriculture.

Objectives: This study was conducted to compare the preventive effect of vitamin D (Vit D) and
N-acetylcysteine (NAC) against kidney injury in rats versus the promotive effect of PQ.

Methods: In this study, rats were divided into six groups. The control group (group 1) received normal
saline, Vit D group (group 2) received intraperitoneal (IP) injections of +Vit D (2 pg/kg), NAC group (group
3) received NAC (6.25 mg/kg, IP), PQ group (group 4) received PQ (5 mg/kg/d, IP), PQ+Vit D group (group
5) received PQ+Vit D (5 mg/kg/d+2 pg/kg/d, IP) and PQ+NAC group (group 6) received PQ+NAC (5
mg/kg/d+6.25 mg/kg/d, IP). The animals were treated for 7 consecutive days as a sub-chronic exposure.
After the collection of urea and serum creatinine, biomarkers of oxidative stress and kidney histopathology
were investigated.

Results: PQ increased lipid peroxidation (LPO), urea, and serum creatinine, but it significantly decreased
total antioxidant capacity (TAC) and thiol groups. In the groups treated with Vit D and NAC, it was observed
that LPO, urea, and creatinine significantly decrease compared with the PQ group, and TAC, thiol groups,
and Vit D levels increased in kidney tissue.

Conclusion: The obtained findings revealed that both Vit D and NAC used as preventive compound were
able to reduce oxidative stress and tissue damage caused by PQ toxicity in the kidney.
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Background

Paraquat (PQ) is an organic toxic compound that is
extensively used in agriculture to control pesticides. PQ
is known as a fast-acting non-selective agent, causing
multiple-organ failure including kidney, lungs, liver, and
brain (1,2) in humans. PQ has chemical properties such
as low volatility and potential and is highly soluble in
water; therefore, intentional or accidental consumption
of PQ can result in serious threats to human health. Due
to the lack of an effective treatment method for reducing
PQ toxicity, this toxic causes high mortality of about 60%-
70% yearly (1). Recent studies have demonstrated PQ-
induced toxicity through the formation of toxic oxygen
species followed by oxidative stress (3). The toxic effects
of reactive oxygen species (ROS) are manifested through

the oxidation of lipids, proteins, and DNA contents (4).
Kidney tissue is the chief organ for toxicity of different
compounds such as PQ, which is the main factor for
the mortality caused by this toxin. Consequently, it is
essential to carry out research on anti-PQ toxicity such
as antioxidant compounds (5) N-acetylcysteine (NAC)
is reported as an antioxidant compound with thiol
groups that can scavenge free radicals. Besides NAC is a
source of cysteine, often restraining the precursor of de
novo glutathione (GSH) synthesis in the body. Although
NAC is identified as the main line of treatment for the
toxicity of acetaminophen, it has other medical uses with
scientific support. Different studies also reported that
NAC is used as the first-line treatment for the toxicity of
PQ (5). Using NAC supplementation can increase GSH,
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thus suppressing the activity of NF-kB and decreasing
the oxidative stress in the toxicity of PQ (6). Vitamin D
(Vit D, ergocalciferol-D2, cholecalciferol-D3) is known
as a fat-soluble vitamin. Investigations have indicated
that, in addition to keeping normal levels of calcium in
the body which is necessary for growth and development,
Vit D has antioxidant effects. Vit D deficiency in the
body can result in various diseases, including blood
disease, diabetes, and dangerous kidney disease by
changing the body’s protective system (7). According to
studies, treatment via Vit D for an animal can decrease
lipid peroxidation (LPO) of the membrane and increase
superoxide dismutase (SOD) activity. Furthermore,
Vit D can decrease ROS production by enhancing GSH
concentration and increasing the expression of glutamate
cysteine ligase genes and GSH reductase (8). Due to the
high mortality by PQ pesticides and the absence of a
suitable antidote for this toxin compound, it is essential
to conduct comprehensive studies to determine the
effectiveness of treatment with PQ poisoning. This study
aimed to assess and compare the protective effects of Vit
D and NAC against kidney damage induced by exposure
to PQ toxic. Therefore, we assumed that Vit D and NAC
yield protective effects by reducing the oxidative stress in
kidney tissue. To test this theory, kidney histopathology,
serum urea, creatinine concentration, and oxidative stress
biomarkers were measured.

Materials and Methods

Chemical and Reagents

Nitric acid, perchloric acid, and acetic acid (glacial)
pure were purchased from Merck (Germany). Ferric
chloride hexahydrate, n-butanol, thiobarbituric acid
(TBA), and SDS pure were obtained from Sigma-
Aldrich (United States). All other compounds were of
analytical grade.

Animal Treatment

In the present study, 36 adult male Wistar rats (180-250 g)
were purchased from the Animal Care Center of Hamadan
University. All ethical considerations were carefully taken.
Animals were conserved under standard conditions of
humidity (45-55%), temperature (23+1°C), and 12 hours
of dark/light cycle. The various groups of animals were fed
standard food and ad libitum tap water during the study.
After adaptation to the laboratory conditions, the rats
were accidentally distributed into 6 groups (n=38).

Study Design

In this study, rat were included in 6 groups: control
group (group 1) received normal saline, Vit D group
(group 2) received+ Vit D (2 ug/kg, IP), NAC group
(group 3) received NAC (6.25 mg/kg, IP), PQ group
(group 4) received PQ (5 mg/kg/d, IP), PQ+Vit D
group (group 5) received PQ+Vit D (5 mg/kg/d+2
ug/kg/d, IP), and PQ+NAC group (group 6) received
PQ+NAC (5 mg/kg/d+6.25 mg/kg/d, IP) (9). The

Effect of Vit D and NAC on Kidney PQ Toxicity

animals were treated intraperitoneally for 7 consecutive
days as a sub-chronic exposure. At the end of the studies,
the body weight of rats was determined. All rats were
fainted by the administration of ketamine/xylazine
(60 mg/kg and 6 mg/kg, IP, respectively) (9). After
collecting blood samples from the intracardiac, samples
were centrifuged at 250 x g for 15 minutes, and serum
samples were kept at -18°C for biochemical analysis. In
the following, kidney tissue was detached and washed
with cold phosphate-buffered saline and then weighed.
For pathological evaluation, a part of kidney tissue was
retained in formalin solution, and for molecular analysis
and stress oxidative, the other part of kidney tissue was
saved in liquid nitrogen and was frozen at -80°C until the
study time.

Sample Collection

The kidney tissues from the control and treated rat groups
were washed with saline solution and were subsequently
homogenized in 1:5 volumes of phosphate-buffered saline
(pH=7.4). The homogenate was suspended in ice-cold
lysis buffer and incubated on ice for 20 minutes. The tissue
homogenates were centrifuged at 14 000 x g for 10 minutes
at 4°C, and the supernatant sample was frozen at -80°C for
analysis.

Measurement of Oxidative Stress Biomarkers

Assessment of LPO of Kidney Tissue

For determining the content of kidney malondialdehyde as
the main indicator for LPO, TBA was used for composition
and reaction with LPO. The kidney tissue samples were
combined with trichloroacetic acid 20% and were quickly
spread in H SO, (0.05 M) solution. Then, TBA was
subjected to heat for 30 minutes in boiling water at a high
temperature. The TBA reactive substance adducts were
obtained through n-butanol, and the maximum absorbance
was determined as a pink complex at 532 nm (10).

Measuring Total Antioxidant Capacity of Kidney Tissue
Total antioxidant capacity (TAC) was analyzed using the
ferric-reducing ability of plasma. This method was based
on the capacity to reduce trivalent iron to divalent iron in
the existence of 2, 4, 6-Tripyridyl-S-triazine. The reaction
of divalent iron produced a blue complex with a maximum
absorbance of 593 nm (11).

Measuring Content of Total Thiol Molecules (TTM) of
Kidney Tissue

TTM as the main indicator for GSH in kidney tissue
homogenate samples was determined according to the Hu
method. Dithinitrobazoic acid reacted with TTM and led
to the production of a yellow complex that has an optimal
absorbance at 412 nm (11).

Measuring Kidney Vit D, Serum Urea, and Creatinine Levels
Kidney Vit D was measured using MyBioSource kit
(Belgium) and enzymatic methods. Levels of serum urea
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and creatinine were measured using a Pars Azmoon kit
(Iran) and enzymatic methods.

Histological Investigation

For histological calculations, a small section of kidney
tissues was fixed in 10% formalin composition, dried up
in ethanol solution (50-100%), cleared in xylene solution,
and then surrounded in paraffin. Kidney sections (5 pum)
were stained by hematoxylin and eosin stain based on
standard pathology laboratory procedures and assessed
under light microscopy.

Statistical Analysis

The findings were presented as mean + standard deviation
and were statistically examined using a one-way analysis
of variance (ANOVA) followed by post hoc via the
Bonferroni test. Prism 5.0 software was applied for the data
analyses, and a P value of less than 0.05 was considered to
be statistically significant.

Results

Effects of Vit D and NAC on the LPO Biomarker of Kidney
Tissue

As shown in Figure 1, a significant increase in LPO was
observed in the PQ group against the control group
(P<0.01), whereas using Vit D and NAC resulted in
decreased levels of LPO (P<0.01) compared to the PQ
group (P<0.05).

Effects of Vit D and NAC on the TAC and GSH Biomarkers
of Kidney Tissue

The level of TAC and GSH significantly reduced in the PQ
group (P<0.01) compared to the control group (P<0.05),
and treatment with Vit D and NAC significantly reversed
TAC in the treated groups (P<0.05). Furthermore,
treatment with Vit D and NAC had no significant effect
on GSH in the treatment groups (Figures 2 and 3).

Effects of Vit D and NAC on Kidney Function Parameters
According to Figures 4 and 5, the content of serum urea and
creatinine in the PQ group significantly improved compared
to that of the control group (P<0.01). Administration of
Vit D and NAC significantly reduced urea and creatinine

EA Control
Control + Vit D
E3 Control + NAC
[ Paraquat
Paraquat + Vit D
Paraquat + NAC
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Figure 1. Kidney LPO Level. Note. LPO: Lipid peroxidation; MDA:
Malondialdehyde; Vit D: Vitamin D; NAC: N-acetylcysteine; SD: Standard
deviation. Values are the Mean+SD for each group. *Significantly different
from control group. * Significantly different from paraquat group. #P<0.05
and *P<0.01
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Figure 2. Kidney TAC Level. Note. TAC: Total antioxidant capacity; Vit

D: Vitamin D; NAC: N-acetylcysteine; SD: Standard deviation. Values

are the mean=SD for each group. ? Significantly different from control. ®

Significantly different from paraquat group. #P<0.05 and *P<0.01
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Figure 3. Kidney TTM Level. Note. TTM: Total thiol molecules; Vit D:
Vitamin D; NAC: N-acetylcysteine; SD: Standard deviation. Values are
the mean+SD for each group. * Significantly different from control. ®
Significantly different from paraquat group. #P<0.05 and *P<0.01
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Figure 4. Kidney Urea Level. Note. Vit D: Vitamin D; NAC: N-acetylcysteine;
SD: Standard deviation. Values are the mean+SD for each group. *
Significantly different from control. ® Significantly different from paraquat
group. #P<0.05 and *P<0.01
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Figure 5. Serum Creatinine Level. Note. Vit D: Vitamin D;
NAC: N-acetylcysteine; SD: Standard deviation. Values are the
mean+SD for each group. * Significantly different from control.
b Significantly different from paraquat group. #P<0.05 and
*P<0.01
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levels of serum in the control group compared to that in the
PQ group (P<0.01 and P<0.05, respectively).

Vit D Concentration and Weight of Kidney

As Figure 6 indicates, the levels of kidney Vit D in the PQ
group significantly increased compared to those of the
control group (P<0.05). Moreover, the administration
of Vit D and NAC did not reduce kidney Vit D levels
significantly compared to the PQ group. In addition, the
kidney weight in the PQ group significantly increased
(P<0.01) compared to the control groups. Finally,

15m
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Figure 6. Kidney Vit D Level. Note. Vit D: Vitamin D; NAC: N-acetylcysteine;
SD: Standard deviation. Values are the mean+SD for each group. ®
Significantly different from control. ® Significantly different from paraquat
group. “P<0.05 and *P<0.01
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Figure 7. Kidney MDA Level. Note. MDA: Malondialdehyde; Vit D:
Vitamin D; NAC: N-acetylcysteine; SD: Standard deviation. Values are

the mean+SD for each group. ° Significantly different from control. ®
Significantly different from paraquat group. #P<0.05 and *P<0.01

Effect of Vit D and NAC on Kidney PQ Toxicity

treatment with NAC decreased kidney weight (P>0.05)
in the control group compared to that in the PQ group
(Figure 7).

Effects of Vit D and NAC on PQ- induced Histological
Changes

To evaluate the effect of Vit D and NAC on PQ toxicity of
kidney structure, hematoxylin & eosin staining was used.
Accordingly, the renal corpuscle, proximal convoluted
tubule, distal convoluted tubule, and urinary tract were
evaluated. Each kidney has a network of capillaries called
glomeruli surrounded by a two-layer capsule called the
Bowman capsule. Between the two layers of the Bowman
capsule, there is a urinary tract. The findings of the current
study indicated significant changes in the structure of the
kidneys following the administration of PQ compared
to the control group. Further, kidney sections of PQ
rats treated with Vit D and NAC exhibited pathological
alterations compared to those of the control rats (Figure 8).

Discussion

It has been presented that herbicides can produce several
histopathological and stress oxidative changes. PQ is a
herbicide that is extensively applied in agriculture and has
various toxicity mechanisms in a variety of organs such
as the kidney. PQ can strongly stimulate the formation
of ROS. The ROS are highly toxic and may cause serious
damage to various organs and tissues. Given that oxidative
stress is involved in PQ-induced cytotoxicity (12, 13), the
current study intended to estimate whether treatment
with Vit D and NAC would have a protective effect
against PQ-induced kidney injury in rats. Based on the
results, the administration of Vit D and NAC significantly
reduced malondialdehyde and increased levels of TAC
and GSH compared to the PQ group. Furthermore, the
administration of Vit D did not reduce kidney Vit D levels
significantly compared to the PQ group. This indicated that
Vit D and NAC may have protective effects on PQ toxicity
via their anti-oxidation properties. Prolonged exposure to
PQ can induce toxicity related to direct tubular, oxidative

Figure 8. Histological Sections of Kidney From the Control (A) and PQ (D). Control (B, C) and PQ (E, F) received Vit D and NAC daily for 7 days (Magnification:

40x). Note. PQ: Paraquat; Vit D: Vitamin D; NAC: N-acetylcysteine
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stress, inflammation, and apoptosis process in animals
(14, 15). In our study, PQ led to failure in renal function,
which was indicated by loss of weight and function. For
the evaluation of this disorder, the content of urea and
creatinine serum, two main biomarkers for discovering
damage to kidney tissue in poisoning with PQ, were
detected. Normally, urea is a byproduct of the digestion
of protein in the body, and creatinine is a waste product
of creatine phosphate excreted by the kidneys. However,
in the case of PQ poisoning, their concentration rises due
to renal dysfunction (15) In this study, it was found that
the treatment with PQ led to an increase in urea level and
convoyed by accretion of creatinine content, indicating
that PQ contact damaged kidney function. Furthermore,
although the histological assessment showed no significant
variations in the structure of the kidneys, kidney weight in
the PQ group significantly increased compared to that in
control groups. The results of the current study are in line
with the findings obtained by Sharp et al (16) and Wei et al
(17). Obviously, treatment with Vit D and NAC revealed a
protective effect against nephrotoxic PQ as documented by
low serum levels of urea and creatinine. Despite the precise
mechanisms of PQ-induced kidney damage that were not
identified, it was documented that the generation of singlet
oxygen and other toxic free radicals results in a rise in LPO
of cell membranes (18). Therefore, the origination of PQ-
induced kidney injury is largely linked with an increase
in oxidative stress. LPO by active oxygen production
plays the main role in biochemical events induced by
PQ toxicity as designated in several experimental studies
(19,20). In this study, the contents of LPO, as degradation
crops of polyunsaturated lipids created in response to
oxidative biomarkers were identified. The obtained
findings indicated an increase in LPO levels in rats treated
with PQ, showing oxidative stress in kidney tissues. These
observations were in agreement with previous information
(21,22) In addition to oxidative stress generation, PQ as a
pesticide can reduce protection systems. TAC and GSH
are the supreme antioxidant compounds in contradiction
of ROS in the body (23) and can defeat oxidative stress.
Antioxidant enzymes change active radical species to less
harmful or safe products (24). In this study, a remarkable
reduction was observed in kidney TAC and GSH in rats
that received PQ. These outcomes support the result of
Rahmani et al (25), Schapochnik et al (26), and Hong et al
(27) who found a significant reduction in GSH and TAC
of animals’ expected PQ. The high production of toxic
free radicals has preventing and inhibitory influences on
anti-oxidative enzymes in the body (28). For example,
the aggregation of superoxide anions can prevent GSH
activity (29). Clearly, co-treatment with Vit D and NAC
significantly augmented serum levels in the kidney of
GSH and TAGC, indicating that Vit D and NAC might
reestablish the activity of these enzymes. It seems that Vit
D and NAC have the potential of reducing intoxication.
Ortiz et al found the protective effect of NAC on the
toxicity of PQ in vital organs, and they confirmed the

effect of NAC against PQ toxicity (30). NAC protects the
antioxidant defenses against oxidative injury as a product
of ROS scavenge in the dopaminergic system of neuronal
cells (31). The other possible mechanisms related to
the protective effect of NAC result from the richness of
sulfhydryl group and NAC’s role as a precursor of cysteine
which is used in GSH biosynthesis (31). As expected,
according to this mechanism, we observed the GSH
reduction induced by PQ and the improvement of GSH
induced by NAC. In line with the current results, Rahmani
etal (25) and Alvarez et al (32) asserted that a high level of
Vit D increases the serum concentration of GSH (32). The
exact mechanism of Vit D regarding the reduction in LPO
level and increase in GSH and TAC activity induced by
PQ is not yet known, but various studies have suggested
that by affecting the MEK-SIRT1 pathway and reducing
H202, Vit D eventually decreases oxidative stress, and by
impacting Keapl Nrf2 route, it exerts antioxidant effects
in various tissues (33,34).

Conclusion

The results of this study suggested that PQ induced kidney
toxicity, but the antioxidative properties of Vit D and
NAC improved toxic oxidative stress in the kidney tissue
of PQ toxicity in animals. These data may contribute to
the management and treatment strategies of PQ poisoning
patients. However, more evaluations are required to detect
the molecular mechanism of Vit D and NAC effects.
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