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antioxidant balance.

Abstract: The protective role of NAC against haematological abnormalities and
disruption of antioxidant system in male rats given ATR was evaluated. Adult male rats
orally receive ATR 200 mg/kg b.w. for 3 weeks, NAC 200 mg/kg b.w. or rats received

5 g NAC+ATR by the same dose for the same period. Rats given ATR showed significant
S 2 | decrease in RBCs count, Ht %, platelets count and neutrophile % in concomitant with
8 & |increase in total WBCs count and lymphocyte %. Regarding the oxidative stress
> IO | markers, there are increase in cardiac MDA, H,O; as well as NO content, meanwhile
© & | cardiac GSH content and the activity of SOD and CAT declined. NAC significantly
D & | reconsider the haematological abnormalities and oxidant / antioxidant balance caused
NEN by ATR. It is concluded that, ATR induced cardiac damage via the enhancing of NO

production and disrupt the hematopoietic functions, in addition to depletion of oxidant /
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1.Introduction

Atrazine (ATR) is an extensively used
herbicide of the triazine class to control
broadleaf and grassy weeds on some crops such
as corn, sorghum and sugarcane. ATR remains
in surface water and groundwater for a long
time and is difficult to degrade, thus it causes
serious pollution to the ecological environment
[1]. In experimental rats, ATR causes oxidative
stress and alteration in cardiac function. ATR is
linked to heart disease, carditis, and an increase
in cardiovascular mortality [2].

Diet particularly those with antioxidant
properties found in botanical products such as
polyphenols, organosulfur compounds, and
flavonoids, may reduce the incidence of
Cardiovascular disease (CVD) [3].
N-acetylcysteine (NAC), a safe natural
compound found in several vegetables,
including Garlic and Onion, in addition it is a
well-tolerated thiol reducing agent [4]. It is
essential for the production of glutathione,
which plays an important role in intracellular
defense against oxidative stress, and it is
involved in the detoxification of numerous
molecules [5].

NAC has antioxidant, anti-angiogenic, and
anti-cancer properties [6]. It also serves as a
cysteine donor and keeps glutathione content
intracellularly stable [7]. Furthermore, NAC
can protect against oxidative stress and DNA
damage [8] also it has anti-inflammatory
properties and protects the heart by lowering
the release of inflammatory mediators such as
Nuclear Factor Kappa B (NF-xB) in the
myocardium [9]. NAC has a cardioprotective
effect on myocardial infarction by reducing
oxidative damage [10].

Nitric oxide exerts different effect on heart
activity in addition to the pathogenesis of CVD
[11]. The exceed NO formation cause many
myocardial diseases [12].

The aim of this study was to investigate the
association between ATR-impaired blood
components, reduced antioxidants and the
chemoprotective potential of NAC on these
abnormalities.

2. Materials and methods
2.1. Chemicals
ATR the commercial product Atracom 80%
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WP was obtained from agent of Takamul
National Agriculture Co (Riyadh, Saudi
Arabia). NAC 98% purity was purchased from
agent of S D Fine-Chem Limited Company
(SDFCL) (Mumbai, India).

All other chemicals or kits used in the
experiment were of analytical grade and high

purity.
2.2. Animals

Twenty adult male albino rats were used.
Rats were obtained from Egyptian Institute for
Serological and Vaccine production, Helwan,
Egypt; they were housed in the animal house of
Zoology Department, Faculty of Science,
Mansoura University. Rats were placed in
stainless steel cages containing wood-chip
bedding, renewed daily, they were kept in a
temperature-controlled environment 25 + 2°C.
Rats were provided with standard chew diet and
water ad libitum during the whole period of
study.

2.3. Experimental design

The experimental protocol was carried out in
accordance with the guide of the National
Research Council for the Care and Use of
Laboratory Animals and was approved by the
local experimental animal ethics committee of
the Department of Zoology, Faculty of Science,
Mansoura University. Code number: Sci-Z-M-
2021-28.

Adult male albino rats weighed 155+ 6 g
divided into 4 groups, each group has 5 animals
as follow: Control group: did not receive any
treatment, NAC group: administered orally
NAC (200 mg/kg b.w day by day) for 21 days
[13], ATR group: orally ATR administration
(200 mg/kg b.w day by day) for 21 days [14],
NAC + ATR group: animals treated orally with
NAC + ATR by the same route and dose of the
2" and 3" groups.

2.4. Blood and tissue sampling

At the end of the experimental period (21
day), rats were sacrificed under slight halothane
anesthesia, blood samples were collected on
EDTA containing tube for CBC enumeration.
The hearts were excised, washed, and weighed.
Known weight of the heart samples were
homogenized in saline solution. The samples
were kept at -20°C till used for further
estimations.

2.5. Estimated parameters

2.5.1. Hematological study. The count of
RBCs, WBCs, differential leukocyte counts, Ht
%, Hb concentration and platelets count were
conducted using haematological analyzer
(Sysnex Ts-21) Japan.

2.5.2. Biochemical analysis. cardiac MDA,
H,O,, NO, GSH contents, cardiac SOD and
CAT activities were estimated using specific
kits supplied by Biodiagnostic Company,

Egypt.
2.6. Statistical analysis

All results were analyze using GraphPad
Prism 5.0 software (GraphPad Software Inc.,
San Diego, California, USA). Results were
presented as mean +* standard error [ X + SE].
Statistical comparisons were made by one way
analysis of variance (ANOVA) followed by
Neuman-Keuls post-hoc test [15]. Differences
were considered significant at P < 0.05.

3. Results
3.1. Blood tested parameters

Table (1) showed that, ATR administered
rats displayed a significant decrease in (RBCs
count, Ht %, platelets count and neutrophil %)
accompanied by a non-significant decrease in
Hb concentration, while there was a significant
increase in (WBCs count and lymphocytes%)
compared to control group. NAC treatment
before  ATR administration significantly
prevented the alterations in estimated
hematological parameter.

3.2. Oxidative stress markers

Data presented in Fig. (1) revealed that oral,
administration of ATR resulted in a significant
increase in cardiac content of MDA (+57.89%),
H,O, (+312.23%) and NO (+112.55%). NAC
pre-ATR treatment to some extent prevented
alterations in these parameters compared to
ATR group.

3.3. Non-enzymatic and Enzymatic
antioxidants

Data presented in Fig. (2) showed that oral,
administration of ATR resulted in a significant
decrease in the cardiac content of GSH and the
activity of cardiac SOD and CAT. Rats
administered NAC pre-ATR treatment, showed
partially prevention of these estimated
parameters that occur following only ATR
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treatment.
4. Discussion

The actual prevention and management of
haematopoietic toxicity continues to be an
essential health issue. This study demonstrates
the role of NAC against ATR-induced
oxidative stress, to reduce the risk of
haematopoietic toxicity.

In ATR administered group there are
alterations in haematological parameters, these
data run parallel with [16]. These results may
be explained by the inability of injured renal
parenchyma to produce erythropoietin [17], in
addition to DNA breakdown [18], thus decrease
the bone marrow ability to divide for blood
corpuscles synthesis [19]. Furthermore, exceed
oxidative stress and increased ROS production
due to lipid peroxidation may contribute to cell
membrane degeneration. ATR may also cause
an increase in the rates of biosynthesis of
thromboxane A2 in blood platelets, which
directly aids in their accumulation and adhesion
to one another thus decrease blood platelets
numbers [20].

A significant increase in WBCs counts
accompanied by increase in lymphocyte %
were noticed in ATR treated group, these
increase may indicate activation of the animal's
defense mechanisms and immune system as a
result of inflammation caused by ATR toxicity
[21].

The dosage of NAC partially prevents the
adverse effect of ATR on estimated
haematological parameters, this effect may be
attributed to NAC's role in scavenging free
radicals and eliminating their cellular toxic
effects, as recorded by [22], which keep the
maintenance of selective permeability of RBCs
and platelet membranes and also the
preservation of their nucleic and cytoplasmic
components.  Furthermore, the powerful
antioxidant NAC may have stimulated a
remarkable increase in the number of RBCs in
the blood through stimulate liver, kidney, and
bone marrow healthy, as well as their
Hb concentration and Ht%, by supporting the
enzymatic and non-enzymatic antioxidant
systems as well as protein synthesis from liver.
Total WBCs values were significantly lower
after NAC pre-ATR treatment compared to
ATR received group; these findings were

consistent with those of [23] and may be due to
their preventive inflammation effect.

Depletion of reduced GSH, SOD and CAT
induced by ATR may be due to over production
of ROS resulted from ATR administration that
forming singlet oxygen, hydroperoxides, and
hydrogen peroxides that promoted lipid
peroxidation [24].

ATR administration significantly increases
cardiac MDA, H;0, and NO contents, these
concur well with [25], these toxic manifestation
may be attributed to the hypersensitivity of
polyunsaturated fatty acid (PUFA) of the heart
membrane to peroxidation by ATR, an
explanation which in agreement with [26]. The
free radical production by ATR, which can
damage cells via lipid peroxidation must be
taken into consideration [27].

Excessive free radical production by ATR
reduces the enzyme activity of tricarboxylic
acid cycle (TCA) that are present in
mitochondrial membrane to generate energy by
oxidizing Co-A. ROS inhibition of these
enzymes may affect mitochondrial substrate
oxidation, resulting in reduced substrate
oxidation, slower rate of transfer of reducing
equivalents to molecular oxygen, and cellular
energy depletion, this may explain the increase
in oxidative stress and increase in ROS such as
superoxide anion (Oy¢), hydrogen peroxide
(H20,) and hydroxyl radical (OH") [28].

NO is a key signaling molecule that
regulates processes of the cardiovascular
system. 3 nitric oxide synthase (NOS) isoforms,
INOS, eNOS and nNOS, which differ in
distribution and function, catalyze a process
that results in the formation of NO [29]. The
increase in cardiac NO content may be due to
increase the production of cardiac myocyte
INOS mRNA which cause an increase in the
NOS activity and cardiac NO content that lead
to haematopoietic toxicity [21].

The obtained exceed in MDA and depletion
of GSH in ATR treated group may be through
the formation of secondary toxic oxidizing
species as peroxynitrite (ONOO) after the
interaction between NO and other ROS leading
to enhancement of lipid peroxidation [30].

The present study showed significant
increase in cardiac H,O, content that may be
due to decline in CAT activity, lead to H,0,
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accumulation and disrupt the heart structure
and functions, in addition to vascular
remodeling and endothelial dysfunction as
reported by [31]

N-acetylcysteine pre-ATR treatment
significantly decreases the content of cardiac
MDA, H;0, and NO relative to ATR given
group. The protective effect of NAC on ATR
induced haematopoietic toxicity run parallel
with previous study of [9]. NAC's hydrogen
atom on the thiol group is capable to
neutralizing free radicals, making it a useful
free radical scavenger in the body [32], this
explanation is consistent with [33] and may be
due to its actions in increasing oxygen free
radical scavenging activity and decreasing
damage caused by lipid peroxidative. The
obtained decrease in H,O, in this group may be
due to the increase in CAT activity [34].

Oral administration of ATR resulted in a
significant decrease in the cardiac content of
GSH and activity of cardiac SOD and CAT
these results are in consistent with the finding
of [35]. The possible explanation of these
results could be related to the proposed role of
GSH in the active excretion of ATR by binding
to the thiol group of GSH and then being

excreted [36]. A decrease in GSH content, a
principal antioxidant, could lead to oxidative
stress. Moreover, increased ROS consequently
depletes SOD activity that plays a substantial
role in oxygen dismutation and conversion of
highly reactive O, into H,O, thus inducting
OH’ production and oxidative stress in ATR-
intoxicated rats [37]. The reduction of CAT
activity may be due to the exhaustion of
antioxidant capacity through the ATR toxicity
which in concomitant with [38]

Rats administered NAC showed an increase
in cardiac GSH content, SOD and CAT
activities, which may be due to NAC efficiently
transported into the cell and converted to
cysteine for GSH synthesis, scavenging free
radicals, improving intracellular detoxification
and reducing ROS liberation [39].

5. conclusion

It seems that ATR disrupts the
haematological parameters, reduces the body
antioxidant capacity and increases lipid
peroxidation that represents a high risk for
CVD. NAC through its antioxidant ability and
anti-peroxidation property can protect the
myocardial membrane integrity reducing, the
risk factor for CVD.

Table (1): Hematologic parameters in the different groups

GroupsParameters Control NAC ATR NAC +ATR
RBCs (x10%mm°) 7.250.16 7.350.04 6.74+0.06° 7.16+0.12°
Hb (g/dI) 14.200.19 14.300.06 13.670.07 14.11+0.19
Ht % 39.96+0.22 40.38+0.37 37.76+0.11° 39.46+0.07"
WBCs (x10°/mm°) 13.78+0.422 13.38+0.8514 20.66+0.7011° 17.3+0.9191%
Neutrophil % 55.40+0.75 55.00+0.31 50.24+0.79° 54.24+0.67"
Lymphocyte % 36.00+1.10 36.06+0.53 42.82+0.57° 36.56+0.81"
Monocyte % 6.20%0.37 6.2420.19 5.5420.21 6.18+0.27
Platelets (x10%/mm°) 777.2434.43 701.6+27.30 572.4+38.17° 730.8+39.65"
e N N (0 )
20
2 E 10 %g
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0
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Fig. (1): Effect of administration of N-acetylcysteine (NAC) and atrazine (ATR) on cardiac content of A: MDA, B:

H,0,. C: NO in different experimental groups.
Data are presented as X +SE, n=5.
Values are expressed as X+SE, n=5

a: Indicated the significant change as compared to control group.
b: Indicated the significant change as compared to ATR group
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Fig. (2): Effect of administration of N-

acetylcysteine (NAC) and atrazine (ATR) on
cardiac content of A: GSH, cardiac activity of
B: SOD and C: CAT and the activity of serum
in different experimental groups.

Data are presented as X +SE, n=5.

a: Indicated the significant change as compared

to

control group.

b: Indicated the significant change as compared
to ATR group.
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