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Abstract:  

Background: Atrazine (ATZ)has been associated with its capability to interact and damage DNA in neuronal 

cells. However, the molecular mechanisms of ATZ are not fully understood. In vitro and In vivo studies indicated that 

atrazine induces cytotoxicity and oxidative stress in human and animals. This study sought to determine the role of two 

antioxidants against the toxic impact of atrazine. Main Methods: N27 cell line pretreated to N-acetyl Cysteine NAC or 

Ascorbic acid AA alone or in combination before 24h atrazine exposure. Multiple intercellular antioxidant parameters 

measured such as (GSH, GSSG, MDA). Genotoxicity represented by single gel electrophoreses assay (comet assay). 

Results: the outcomes of this work demonstrated that higher protection against atrazine exposure at combination of 

NAC and AA comparing to the single exposure to each. The antioxidant acted in synergistic way to rescue cells from 

reactive oxygen species generated from atrazine exposure. DNA breaking or damage also prepared in better way in 

combination exposure comparing to the single exposure. Conclusion: the evidence of atrazine increase the oxidative 

damage have been approved by enhancing defense system to increase cell availability and DNA repair. While 

antioxidant (NAC&AA) prevent oxidative damage that causes by atrazine via increase cell viabilities and DNA fix.  
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Introduction:  

 The main contribution of environmental 

pesticides that influence on etiology neurons 

dysfunction, is now being broadly recognized(1). 

Atrazine ATZ is widely used as agriculture pesticides 

and now it is documented as one of the most risk 

neurodegenerative causes(2). Recently, atrazine is 

continually persisting in environment of many 

contraries (3).  Chronic exposure to atrazine cause raise 

and accumulation level in several species including 

fish, frogs and rodents (4-6) 

In vitro studies on variety of cell lines, exposed to ATZ, 

showed decrease in cell growing(7, 8). Furthermore, 

human’s and animal’s studies confirmed the 

connotations between ATZ exposure and cancer 

incidence. Apoptosis and oxidative stress rises were 

inveterate in toxicity of ATZ in most of these studies(9, 

10).     

N- acetylcysteine (NAC) is serve as a potent 

Reactive Oxygen Species (ROS) inhibitor and been 

known widely to counter the adverse effects that arising 

from oxidative stress (11). It is working to increase 

intracellular GSG and can easily act as precursor to 

GSH biosynthesis through been resource for sulfide 

group. In addition, it is stimulator of the cytosolic 

enzymes at the cellular level which included and work 

in glutathione regeneration(12). 4- hydroxynonenal 4-

HNE would induce neuronal death can be inhabited and 

protected by NAC (13). The effectiveness of NAC in 

protecting cell has been understood with context of 

mechanism including oxidative stress(14)  

Ascorbic Acid AA is the reduced form of 

vitamin C which is essential for metabolite for a variety 

of organisms(15). It is found in multiple fruits and 

vegetables and can be synthesized from glucose in liver 

of some mammalian to allow the conservation of 

physiological levels(16). In human, the lack in enzymes 

included in AA synthesis making the exogenous 

sources are the only sources(17). The exogenous 

nutritional source led to classify it as vitamin and it has 

been reported that its deficiency caused scurvy 

disease(18). It is playing biological role by antioxidant 

action with variety of cellular function. Its activity 
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inside the cells are included; detoxification activities, 

contribute in some enzyme action as an enzyme co-

factor. Moreover, it is categorized as one of the first 

line antioxidant defense compound and it can protect 

lipid membrane and save DNA and proteins from 

oxidative damage(19, 20).  

Even though, the mechanism of pretreatment in 

NAC and AA protecting cells against oxidative stress 

produced by atrazine is still not clearly elucidated. In 

the current study, we systematically tested 27 different 

grouping of NAC/AA to find out the optimized 

concentrations which can produce maximum protection 

to N27 cells suffering from atrazine influence. We then 

clarified the role of single exposure and compared to 

co-exposure to both antioxidants. The identification of 

their roles included the antioxidant and DNA single or 

double broken as consequence of atrazine damage.  

 

Materials and Methods:  

All the chemicals purchased from Sigma 

Chemical Company (St. Louis, MO). unless mentioned. 

The immortalized rat mesencephalic dopaminergic cells 

(N27 cells) were obtained as gift and cultured in RPMI 

1640 medium that supplemented with 10% fetal bovine 

serum (FBS), 2 mM L- glutamine, 50 units of 

penicillin, and 50 μg/mL streptomycin. The previous 

media referred as completed media. To prompt cell 

differentiation, cells were incubated with 3mM of DB-

cMAP in complete media for 48h. The perfect 

condition for these cells is that cells were grown in 5% 

CO2 at 37◦C and growth factor added, until they were 

60–70% confluent. After culturing and cells reached the 

wanted confluent, cells were plated in 6-well plates at a 

density of 25,000 cells/well. All the exposures were 

initiated for the differentiated N27 cells.  

 Atrazine, 2-chloro-4-(ethylamine)-6-

(isopropylamine)-s-triazine ATZ (purity: 98.9%) were 

purchased from Chem Service, Inc. (West Chester, PA, 

USA). ATZ were freshly prepared in a 75-mM stock in 

0.5% of ethanol. The cells were pre-incubated with 0.1 

to 0.9mM of ascorbic acid which prepared daily or/ and 

with NAC at final concentration of 1-9mM for 2h 

All the pretreatments and atrazine treatments 

were made in a complete RPMI medium. All the 

experiments conducted in triplicate   

The experiment designed as following  

 

 

 

 

 

 

 

 

   

 

 
Cell viability:  

Cell feasibility was assessed by trypan blue 

staining and MTT assay. Cells were detached with 

0.05% trypsin. Cells centrifuged and cell pellets were 

re-suspended in 100μl Hank’s buffer. Mixture of 5 μl 

cells and 5μl trypan blue solution (Invitrogen) were 

used to count the cells. Cell viability was determined by 

counting the viable cells and dead cells by phase 

contrast microscopy. For the MTT assay, 

methylthiazoletetrazolium (MTT, Sigma) was added to 

culture medium (final concentration at 0.4 mg/mL) and 

incubated for two hours. Culture medium was removed 

and precipitates were dissolved in 0.04 M HCl in 

isopropanol. Cell viability was measured by a plate 

reader at OD590. 

 

GSH Analysis:  
HPLC were used to measure the reduced GSH 

levels. The HPLC system (Shimadzu) contained a 

model LC-10A pump, an injector with a Rheodyne 

insertion controller with a 20 lL stuffing loop, and a 

Model Rf-535 fluorescence spectrophotometer that 

functioning at an excitation wave length of 330 nm and 

a 375 nm of emission wave length. The HPLC column 

was 4.6 mm and was filled with 5 lm atoms of C18 

stuffed material. Chromatopac Model CR601 integrator 

(Shimadzu) was utilized to quantify the peaks from the 

HPLC system.  The mobile phase was performed with 

70% acetonitrile and 30% water adjusted to a 2.5 of pH 

with adding 1 mL/L of both acetic and o-phosphoric 

acids. The products were calculated from the column at 

a flow rate of 1 mL in minute.  

Before we started cells were homogenized in 

grade water (HPLC water). 20mL of the diluted cell 

homogenate was mixed with 230 ml of HPLC water 

and then added to 750ml of NPM. Product solutions 

were kept for 5 at room temperature. 5 ml of 2 N HCl  

was added to stop the reaction. Finally, all samples 

were filtered through a 0.2 mm filter and injected into 

the HPLC system (21).  

 

Figure 1: Experimental design. Atrazine (ATZ), N-acetyl-

L-cysteine (NAC), Ascorbic Acid (AA) 
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GSSG Analysis:  
HPLC also used to detect level of oxidized 

glutathione (GSSG). 40 ml straight cell homogenate 

added to 44 ml of HPLC grade water, and mixed with 

16 ml of 2- vinyl pyridine. The mixture was incubated 

at dark for 1h in room temperature for block any 

preexisting GSH. 1h later, mixture of 95 ml of a 2 

mg/mL solution of NADPH and 5ml of 2 units/mL 

glutathione reductase solution were added to the 

original solution. 150ml of aliquot from pervious 

mixture was mixed with equal amount of HPLC water 

and then750 ml of NPM also added. 5min later the 

reaction was stopped by adding 5 ml of HCl. To 

purified the samples, all samples were filtered before 

HPLC injection (21). 

  

MDA Analysis:  
For MDA measurement reverse –phase of 

HPLC system was used as previously described (Draper 

et al. 1993) with some modification. Briefly, 350 ml of 

straight cell homogenate added to 100 ml butylated 

hydroxytoluene, and 550 ml of 10% trichloro acetic 

acid. The mixture was merged and boiled for 30 

minutes. Then cooled on ice and centrifuged for 10 

min. 500ml of the supernatant was removed and added 

to 500ml of thiobarbituric acid. The samples were 

boiled again for 30 minutes, and then cooled on ice. 500 

ml of result solution was removed and mixed with 1.0 

ml of n-butanol. The mixture was then vortexed, and 

centrifuged for 5 min to facilitate a phase separation. 

The top layer was then filtered and injected into a 

reverse-phase HPLC system. The mobile phase 

comprised of 0.6% tetrahydrofuran 69.4% sodium 

phosphate, 30% acetonitrile. The excitation wavelength 

was 515nm; the emission wave length was 550 nm.  

 

Single cell preparation and comet assay:  
several techniques can be used to assess DNA 

fragmentation such as micronucleus and chromosomal 

aberration assays(22). single-cell gel electrophoresis or 

comet assay, A suitable approach for evaluating DNA 

damage or broken which is reported as simple, 

sensitive, and fast technique for counting and analyzing 

DNA impairment in separate cells(23).  After all the 

treatments, the cell suspended in phosphate buffered 

saline(PBs). Then, thry homogenized in Nisei Ace 

Homogenizer. Afterward material was centrifuged at 

5009g for 3 min and suspension generated is used. The 

alkaline single cell gel electrophoresis of N27 cells was 

completed as following. In brief, normal melting point 

agarose (NMPA) (1.0%) was prepared in (PBs), 

agarose melted using  micro-waved. Thin layer of 

NMPA on frosted slides were prepared. Diluted sample 

with 1% low melting point agarose (LMPA) was loaded 

and evenly spread. The slides were saved on ice for 15 

min to let the gel to harden. The third layer of 0.5% of 

agarose was added onto each slide and retained to be on 

ice for 10 min. The slides were kept in lysing solution ( 

2.5 M NaCl, 100 mM EDTA, 10 mM Tris)  with 10% 

DMSO and 1% Triton X-100. After that, all the slides 

placed in electrophoresis buffer for 30min. the cells 

then trsported utilizing a horizontal electrophoresis 

platform in fresh, chilled electrophoresis buffer for 15 

min at 28 V and 300AM. Tris–HCl buffer (pH 7.5) 

used for neutralized and stained with ethidium bromide 

and examed with fluorescent microscope and DNA 

damage qualify(24).  

 

Protein Assay:  
The protein level was determined following the 

Bradford method with Coomassie Blue (Bio-Rad) (25). 

  

Statistical Analysis: 
One-way -ANOVA with Bonferroni post-test 

multiple comparisons post-test was performed for 

analysis using GraphPad Prism version 7.0 software 

(GraphPad Software, Inc., San Diego CA). p values < 

0.05 were reflected statistically significant. 

 

Results: 
 Expose N27cells line to different concentration 

of ATZ for 24h showed cytotoxicity dependent of does 

manner and the reduction in cell viability start to be 

significant at 200 μM up to 300 μM figure (2A). In this 

study, we pre-treat cells with NAC or AA to protect cell 

against atrazine induced cell death. The outcome of this 

study showed that NAC reduce the toxicity of atrazine 

but is not efficient enough to produce fall recovery of 

atrazine action figure (2B). As shown in figure (2C), 

pre-incubation with AA alone enhance the protection 

alongside the atrazine exposure but still not efficient 

enough to remove the toxic impact of Atrazine toxicity.  

 MDA measurement results explained that 

atrazine would significantly increase MDA level. 

Single exposure to NAC or AA exhibited significant 

different comparing to the control (without any 

treatment) and revealed significant different comparing 

to 300 μM atrazine exposure. Furthermore, NAC/AA in 



University of Thi-Qar Journal Of Science (UTsci) 
Website: http://jsci.utq.edu.iq                                                                                   Email: utjsci@utq.edu.iq 

Volume 6, Number 4, June 2018 

 

46 

 

combination indicated return MDA level close to the 

control figure (3A). 

 Atrazine exposure depleted GSH from the cell. 

Treatment with NAC as GSH precursor displayed 

significant different with control as well as with 

atrazine alone. In other word, single exposure worked 

to bring up the GSH level to the normal but it was not 

meaningful enough to be impersonator to control level. 

AA exposer also served as NAC single but was not as 

what has demonstrated with co-exposure to NAC and 

AA figure (3B).  

 Moreover, the induction of GSSG after 24h 

exposure to atrazine reduced at NAC or AA single, but 

the reduction was significant to the control and atrazine 

exposure. Pre-treatment for 2h to NAC and AA was 

adequate to resolve the influence of atrazine exposure 

figure (3C).   

 Comet assay results demonstrated that amount 

of DNA in the tail increased comparing to the head 

after atrazine exposure. DNA amount decreased after 

pre-treatment to NAC or AA separately. The 

combination was satisfactory to repair the DNA table 

(1) and figure (4). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

Figure 2: N27 cells viability, (A) cells exposed to (50-300 

μM) for 2h. ( B) cells pretreated for 2h to NAC then to 

atrazine for 24h. (C) cells pretreated with AA alone for 

2h before atrazine exposure. (C)  pretreatment of N27 

cells to AA and NAC at different concentration to figure 

out best combination impact with atrazine exposure for 

24h. 

Figure 3: Intercellular of GSH, GSSG and MDA in N27 

cells with and without pretreatment with NAC or AA for 

2h. (A) GSH. (B) GSSG. (C) MDA. * significant different 

compared to the normal control cells; # significant 

different compared to atrazine treatment at 300 μM for 

24h, P<0.05. 

Figure 4: Comet assay pictures showing the control cells 

with intact DNA and exposed cells with tail where broken 

DNA migrated 

Table 1:  Comet assay parameters after single and double 

exposure. * significant different compared to the normal 

control cells; # significant different compared to atrazine 

treatment at 300 μM for 24h, P<0.05. 

Figure 4: Comet assay pictures showing the control cells 
with intact DNA and exposed cells with tail where broken 

DNA migrated 
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Discussion:   

Our results elucidate that pretreatment with 

thiol antioxidant NAC and vitamin C in combination 

would potentially protect against ATZ neurotoxicity 

and exerted the main action of reactive oxygen species 

effect better than individual antioxidant exposure. As 

well as we showed that the protection with combination 

of antioxidants may be able to inhibit the impact of 

ATZ capacity to break down DNA comparing to single 

exposure.  In the current study, we treated N27 cells 

with various concentrations of Atrazine for 24h.   

Because ATZ can provoked alternation in intracellular 

ATP to be less efficient, it will cause toxicity to 

dopaminergic neurons(26).  The toxicity started to be 

significant comparing to the control at 200 μM was 

below the atrazine stated to cause neuron toxicity, 

which typically reported at 300 μM in previous studies 

and in our study as well (27, 28). Atrazine would also 

influence on the cell morphology and this would have 

led to energy perturbation and increasing in ADP: ATP 

ratio. Augmentation level of ADP and the alteration in 

level of ATP can be correlated with increase cell death 

in neuronal cells (29). Evaluation the protection effects 

of NAC action as antioxidant, cells were pre-incubated 

for 2h with NAC. Several studies have shown that NAC 

and AA can suppress atrazine induced in brain (30, 31) 

One mechanism by which NAC may prevent the impact 

of toxicant via its antioxidant effects such reactive 

oxygen species or enhancing GSH level (30).  It has 

been approved that both AA and NAC are analogue and 

precursor of glutathione and they are able to possess a 

broad array of biological properties which are 

fundamentals in the pathophysiological protective 

under certain circumstance, they are acting as pro-

oxidant more than anti-oxidant (31). Previous study 

demonstrated that the pretreatment in NAC and AA 

would promote cell proliferation through their action to 

suppress cyclin dependent kinase inhibitor in stem cells 

(28).  

Atrazine suppressed GSH in N27cells which is 

reduced by atrazine. Generally attenuated level of GSH 

will reduce the protection of neuron from reactive 

oxygen species ROS that generated from  reactive 

species such as hydrogen peroxide and superoxide(14) 

There for, this study was designed to  investigate 

weather atrazine alters GSH level and role of double 

antioxidants effect . GSH depleted with 24h exposer to 

atrazine at 300 μM. Next, we assessed the role of NAC 

and AA as GSH precursor that save cells from atrazine 

influence. While the treatment with each of NAC or AA 

alone mad some alteration in the GSH level, the 

combination showed better results, which was close to 

the control. NAC could enhance GSH inside the cells. 

This result will confirm role of oxidative stress as an 

early event of atrazine exposure because neurotoxicity 

would be attenuated by increasing some of antioxidants 

as Trolox and GSH(32).  Furthermore, loss of protein 

sulfhydryl, including transporter proteins, might be 

associated with GSH depletion after (33). 

Environmental adulteration may be cause lipid 

peroxidation and DNA break directly through their 

parental or metabolites or secondarily by ROS 

generation (34). The significant induction of GSH can 

protect DNA from damage. Therefore, besides 

measuring GSH as antioxidant biomarkers, we 

evaluated DNA damage with pre-treatment to single 

and double of antioxidant following by atrazine to 

measure their role in protections. Oxidative stress 

induction comping atrazine exposure, initiation ROS in 

cells trigger DNA damage due to obstruct DNA repair 

enzymes(35, 36). Our results, using comet assay to 

evaluate the toxicity outcome, showed increase DNA 

damage with atrazine exposure but the antioxidant 

improved this impact. The present study confirms the 

genotoxicity of herbicide increased and the antioxidant 

would reduce this disruption, this observation is 

supported by other studies (37)         

Even though, there is different in the structure 

feature and intrinsic characteristic of GSSH and MD, 

they are significantly influenced by atrazine exposure. 

Atrazine caused GSSH and MDA increased and this 

induction could be also related to the rising formation 

of ROS as an optical defense mechanism(38).  NAC 

and AA are also reported to scavenge free radicals by 

aggregate level of GSSH and MDA(39). The second 

experiment was to test weather NAC or /and AA could 

protect N27 cells from Atrazine oxidation effects. In 

this experiment, we treated N27cells with different 

concentrations of NAC alone or AA alone and the 

combination of both for 2h followed by exposure to 

atrazine for 24h showed that N27 cells were 

significantly saved by combination of NAC and AA in 

does dependent manner.  

In summary, pretreatment with mixture of 

antioxidant would protect neuronal cells from oxidative 

damage produced by atrazine through oxidant reduction 

and DNA protection. The author strongly recommended 

to consider NAC and AA in the nutrition or treatment 

to workers or farmers who expose to atrazine.   
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