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Abstract: Atrazine (ATZ)is remaining as one of the most widely broad spectrum pesticide used to 

control on annual grasses and broadleaf weeds. While Chromium Cr (III) it has been used currently as 

food supplemented. The current study was designed to determine impact of Cr at 7,30 and 300ppm on 

liver was in absence or in the present of (25 and 50mg/kg) of ATZ for 6 weeks in rats. Results indicated 

that deficiency or supplementation with Cr did not cause measurable toxicity and has no obvious effect on 

oxidative stress or anti-oxidant enzymes and lipid metabolism. Furthermore, the results showed that the 

mixture increased level of Aryl Hydrocarbon Receptor (AhR), Reactive Oxygen Species (ROS). 

Moreover, the mixture had effects on antioxidants such as super oxide dismutase (SOD), Catalase (CAT), 

Reduced glutathione (GSH), activity where demonstrated more sever in liver tissue compared to Cr alone, 

especially as dose of ATZ increased. Moreover, as dose of Cr in the mixture was increased, the ROS, 

AhR, CAT, GSH activity was increased compared to low Cr values. However, SOD activity showed 

reduction in elevation of mixture concentrations. The results of this study suggest that there is synergic 

impact of co-exposure to ATZ and Cr on the parameters used as markers for liver toxicity in the current 

study. Further studies are warranted to investigate the interact of Cr and ATZ toxicity in more detail and 

to avoid having the Cr supplement where ATZ exposure is identified.    
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Introduction: 

 

Environmental and industrial 

persistent pollutants and pesticides, 

such as Atrazine ATZ which ongoing 

threating to human health with 

continuous exposure either through air 

or food(Jestadi et al. 2014). Atrazine (2-

chloro-4-ethylamino-6-isopropylamine-

1,2,5-triazine: ATZ) is a substance that 

can contaminate organisms at all tropic 

levels and their metabolites which 

would be cause of severe damage to 

these organisms (Nwani et al. 2010). It 

is well known for its persistence and 

powerful toxicity to hepatic cells and 

immunology system(Boffetta et al. 

2013) ATZ is widely used in USA since 

1960. Due to persistent of it under soil 

condition and its water solubility, it 

mostly contaminate many surface water 

or ground water where was found in 

70% of all fresh water (McElroy et al. 

2007) International Agency for 

Research on Cancer classified atrazine 

as possible carcinogenic to humans 

group 2B (Boffetta et al. 2013). Where 

several studies reported that ATZ 

exposure is associated with several 

health issues and cancers such as 

prostate cancer, dermatologic disease, 

reproductive system disorder and 

reparatory series diseases (Gely-Pernot 

et al. 2015) remarkable renal 
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dysfunction and renal cancer was 

noticed among animals exposed to ATZ 

(Lebov et al. 2015). Since ROS 

formation in hepatic cells meets all the 

required criteria to be considered as a 

serious situation of human health, it is 

essential to investigate the mechanism 

involved in the progression of their 

impact in present and absent of one of 

micronutrient such as chromium Cr.   

Chromium (Cr) is essential 

micronutrient mineral which should be 

consumed through the diet and is 

involved in various biological activity 

(Rudolf and Cervinka 2009) It exists in 

trace amount in some of the plant 

products, where Cr is in the 

trivalent(III) and hexavalent (VI). Over 

decades, the anti- hyperglycemic 

activity of chromium (III) and its 

complex that known to regulates insulin 

in the body so is widely used as 

nutritional supplement. The action of 

Cr(III) and its complex is mediated via 

increasing adenosine 5’-

momophosphate-activated protein 

kinase(AMPK)(Zhang et al. 2014). It 

has been reported that Cr (III) and its 

complex would be able when it is 

available in the supplement to regulate 

lipid metabolism (total cholesterol), 

normalize low and high density 

lipoprotein (HDL & LDL) as well as Cr 

(III)act to regulate triglyceride in 

diabetics (Suksomboon et al. 2014). 

Dietary supplements in functional food 

mostly has form of Cr (III). People with 

chromium (III) deficiency expressed 

inactive chromodulin which is 

important protein for enhance the 

signaling of insulin receptors and 

peripheral neuropathy with metabolic 

encephalopathy(Aupperle et al. 2001). 

Based on the author knowledge no 

study so far tried to explore the co-

exposure to Cr and ATZ to elicited the 

influence of Cr would be 

exacerbate/mitigate on ATZ toxicity 

even at low doses.  

Liver is one of the target organs of 

atrazine and Cr as reported in several 

research groups and big portion of ATZ 

would be ingested and bio accumulated 

in liver, thus, it is important to assess 

the changes in liver function and find 

out the rational relationship with 

chromium in different concentrations.  

Therefore, the present study is 

designed to assess Cr in its capacity to 

abrogate ATZ morbidity and find out if 

moderate Cr shortage augment of ATZ 

impact. Moreover, the extent of Cr 

which has been able to change in 

hepatic micronutrients that well 

associated with ATZ toxicity. The role 

of Cr which would contributes in ATZ 

influence will also be learned.  

 

Materials and methods: 

  

Fifty-four of Wister Albion male 

rats at 4-5 weeks and around 100-200 g 

weight were used in the present study.  

All the animals housed in wire hanging 

cages in very controlled environment 

room. An experiment procedure is 

approved by the university ethics and 

complied with the laws and ethical 

recommendations currently in effect 

where the experiments performed. 

Room temperature 22 °C and 12-hour 

light dark cycle was maintained through 

all the experimental time. Animals then 

divided equally to three groups 

depending on fed diet. Varying text of 

chromium (III) (7, 30 and 300ppm) 

added to normal AIN-93G based diet 

following (Aupperle et al. 2001). The 

first group divided to three subgroups. 

7ppm of chromium was chosen as lower 

level of Cr without resulting in 

deficiency to toxic level. 30ppm of 

chromium is adequate level as been set 

in normal AIN93G diet. 300ppm of 
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chromium level is supplemental level in 

rat diet. Animals were fed on their diets 

for three weeks. After 3 weeks feeding 

animals were administered through 

single IP injection to either normal 

saline or either 25mg/kg or 50mg/kg of 

body wet of atrazine. These doses were 

chosen based on studies investigated the 

effect of low doses of ATZ (Lim et al. 

2009; Xia et al. 2017).  While animals 

maintained on their respective diet, two 

weeks later animals were euthanized by 

carbon dioxide. Organs used in the 

current study were weighed and placed 

either in 10% formalin or flashed frozen 

in liquid nitrogen and kept in -80 °C for 

analysis. blood samples also were 

collected through cardiac puncture and 

collected in EDTA tubes.   

For lipid extractions, pieces of liver 

weighing 0.2 g were ground with 

diatomaceous earth operating a mortar 

and pestle. Lipid extracted as described 

some were else (Bunaciu et al. 2007). 

The extraction done using with 

chloroform and methanol (2:1 v/v) 

utilizing an Enhanced Solvent Extractor 

(Dionex, Sunnvale, CA). samples were 

evaporated after concentrated to dry 

them in pre-weighed vials and sited in a 

desiccator. The vials weighed more than 

three times in several days, weight and 

values were normalized to tissue 

weight.  

Two steps quantitative of Real 

Time-PCR were carried out to assess 

gene expression for selected proteins. 

RNeasy mini kit was utilized to isolate 

total RNA from hepatic tissue following 

kit instructions. cDNA reverse 

transcription kit. Cyp1A1 primer 

sequences used for the qPCR analysis 

of hepatic gene expression was (5’-

ccatgaccaggaactatggg-3’   5’-

tctggtgagcatccaggaca-3’ ) and B-actin 

sequence  

(5’-tagagccaccaatccacacag-3’  

5’-cagccttccttcctgggtatg-3’) 

OxiSelect in virto ROS/RNS kit 

were purchased from Cell biolabs (San 

Diego USA) for ROS determination in 

hepatic cells. The assessment conducted 

following manufacturer’s instructions. 

In brief, 10 and 20 mg of liver pieces 

homogenized in PBS and diluted to 

equal concertation. Fluorescence plat 

reader utilized to determine amount of 

ROS after DCFH2 and catalyst added to 

each well and incubated for 45 min. 

After incubation 480nm excitation and 

530nm emission set up fluorescence 

densities were compared from each well 

to DCF standard curve. All the values 

were normalized to tissue weight.  

Competitive inhibition assay was 

used to determine superoxide dismutase 

(SOD) activity as descried previously  

(Spitz and Oberley 1989; Spitz and 

Oberley 2001).  In this assay superoxide 

inhibition mediated in reduction of 

xanthine to xanthine oxidase. 

CuZnSOD activity inhibition employing 

5mM of sodium cyanide to conclude 

MnSOD activity. The activity of 

antioxidant is expressed as units in mg 

of protein following Lowry method 

where first time established in  (Lowry 

et al. 1951)  

Single cuvette and 

spectrophotometer employed to 

determine catalase activity CAT. 0.1 ml 

of H2O2 was added to 0.2ml of sample 

and the volume made up to 1ml using 

5mM of phosphate buffer at pH of 7.4. 

Absorbance change at 240nm was 

recorded after the mixture was 

incubated for 2 min at room 

temperature, the rate of change 

indicated to the decomposition of H2O2 

by CAT. Activities were calculated 

using the molar extinction(Simmonds et 

al. 1992).  

Reduced glutathione (GSH) was 

measured in the liver homogenates 
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according to assay described previously 

by Sedlak and Lindsay (Sedlak and 

Lindsay 1968) Through this method 

aliquots (0.5mL) of liver homogenates 

tissue were deproteinized with TCA at 

10%, supernatant was collected after 

centrifugation at 3000g for 10 min.  0.5 

mL of the sample supernatant added to 

4 mL phosphate buffer and 0.5 mL 

Ellman’s reagent, 5,50-dithiobis 2-nitro 

benzoic acid was mixed and incubated 

in the dark at 25C for 5min.  GSH 

standard used to compare it to yellow 

color that developed which was read 

immediately at 412nm using plate 

reader. The results in the current study 

were stated as microgram per milligram 

protein.  

Glutathione peroxidase (GSH-Px) 

activity was estimated following 

method explained in detail elsewhere 

(Abarikwu et al. 2017) with slight 

modifications. The method briefly, 

mixture of 0.5 ml sample supernatant, 

sodium phosphate buffer (0.5mL), 0.1 

ml sodium azide (10 mM), and 0.2 ml 

reduced glutathione (4 mM), finally, 0.1 

mL mM H2O2 was mixt.  The final total 

volume was brought up to 2.0 ml with 

duple distilled water. All the tubes were 

protected at 37 C for 3min and 0.5ml 

10% TCA was used to terminated the 

reaction. The residual glutathione 

content also determined in the present 

study as following; after centrifugation, 

the supernatant was removed and added 

to 4.0ml of 0.3M disodium hydrogen 

phosphate solution then 1 ml of the 

Ellman’s reagent were supplemented to 

the solution. A spectrophotometer was 

utilized to measure color development 

at 412 nm against a reagent blank 

containing only phosphate solution and 

Ellman’s reagent on. The enzyme 

activity was stated here as units per 

milligram of protein.  

 

Statistic:  

 

All the experimental repeated three 

times. Two-Way ANOVA analysis 

carried out using Graphpad Prism 6 

followed with Tukey multiple 

comparison. Significant differences 

were considered at p  0.05. The 

statistical analyses were accomplished 

by GraphPad InStat, ver- sion7.01 

(GraphPad, San Diego, CA). Moreover, 

a multiple linear regression (MLR) 

analysis with interactions conducted to 

evaluate overall variances and their 

directionality, i.e. increases or 

decreases. This was done using the proc 

reg function in SAS (v.9.3). 

 

Results: 

 

All the groups monitored for food 

intake through all the study period. 

Even though, no change in food 

consumption has been noticed, body 

weight increased with the time. Animals 

administrated to chromium showed 

significant elevation in weight 

comparing to sufficient at the end of the 

exposure time. ATZ exposure showed 

significant different in the weight 

comparing to the control of each group 

(figure 1).  

Aryl Hydrocarbon Receptor (AhR) 

activation was evaluated to ensure 

canonically seen pathologies associated 

with ATZ exposure and their alteration 

with dietary of Cr.  liver weight was 

significantly increased with ATZ 

exposure throughout Cr dietary groups 

(Figure 2A). Relatively great difference 

was observed among the diets where 

liver weight increased at 300ppm Cr 

comparing to 7 or 30ppm of Cr. 

Thymus weight was considerably 

decreased with ATZ exposure with no 

difference seen among the dietary Cr 
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levels (Figure 2B). The induction of 

CYP1A1 is likely the most well-known 

outcome of xenobiotic exposure and an 

efficient induction was seen with 

exposure (Figure 2C). Interestingly, the 

low dose of Cr supplemented, high ATZ 

exposure had a more robust induction of 

CYP450. This robust induction was not 

observed with Cr at 300ppm, high dose 

ATZ group where induction was more 

moderate. Extractable hepatic lipids, a 

measure of lipid accumulation, 

augmented with ATZ throughout the Cr 

dietary groups (Figure 2D).  

Reactive Oxygen Species ROS has 

long been associated with herbicide 

exposure such as ATZ and was assessed 

here to investigate the role of Cr dietary 

in justifying or augmenting the 

oxidative stress. Hepatic ROS, as 

assessed by changes in DCFH2 

oxidation, was amplified with ATZ 

exposure throughout the different Cr 

diets (Figure 3A). The basal dye 

oxidation levels in the complemented 

diet control treated animals was 

significantly elevated compared to the 

30 ppm of Cr, like that seen with 7ppm. 

The greatest ROS was seen in the 

300ppm of Cr and 50mg/kg of ATZ. 

Multiple linear regression (MLR) 

examination displayed that Cr in the 

diet positively affected the amount of 

dye oxidation.  In addition, level of 

superoxide dismutase SOD activity was 

valued for the antioxidant ability of the 

hepatic tissue.  All the SOD activities 

examined (CuZnSOD, MnSOD, and 

Total SOD), a decrease was obviously 

seen with treatment of ATZ, the 

promotion was most clearly seen with 

CuZnSOD (figure 3B) and total SOD 

activity (Figure 3D). Looking to the 

result would clearly noticed that 

CuZnSOD activity is altered somewhat 

by increasing Cr administration level; 

that is, inferior activity with the 7ppm 

and higher activity with the 300ppm 

diet. The variation of SOD activity also 

demonstrated in the total SOD level 

(figure 3D). CAT activity increased by 

ATZ exposure compared to the control. 

The activity of CAT was further 

increased with increasing level of Cr 

diet.  ATZ co- administered with 

300ppm Cr, CAT activity was even 

increased higher (figure 4A). 

Furthermore, GSH of hepatic cells 

increased at the end of the experiment 

whereas no significant change was 

observed with variety of Cr diets (figure 

4B). Glutathione peroxidase GSH-Px 

significantly increased and continue to 

increase with raising of Cr diet. 

Significant different between 7ppm Cr 

administration and 300ppm (figure 4C).  

  

 
 

Figure (1): Impact of Cr or Cr and ATZ on the body weight.  In the end of the experiment.  * 

represent p0.05 compared to control (no ATZ) in the same Cr diet group. 
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Figure (2): confirmation of hallmarks of ATZ induce hepatic toxicity. ATZ is known to activate 

NXR receptor so ordinary metrics were examed including liver (A) and thymus weight (B), 

CYP1A1 gene induction (C) and lipid accumulation in the liver cells (D). n=3 * represents p0.05 

compared to control (no ATZ exposure) in same Cr diet; # represents p0.05 compared between 3 

Cr levels of diet 
 

 
 

Figure (3): ROS induced by ATZ and three concentrations of Dietary. Total ROS in hepatic cells 

(A) along with CuZnSOD (B) mnSOD and total activity was measured to determine the change in 

ROS status caused by ATZ and Cr impact. n=3 *represents p0.05 compared to contral in same 

diet; # represents p0.05 compared to same treatment in extra Cr diet. 
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Figure (4): ATZ enhance antioxidants. Effects of different doses of ATZ on Catalase CAT (A), 

reduced glutathione GSH(B) and glutathione peroxidase GSH-px (C) activities in the liver cells 

n=3; * represents p0.05 compared in the same Cr treatment group; # represents P0.05 compared 

in the same Cr diet administration. 

 
 

Discussion: 

 

Toxic substance which effect on 

human health should be assessment to 

determine the sensitivity of toxicity and 

this is used to assets the degree of 

damage to target organs and 

physiological and behavioral 

obstruction (Nwani et al. 2010) In orally 

ingested atrazine the authors noticed 

that 15% of taken atrazine was detected 

in tissues such as liver and kidney(Ross 

et al. 2009). The rational explanation for 

the bioaccumulation of atrazine is 

probably due to the interact with 

phospholipid components of 

membranes which in turn would prevent 

atrazine excretion unless its undergoes a 

process that evaluate water 

solubility(Katagi 2010).  In the current 

study ATZ and Cr effect on the body 

weight and cause the raising in most of 

the treatment groups.  Previous studies 

noticed that, unlike the current studies, 

the body weights of ATZ exposed 

animals were generally decreased or 

unchanged. The different between our 

study and others is that the doses of 

ATZ used in these studies were 10 folds 

higher   (Cantemir et al. 1997; 

Fukamachi et al. 2004). The main 

interpretation is the acute exposure to 

elevated level of atrazine is toxic and 

this would affect to prevent weight gain. 

In contrast, Low dose exposure for long 

time lead to mitochondrial damage 

which is similar to characteristic of 

insulin resistance that cause weight gain 

(Lim et al. 2009).   

Clear marks of AhR activation in 

liver are established to include increase 

in cytochrome P450 expression, hepatic 

lipid accumulation as well as increase in 

liver and thymus weight(Lai et al. 

2010). All these hallmarks were 

investigated in the current study. The 
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results were indicative of a positive 

AhR activation with ATZ exposure and 

Cr diet showed even more significant 

increase in the activation of AhR 

gradually with different Cr diet.  Liver 

and thymus weight was dose dependent 

increased with both exposures. 

Furthermore, CYP450 induction 

synergicly increase with both 

administration. These finding is 

consistent with earlies study which 

indicated that ATZ can increase CYP 

expression by activating AhR (Xia et al. 

2017).  Alternately, pervious work 

showed that Cr do not effect on 

CYP450 activity alone (Elbekai and El-

Kadi 2007).  It has been observed in rats 

treated with atrazine that intracellular 

lipid content which support the 

interpretation for atrazine induce 

mitochondrial damage affects the 

insulin resistance and fat accumulation 

in metabolically tissue (EHIMIGBAI 

2016).   

Growing evidence reported that 

ATZ induce oxidative stress and cause 

hepatic damage and disrupt liver 

function by altering plasma ion levels at 

250 and 500mg/kg and higher (Lin et al. 

2016). Reactive Oxygen species ROS 

generated through ATZ ability to 

enhance oxidation production, 

suppressing antioxidant enzymes 

activity(Erinle et al. 2016; Liu et al. 

2014). In the present study, ROS 

elucidated using dye oxidation; the 

degree of exacerbation/ mitigation by 

Cr diet also explored here. The study 

showed elevated level of ROS at 25 and 

50mg/kg added to the Cr diet and this 

induction was higher at 300ppm of Cr 

supplement comparing to 7ppm. 

Interestingly, Cr alone showed no 

significant different in all the 

supplementation diet. This is contrary to 

what suggested previously where 

several studies reported increase level 

of ROS after Cr supplementations 

(Hassoun and Stohs 1995; Pandey et al. 

2009; Wang et al. 2011). We think the 

does which had been used in our study 

was not high enough to produce any 

change alone. The most interesting 

results is that adding ATZ increased Cr 

ability to produce significant ROS. 

Superoxide dismutase activity SOD was 

decreased with combination of diet and 

ATZ exposure, consistent with what 

reported earlier (Erinle et al. 2016; Lim 

et al. 2009; Xia et al. 2017). Contention 

exists weather Cr dietary alone cannot 

alter the activity of Cu/znSOD or 

MnSOD (Doddigarla et al. 2016; Sinha 

et al. 2005) however other work showed 

Cr supplement do not alter SOD activity 

(Feng et al. 2015). Any decrease in 

SOD activity was depended on 

treatment of ATZ. Surprisingly, the 

SOD reduced at 300 ppm Cr and 

50mg/kg exposure comparing to lower 

combination of Cr and ATZ. Decrease 

anti-oxidant enzyme as first defense 

would be due to impact of combination 

on gene expression or excessive 

intracellular superoxide induced which 

consumed much SOD and cause 

depletion of SOD activity(Zhao et al. 

2014).   

In birds, ATZ below 250 mg/kg 

activate Nrf2 pathway to protect against 

oxidative stress and enhancing 

antioxidants activity. Conversely, ATZ 

over 500mg/kg induced oxidative stress 

and apoptosis through suppressing 

antioxidants (Zhang et al. 2017).  In 

agreement with our results where we 

noticed increasing in level of CAT as 

promoted after co-exposure to ATZ and 

Cr.  Increase Nrf2 expression would 

induce the elevated in GSH and Gpx 

which consistent our work with ATZ 

exposure done earlier in several 

studies(Gandar et al. 2017; Zhang et al. 

2017; Zhao et al. 2014).   
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Taking together the results, it can 

be assumed that Cr-ATZ co-exposure 

has potential to impair liver cells much 

more than which is observed with Cr 

treatment alone through the induction of 

hepatic oxidative damage. 

Consequently, the risk of ATZ induced 

liver damage may be highly influenced 

by Cr supplemented especially at high 

doses. This finding would approve a 

crucial insinuation for health especially 

for occupational exposure to ATZ and 

having Cr as food supplement. further 

studies are needed to better understand 

the effects of atrazine, including the 

chronic effect of low doses and 

targeting other organes.  
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