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Abstract 

 

Atrazine (ATZ) is one of the most extensively used herbicides globally. It is 

classified as an endocrine disruptor chemical (EDC), interfering with several 

physiological functions. L-carnitine (LC) and quercetin (QT) have been shown 

to have significant antioxidant actions. Therefore, this study targeted to inspect 

the beneficial effects of LC and QT to defend againstameliorate ATZ toxicity 

through studying their effects on body weight, body weight gain, and hemogram 

in adult male rats. In light of this, four groups of seven adult male albino rats 

were established. The groups were control, ATZ, ATZ + LC and ATZ + QT and 

the experiment lasted for 56 days. Results showed no significant impacts on 

body weight (P > 0.05) in all groups. Additionally, compared to control group, 

ATZ dramatically decreased body weight gain (BWG) (P < 0.001). Moreover, 

rats that got ATZ plus the other treatments also showed a reduced BWG (P < 

0.001). Moreover, ATZ intensely decreased the proportion and concentration of 

Hb, RBCs, WBCs and platelets counts (P < 0.001). Notably, administering LC 

restored Hb concentration and percentage, RBCs, WBCs and platelets counts to 

control levels (P < 0.01). Furthermore, Hb concentration and percentage were 

enhancedincreased numerically with QT. While ATZ reduced RBC, WBC, and 

platelet counts, QT markedly increased those counts (P < 0.01), though it did 

not bring them back to control levels. There were no discernible changes (P > 

0.05) between the groups for the other hemogram parameters. Thus, LC and QT 

could be considered excellent candidates to abate the adverse effects of ATZ on 

hemogram. 

Article  information 
 

Received:18 May 2024 

Revised: 7 June 2024 

Accepted: 23 June2024 

 

Key words     
Atrazine, 

L-carnitine , 

Quercetin , 

Hemogram , 

Rats. 

 

1. Introduction  

            It has been reported recently that there are certain 

exogenous substances known as endocrine disruptors (EDs) that 

have negative impacts on reproduction in both humans and 

animals by interrupting the biosynthesis, release, transporting 

activity, binding, action, or removal of endogenous hormones 

(1).  (ATZ) is one of the most common EDs and it was noticed 

to be found in the final category of chemicals in the initial Tier 

(1) screening in the EPA's Endocrine Disruptor Screening 

Program (EDSP) in 2009 (2,3).  

 ATZ, one of the world's most commonly used herbicides, 

routinely contaminates both human and animal drinking water 

(4). It exerts its effects on metabolism and reproduction, 

upsetting plant metabolic processes (5), and it is a strong 

endocrine disruptor that makes vertebrates, including humans 

and animals, have hormonal imbalances (6). Little doses may 

have no noticeable effects, but somewhat greater exposures may 

disrupt certain physiological processes, such as elevated activity 

of detoxifying enzymes, elevated stress hormones, or behavioral 

changes (7).  

It has been demonstrated that ATZ can impair immune system 

activity, raising the risk of cancer and infectious diseases.   use 

of ATZ lowered interleukin synthesis in human blood cells, as 

well as interferon and tumor necrosis factor (8). The use of ATZ 

, in rats for 24 consecutive weeks, caused severe lymphopenia 

(both T cells and B cells) (9). Hematological measurements 

including hematocrit, red blood cell counts, and hemoglobin 

levels were all observed to be significantly decreased by ATZ 

(10).  

           Naturally occurring as a tiny, water-soluble molecule, L- 

carnitine (3-hydroxy-4-N-trimethylaminobutyrate) is an amino 

acid found in meat and dairy products (11). During the beta-

oxidation process in skeletal muscles, LC is crucial for moving 

free fatty acid to the mitochondrial matrix (12,13).  

It has been noticed that the RBCs and its indicators were 

markedly enhanced by LC. Hemoglobin concentration, mean 

cell volume (MCV), mean cell hemoglobin (MCH), and mean 

cell hemoglobin concentration (MCHC) are all improved after 

receiving LC treatment (14). Erythrocyte stability, 

erythropoiesis, and hyperlipidemia are all positively impacted 

by LC (15). It has been determined that the presence of LC 

J. Mod. Res. 6 (2024) 121-127 
 

  

mailto:omniyaesam@mu.edu.eg


     

 

 

  Abdel-Aziz  et al. 

corrected anomalies in RBC deformability, which in turn caused 

the hematocrit to rise (16). It has been noted that LC plays a 

significant protective role against oxidative damage caused by 

elevating H2O2. This function counteracts the detrimental 

effects of oxidative stress on the red bone marrow and 

erythropoiesis (17). Consumption of LC in food has a major 

effect on the control of erythropoiesis as well as inflammatory 

and immune cells (18). 

(QT),, a bioflavonoid found in many fruits, vegetables, and 

drinks, has been extensively investigated in various scientific 

studies to display high antioxidant activity as well as favorable 

effects on cellular apoptosis and inflammation (19). QT is 

recognized as one of the excellent options in the amelioration of 

environmental contaminants-induced diverse unfavorable 

effects, which is accounted for its biological capabilities against 

oxidative stress, inflammation, and cancer (20,21). Dietary 

treatment with QT enhanced the haemato-biochemical changes 

and relieved oxidative stress brought on by exposure to 

abamectin (22). Treatment with QT was shown to reduce the 

harmful effects of Cd, including thyroid gland activity and 

hematological damage (23). 

However, the information regarding the beneficial roles of LC 

and QT against ATZ toxicity on hematological parameters is 

still scarce. Therefore, the current study was conducted to 

evaluate the physiological effects of LC and QT in combating 

ATZ toxicity in adult male rats by assessing hematological 

parameters, body weight, and body weight gain (BWG).   

2. Materials and methods 

2.1. Chemicals 

The toxicity experiments were conducted using ATZ (organo-

chlorine herbicide) with 80% purity. ATZ powder (80% W/W) 

was bought from Syngenta Company and imported by Elnasr 

Pharmaceutical Co. in Egypt. ATZ powder was suspended in 

sterile distilled water to produce a stock suspension that 

achieved the recommended dose of 120 mg/kg BW. It was 

freshly prepared every day. The supplier of LC was MEPACO-

MEDIFOOD Company for Pharmaceuticals and Medicinal 

Plants, Sharkeya, Egypt. The capsules had a dose of 350 mg per 

capsule and came in a package of 20. Capsules were opened and 

dissolved in distilled water (to get the required dose of 200 

mg/kg BW), and the solution was prepared every 2 weeks. QT 

dihydrate powder was purchased from  S. D. Fine Chem Ltd. 

company, Purity. ≥95% (HPLC), Mumbai-India. It is water 

suspended, and the suspension was prepared by  suspending it 

in sterile distilled water (to get the appropriate dose of 25 mg/kg 

BW) to make a stock every 2 weeks. 

2.2. Animals and experimental protocol 

This study was conducted using 28 adult albino rats (Sprague 

Dawley) weighing between 150 and 180 gm BW. They were 

obtained from Minia University, Faculty of Medicine's animal 

house. All of the animals were kept under sanitary conditions. 

The animals were allowed unlimited access to standard food 

and tap water. They were housed in ventilated polypropylene 

cages with stainless steel mesh covers and bedding 

manufactured from clean wood shavings. The temperature was 

maintained at 22°C. They were allowed 15 days to acclimate to 

the lab environment before starting the experiment. All 

experiments were under the guidance of the rules of the 

Institutional Review Board of the Ethical Committee of Animal 

Care and Use in Scientific Research of the Faculty of 

Veterinary Medicine, Minia University (IRB-FVM-MU) with 

approval number: IRB-FVM-MU-2024-108. 

The animals were divided into four groups randomly (7 animals 

per group) as follows: 

1) Rats in the control negative group (control group, n=7) 

were gavaged 1.5 ml of distilled water.  

2) Each rat in the second group (the ATZ group, or 

"control positive") was given 120 mg/Kg BW of ATZ solution 

in accordance with Abarikwu & Farombi (24).  

3) The rats in the third group (ATZ+ LC) received LC 

(200 mg/Kg BW) one hour before gavage by 120 mg/Kg BW of 

ATZ solution following Bazotte & Lopes-Bertolini (25).  

4) Similarly, rats in the fourth group (ATZ+QT) received 

QT (25mg/Kg BW) one hour before gavage by 120 mg/Kg BW 

of ATZ solution according to Jahan (26).  

All treatments including the control were carried out using 

stomach tube gavage once daily for consecutive 56 days (27).  

2.3. Body Weight and Body Weight Gain  

Starting body weight for each rat was recorded at the beginning 

of the study and the rats were weighed again at the end of the 

study period (56 days) to calculate BWG. Furthermore, the total 

weight was calculated using the final body weights that were 

reported to each rat at the conclusion of the study.  

2.4. Blood Sample Collection:   

At the end of the study, each rat was anesthetized using 

Ketamine HCL 90mg/kg. bwt. and Xylazine HCL 5mg/kg. bwt. 

according to Hohlbaum et al. (28), then separate samples of 

blood were collected from each rat individually, from the retro-

orbital venous plexus according to the previously described 

method (29), in vacuum EDTA tubes and stored at 4 C° for 

further analysis.  

2.5. Assessment of hematological parameters: 

An automatic CBC analyzer (MS4Se® VET hematology cell 

counter from msla Austria) was used to determine the 

assessment of hematological parameters, The fully automated 

hematology analyzer MS4Se® provides the following 

parameters (Leucocytes, Lymphocytes, Monocytes, 

Granulocytes, Erythrocytes, MCV, HCT, MCH, MCHC, RDW, 

Hb, PLT, MPV, PCT, PDW.)) with a 3-part differentiation of 

the leukocytes (lymphocytes, monocytes, granulocytes). The 

sample volume is 12μl whole blood (capillary or venous). 

2.6. Statistical analysis: 

The SPSS program, version 20 Inc., Chicago, IL, USA, was 

used to conduct the statistical analysis. Standards errors of mean 

(SEM) ± means were used to report the results. Test groups and 

control group means were compared using one-way ANOVA, 
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and Tukey's test was used to assess post-hoc comparisons. It 

was decided to use a P-value “0.05” as a significance threshold. 

3. Results 

3.1. Body weight and body weight gain in control and 

treated animals. 

The findings of body weight and BWG were demonstrated in 

Fig. 1. It has been noted that ATZ has no significant effects on 

body weight compared to all other groups (P > 0.05).            

Furthermore, in comparison to the rats in the control group, 

ATZ reduced BWG significantly (P < 0.001). In addition, BWG 

was found to be lower when rats were co-administered ATZ 

with LC or QT (P < 0.001) in comparison to the control group.  

 

Figure(1): Body weight (BW), body weight gain (BWG) in control 

and treated animals. 

ATZ: Atrazine, LC: L-carnitine, QT: Quercetin. 

Data are expressed as mean ± standard error of the mean. 

* P < 0.001 versus the control group. 

ns: Values are not significantly different from one another (P > 0.05). 

3.2. Complete blood picture characteristics in control and 

treated animals. 

As shown in Fig. 2, Hb concentration and percentage as well as 

RBCs and platelets counts were significantly reduced with ATZ 

compared to the control group (P < 0.001). Interestingly, 

treating animals with LC significantly reduced the negative 

effects of ATZ and returned concentration and percentage of 

Hb, RBCs and platelets counts to control levels (P < 0.01). 

Furthermore, QT was also effective in significantly enhancing 

the RBCs and platelets counts that were reduced by ATZ (P < 

0.01) but did not restore RBCs to control levels. Additionally, 

QT improved Hb concentration and percentage, but this 

improvement was not statistically significant (P > 0.05). 

Furthermore, Fig. 2 demonstrated that there were no differences 

among treated groups for HCT values (P > 0.05).  

The findings in Fig. 3 demonstrated that the RBCs indices 

including MCV, MCH, and MCHC didn’t show significant 

differences among all groups (P > 0.05). Moreover, as shown in 

Fig. 4, mean values of WBCs count were significantly lowered 

by ATZ (P < 0.001) and retrieved markedly with either LC or 

QT treatment (P < 0.001). The percentages of neutrophils, 

lymphocytes, monocytes, eosinophils, and basophils were 

observed to be comparable (P > 0.05) in all groups (Fig. 4).  

The recovery percentages of LC and QT for Hb concentration 

and percentage were calculated (125.68 and 120.83 vs. 120.37 

and 118.07, respectively). In addition, the recovery percentages 

of LC and QT for RBC count, WBC and PLT count were also 

estimated (141.95, 210.77 and 284.56 vs. 134.15, 204.31 and 

267.92, respectively). Based on these findings, we concluded 

that the favorable effects of LC upon these parameters were 

somewhat greater than those of QT.  
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Figure(2): Mean values of Hb, RBCs, HCT, Hb% and platelets in 

control and treated animals. 

ATZ: Atrazine, LC: L-carnitine, QT: Quercetin, Hb: hemoglobin, 

RBCs: Red blood cells count, HCT: hematocrit, PLT: platelets. 

*P < 0.001 versus control group, #P < 0.01 versus ATZ group. 

ns: Values are not significantly different from one another (P > 0.05). 

 

 

 

 

 

 

 

 

Figure(3): Mean values of MCV, MCH and MCHC in control and 

treated animals. 

ATZ: Atrazine, LC: L-carnitine, QT: Quercetin, MCV: mean cell 

volume, MCH: mean cell hemoglobin, MCHC: mean cell hemoglobin 

concentration. 

ns: Values are not significantly different from one another (P > 0.05). 

 

Figure(4): Mean values of WBCs, neutrophils, lymphocytes, 

monocytes, eosinophils and basophils in control and treated animals. 

ATZ: Atrazine, LC: L-carnitine, QT: Quercetin, WBCs: white blood 

cells count. 

*P < 0.001 versus control group, #P < 0.001 versus ATZ group. 

ns: Values are not significantly different from one another (P > 0.05). 

C
o
nt

ro
l

A
TZ

A
T
Z+

LC

A
T
Z+

Q
T

0

100

200

300

BW

g
ra

m
s

ns

C
o
nt

ro
l

A
TZ

A
T
Z+

LC

A
T
Z+

Q
T

0

20

40

60

80

100

BWG

g
ra

m
s

✱
✱            

✱                               

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

20

40

60

80

100

MCV

fl

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

10

20

30

40

MCH

p
g

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

10

20

30

40

MCHC

g
/d

l

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

5

10

15

WBCs

1
0

3
/μ

L

✱

#

#

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

5

10

15

Neutrophils

%

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

20

40

60

80

100

Lymphocytes

%

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0

1

2

3

4

5

Monocytes

%

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0.0

0.5

1.0

1.5

2.0

2.5

Eosinophils

%

ns

C
ontr

ol
A
TZ

A
TZ+LC

A
TZ+Q

T

0.0

0.2

0.4

0.6

Basophils

%

ns

123 of 127 



     

 

 

  Abdel-Aziz  et al. 

 

4. Discussion 

ATZ poses a major risk to the health of humans and animals. It 

is one of the most extensively used herbicides in the world, 

frequently contaminating animal and human drinking water (4). 

It is a strong endocrine disruptor that makes humans and 

animals suffer from hormonal imbalances (6). Thus, the current 

work aimed to evaluate the possibility of using the beneficial 

features of LC and QT to counteract ATZ toxicity in adult male 

rats. 

The effects of ATZ on body weight and BWG are further explored in 

this study. It was obvious that the body weight mean values of animals 

in all groups were almost similar, with a non-significant drop in the 

ultimate weights of ATZ-treated rats compared to those in the control 

group. Moreover, BWG was reduced significantly with ATZ. 

Furthermore, BWG was observed to be significantly lower in rats in 

the groups that received co-treatments (ATZ+LC and ATZ+QT). 

Consistent with our results, supra-environmental ATZ exposure was 

found to either have no impact or cause rats and mice's body weight to 

drop (30–32) The previous studies generally agree that ATZ 

medication at doses more than 50 mg/kg resulted in a decrease in body 

weight (33–37). 

The stress caused by atrazine appears to have led to a general increase 

in the utilization of energy reserves, explaining the reduced weight gain 

associated with atrazine exposure (43).  This depletion of energy 

reserves included lower levels of glycogen, muscle protein (44), 

muscle lipids, and both muscle and hepatopancreatic proteins (45). It is 

widely recognized that energy reserves such as carbohydrates, lipids, 

and proteins are utilized to cope with exposure to various stressors, 

resulting in decreased growth rate and increased utilization of energy 

reserves (46). In other studies, ATZ was found to raise body weight. In 

this case, regardless of water and food intake, a brief exposure to a 

modest dose of ATZ caused a considerable gain in body weight. 

Curiously, neither the mean total weight gain nor the cumulative 

weight gain changed with a 10-fold increase in ATZ dosage (47). Rats 

treated with ATZ experienced a small (5.5%) rise in body weight 

without any changes to food consumption or physical activity, albeit 

this increase was not statistically significant (48). As a result, we may 

postulate that the variation in body weight findings with ATZ in these 

studies is due to the dose employed, species, and exposure length. 

The reduction in body weight gain seen in our study with LC could be 

interpreted in light of the findings of Talenezhad (49), who found that 

LC when added to the diet of obese individuals promotes a 

considerable reduction in fat mass and thus body weight.  In this 

context, LC was observed to induce anti-obesity activities especially 

when accompanied with certain lifestyle modifications (50).  The 

reducing effect of LC on body weight could also be attributed to its 

significant role in β-oxidation of very long-chain fatty acids and also in 

the α-oxidation of phytanic acid (51,52). Furthermore, LC may 

enhance the expression of peroxisome proliferator-activated receptors 

(PPAR-γ) at both the mRNA and protein levels in the liver of cachectic 

mice, inhibiting the synthesis of fatty acids (53,54). All of the 

aforementioned investigations validated our findings about LC's 

lowering effect on BWG.     

The study conducted by H. Jiang (55) may help to explain the 

reduction in BWG associated with QT. They demonstrated that QT and 

its glycosides were crucial in regulating AMP-activated protein kinase-

driven pathways, which is vital in preventing hyperglycemia and 

obesity. In obese cases, adding QT to the diet was useful in lowering 

body fat depots (56). Supplementing the diet with QT led to a reduction 

in adipocyte size, which in turn reduced lipid accumulation and, 

ultimately, body weight (57), confirming our findings.  Furthermore, 

QT's ability to regulate the signaling pathways for adenine 

monophosphate- and mitogen-activated protein kinase may potentially 

contribute to its anti-obesity effects (58).          

In the current study, rats in the group treated with ATZ alone revealed 

reduced Hb concentration and percentage along with lowering of 

RBCs, platelets, and WBCs counts. However, there were no changes in 

the values of HCT, MCV, MCH, MCHC and differential leukocytic 

count. In this sense, it was shown that ATZ decreased hematological 

metrics, as evidenced by decreased hematocrit, hemoglobin, WBC, 

RBC, MCH, MCHC, monocytes, and lymphocytes, but noticeably 

increased HCT and platelet levels (59). ATZ against some blood 

parameters (WBC, RBC, Hb, PCV, MCV, MCH, MCHC, and PLT) 

was evaluated in rats (60), and was found to cause a non-significant 

alteration in all hematological parameters when compared to control. 

Ramesh (61) found that ATZ exposure resulted in a decline in RBCs 

and Hb, but an increase in WBC in common carp fish.   

It has been found that ATZ negatively affects hematological 

parameters in juvenile through decreasing of HCT, Hb, RBCs and 

platelet count (62).  ATZ was found to have detrimental effects on 

hemogram in rats represented by a reduction in the HCT, Hb 

concentration and RBCs count along with an increase in leukocyte 

count (63).  It has been proved in the rat model that ATZ exposure has 

unfavorable effects on Hb concentration (64). Akhtar (65) found that 

snow trout () when treated with ATZ showed significantly greater 

values of platelets but much lower values of hematocrit, hemoglobin, 

WBC, RBC, MCH, MCHC, monocytes, and lymphocytes.  

Oxidative stress and alterations in erythrocyte membranes brought on 

by ATZ may be the cause of the harmful effects on hematological 

parameters. In this respect, the sensitivity of erythrocytes to exposure 

to ATZ was examined (66), and the findings suggest that exposure to 

ATZ significantly induced oxidative stress as indicated by elevated 

levels of malondialdehyde (MDA).  

In the current study, although co-administration of LC and QT with 

ATZ produced similar results in terms of some hematological 

parameters such as HCT, MCV, MCH, MCHC and differential 

leukocytic count, the percentage of Hb, RBCs, platelets and WBCs 

counts interestingly showed significant improvement. The improving 

effects were greater with LC than with QT. In this regard, LC exhibited 

potential protective effects against cefquinome sulfate (CS)-induced 

alteration in hematological items (67). LC was effective in raising Hb 

and reticulocyte count in anemic patients with chronic renal disease, 

which is what drives it to alleviate such anemia (68). Additionally, 

After LC treatment in rats, it has been noted that the hematological 

parameters, including the differential leukocytic count, Hb 

concentration, platelets and RBC counts were greatly improved (69).  

Furthermore, in instances of acute Cd poisoning, QT showed beneficial 

effects on certain hematological traits (70). Furthermore, administering 

lead acetate to rats reduces Hb levels and RBC counts while boosting 

WBCs. These variables were interestingly switched to normal levels by 

co-administering lead acetate with QT (71). 

The high antioxidant activity of LC and QT may explain their 

protective effects against ATZ-induced hematological changes in our 

investigation, which has been previously proven (72,73). In this 

respect, LC (10 and 30 mM) was observed to shield RBCs from the 

oxidative stage during long-period storage by enhancing the 

antioxidant enzymes and counteracting lipid peroxidation (74,75). QT 

was helpful in mitigating the oxidative stress caused by eccentric 

exercise in red blood cells by lowering erythrocyte lipid peroxidation 

levels and reducing their vulnerability to hemolysis caused by free 

radicals (76). QT has been observed to be successful choice in the 

treatment of sickle hemoglobinopathies as it reduces the RBCs 

oxidative stress and platelet surface P-selectin (77).  

Conclusion 
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In conclusion, LC and QT were found to be viable therapies for 

improving hemogram that could be impaired by exposure to 

environmental pollutants such as ATZ. However, we advise additional 

research into the actual molecular mechanisms via which LC or QT 

exert their positive effects. 
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