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Abstract 
Herbicide praxis in agricultural fields to curb herbs is utterly toxic to non-target areas like aquatic 

bodies and impinge aquatic organism distinctively fish health through impairment of metabolism, 

sometimes leading to mortality. Therefore to contemplate the acute (short term) and chronic (long 

term) toxicological effects of atrazine, study was designed to scrutinize the potential detrimental 

effects of commercial utilization of chemical named; atrazine,  on aquatic organisms through 

evaluating stress biomarker; plasma glucose (energy currency) of freshwater fish; grass carp, 

(Ctenopharyngodon idella)for 01(24), 02(48), 03(72), 04(96), 10(240), 15(360) and 15(600) 

days(hrs) under the dose 15µl/L, 13µl/L, 10µl/L and 08µl/L, 06µl/L, 04µl/L, 02µl/L respectively. 

For analysis of plasma glucose concentration the protocol haematological analyzer (Mindray BC-

2300 Hematology Analyzer) was followed in the laboratory. Above 15µl/L LC50 was recorded 

indicating grass carp sensitivity to atrazine. Control plasma glucose concentration was 

42.3mmol/L. Paramount downturn during acute toxicity and chronic toxicity was observed after 01 

day (24hrs/15µl/L) and 10 days (240hrs /06µl/L) exposure respectively among treated groups while 

in both groups with the declining of dose quantity an inclined in glucose concentration was 

observed. Downturn in concentration indicating the toxicity of atrazine to liver and upturn in 

concentration may be due to enhancing glycogen breakdown in the liver and consequently elevates 

blood glucose level in response of stress to cope with new environmental conditions. Our study is 

also purposive to fathom that atrazine is causing agent of acute and chronic health problem to 

aquatic organisms and induced stress in fish body which revealed pessimistic domination on 

ecosystem of the aquatic organisms. 
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Introduction 
The environmental impact of herbicides is 

often more preponderant than what is 

intended by farmers who utilized it for the 

purpose to have better products of crops. 

98% sprayed insecticides and 95% 

herbicides, reached to other destination 

including air, bottom sediments, different 
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foods, aquatic bodies like lakes, rivers, 

ponds, etc, and thus contaminate these areas 

[1, 2]. Due to herbicides runoff to aquatic 

bodies, each year 6 to 14 million fishes 

killed, reported by United States Fish and 

Wildlife service and United States 

Department of Agriculture [1]. Similarly 

4,000 to 20,000 cancer cases were reported 

by National Academy of Sciences 

estimation due to ingesting herbicides 

contaminated foods and water [1].  

Herbicides can be carried to aquatic bodies 

via surface water and rain water runoff 

while in grazing areas, human settlements, 

undeveloped areas; it can be carried by 

wind, potentially affecting other species 

[3]. Similarly herbicides can contaminate 

different regions near to the place of 

application by major routes that when it is 

sprayed so it may be drift outside from the 

application area, in soil it’s found after 

leaching, due to runoff or due to spilled it 

may contaminate the aquatic bodies [2, 4, 

5].  

Animals may be badly affected by eating 

herbicides contaminated foods, ex. when 

wild animals eat food after short time of 

spraying [6]. According to the Fish and 

Wildlife service of US, they estimated that 

72 million birds are killed by these 

herbicides per year by eating materials 

having herbicides drops [7]. In the past 

amphibians population was declined and 

different reasons were presented for such 

decline but beside different reason the 

pesticide effect is also considered as 

responsible reason for such decline [8]. 

Similarly serious threats to aquatic 

organisms are due to characteristic of 

herbicides that is of bioaccumulation and 

non-biodegradable nature of herbicides [9]. 

Polluting of aquatic bodies is due to runoff 

of industries, factories and agricultural 

toward the aquatic bodies [10, 11]. As the 

fishes are the major organisms of aquatic 

bodies so that’s why the fishes are also used 

to indicate the contamination of aquatic 

bodies and to evaluate the potential risk 

associated with such aquatic bodies [11]. 

Herbicides can be used to get the good 

agricultural products but sometime 

herbicides can move toward the untargeted 

area like aquatic bodies and thus result in 

alteration the physical and chemical 

properties of aquatic bodies [12]. After 

contamination of aquatic bodies, the 

contaminants can cause different loses like 

death of aquatic organism, lesion, 

reproductive inhibition, disturbance of 

immune and endocrine system, damages to 

cell and DNA,  structural deformalities, 

poor growth etc [12]. 

Rivers and streams are highly contaminated 

by herbicides runoff from the point of 

application and such contamination can be 

highly lethal and high concentration can kill 

fish while small concentration can bring 

other different changes in aquatic organism 

body [13]. Fish can be killed by 

contaminating of aquatic body through 

herbicide, because it can suffocate the fish 

[14]. Exposure of fish to different 

concentration of herbicides can result in 

physiological changes, behaviorally 

changes, reduction of fish populations, and 

decremented defensive behavior to disease 

and decremented predator avoidance [13].  

Herbicides can also affect the fish indirectly 

by killing the plants and insects in aquatic 

bodies on which fish can feed [13]. Strong 

evidence withal subsists for other negative 

outcomes from herbicides exposure 

including neurological, birth defects, fetal 

death, and neuro development [15, 16]. 

In crops, atrazine is very effective to control 

growth of broad leaf weeds, but due to high 

mobility and solubility in water, atrazine 

particles can move to especially aquatic 

bodies, an untargeted area, with the runoff 

of rain or other surface water. [17, 18]. 

Therefore in this regards, different studies 

have conducted to study the effect of 

different doses of atrazine on different 

haematological and biochemical 

parameters of fish [19]. Therefore to 

continue such exposing of lethal effects of 

atrazine, the present study was designed to  

contemplate the acute (Short term) and 

chronic (long term) toxicological effects of 

atrazine, to determines the potential 
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detrimental effects of commercial 

utilization of chemical named; atrazine,  on 

aquatic organisms through evaluatingstress 

biomarker; plasma glucose (energy 

currency) of freshwater fish; grass carp, 

(Ctenopharyngodon idella). 

Methods and materials 

Experimental fish and its maintenance 

For the present study, Grass carp 

(Ctenopharyngodon idella) were selected 

as a model and were procured from 

Sherabad Hatchery, Peshawar, Khyber 

Pakhtunkhwa, Pakistan. During 

experimentation, two type of tanks were 

required that were, acclimatization tank and 

experimentation tanks. After selecting the 

healthy specimen, before it should transfer 

to acclimatization tank, it was treated with 

0.2% KMno4 solution, to get rid of any 

dermal infection. Acclimatization process 

was continuing for about two weeks and 

then after two weeks the fish specimens 

were transferred to experimentation tanks 

for experimental purpose. There were 

present different experimental tanks, which 

was labelled according to days of treatment 

and concentration of herbicides. In both 

tanks, the fish were fed properly on every 

alternate day, and all other water quality 

parameters were in normal range, which 

was also checked in both tanks on every 

alternated day.  

Experimental design 

The main purpose of this experiment was to 

compare the control group concentration 

which was kept without treatment, with 

other groups which was treated with 

different doses on different days. So for this 

purpose, one group consisted of 05 fish, 

was considered as control group and was 

kept without treatment, while other 4 

groups were made for acute toxicity 

analysis in which group 1 & 2 consisted of 

05 fishes each and was treated for 01 day 

(24hrs) and 02 days (48 hrs) under the dose 

of 15µl/L and 13µl/L respectively. 

Similarly two other groups named as group 

03 & 04 consisted of 08 fishes each and was 

processed for 03 days (72hrs) and 04 days 

(96 hrs) under the dose of 10µl/L and 

08µl/L respectively. Likewise for analysis 

of chronic toxicity, 03 groups were made 

named as groups 01, 02 and 03, in which 

group 01 consisted of 10 fish specimen 

while group 02 and 03 consisted of 15 fish 

specimen each and these groups were 

treated for 10, 15 and 25 days (240, 360 and 

600 hrs) under the dose of 06, 04 and 02 

µl/L respectively. 

Blood collection and preservation 

Freshly anesthetized fish (anesthesia given 

to fish by chemical, MS 222) were used for 

collection of the blood from the caudal vein 

and sometime from direct puncturing of 

heart of fish. Hypodermic syringes, which 

were heparinized by few drops of heparine, 

for the purpose to prevent blood clotting, 

were used for the collection of the blood 

sample. [20, 21]. EDTA and Gel tube were 

used for storing of the blood samples. As 

we know that blood biochemical 

parameters are analyzed form serum, so in 

that case, Gel tubes were found more 

beneficial because they have a special layer 

of gel which is helpful in isolation of serum 

form the blood cells through the 

centrifugation (3000 RPM). After 

centrifugation the serum was analyzed for 

plasma glucose concentration. 

Estimation of plasma glucose 

concentration 

Plasma glucose concentration in control 

group fish and in all treated groups fish, 

were analyzed by following the protocol of 

biochemical analyzer model; Merck micro 

lab 300. After obtaining the results, SPSS 

software was used to find out significant (P 

value) difference between control and 

experimental means. 

Results 

By comparing control group concentration 

(42.3µl/l) as shown in table 1, with 

concentration obtained after acute toxicity 

as shown in table 2 and figure1, maximum 

highly significant (P≤0.001) decline in 

concentration of plasma glucose was 

observed after treatment of fish for 01 

(24hrs), 02 (48hrs) and 03(72hrs) days 

against the dose of 15µl/l, 13µl/l and 10µl/l 

respectively. Likewise highly significant 
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(P≤0.01) decline in concentration of plasma 

glucose was observed after treatment of the 

fish for 04 (96hrs) days against the dose of 

10µl/l as shown in table 2. Result clearly 

indicating that paramount downturn during 

acute toxicity observed after 01 day (24hrs) 

against the dose of 15µl/L while with the 

declining of dose quantity on the remaining 

days of exposure an inclined in glucose 

concentration was observed indicating the 

glycogenolysis process to cope with the 

stress environment.

Table 1. Showing control group concentration of plasma glucose (Unit= µl/l) 

S. No. Fish 1 Fish 2 Fish 3 Mean ± S.D 

1 40 43 44 42.3 ± 2.08 

 

Table 2. Showing concentration of plasma glucose obtained after acute toxicity (Unit= 

µl/l) 

S. No. Days/hrs of 

treatment 

Fish 1 Fish 2 Fish 3 Mean±S.D Significant 

“t” value 

1 1 day/24hrs 

 

16 15 18 16.3±1.5 0.0002*** 

2 2 days/48hrs 

 

15 18 20 17.6±2.5 0.0002*** 

3 3 days/72hrs 

 

21 24 25 23.3±2.0 0.0003*** 

4 4 days/96hrs 

 

23 24 26 24.3±1.5 0.001** 

[P<0.05= Significant value] [P≤0.01=High Significant value] [P≤0.001= Maximum highly significant value] 

[Non-Significant Value= P>0.05]                 

[Significant=*] [Highly Significant =**] [Maximum highly significant value=***] [Non-Significant= NS 

 

Figure 1. Comparison between mean values of control group and acute toxicity groups

 

Similarly by comparing control group 

concentration (42.3 µl/l) as shown in table 

1, with concentration obtained after chronic 

toxicity as shown in table 3 and figure 2, 

highly significant (P≤0.01) decline in 

concentration of plasma glucose was 

observed after treatment of the fish for 10 

(240hrs), 15 (360hrs) and 25 (600hrs) days 

against the dose of 06µl/l 04µl/l and 02µl/l 

respectively. Result clearly indicating that 

paramount downturn during chronic 

toxicity observed after 10 (240hrs) days 

treatment against the dose of 06µl/l while 

with the declining of dose quantity on the 

remaining days of exposure an inclined in 

glucose concentration was observed 
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indicating the glycogenolysis process to 

cope with the stress environment.

  

Table 3. Showing concentration of plasma glucose obtained after chronic toxicity (Unit= 

µl/l) 

S. No. Days of 

treatment 

Fish 1 Fish 2 Fish 3 Mean±S.D Significant 

“t” value 

1 10 days 

 

20 18 18 18.6±1.15 0.002** 

2 15 days 

 

25 30 22 25.6±4.04 0.006** 

3 25 days 

 

28 34 35 32.3±3.7 0.009** 
[P<0.05= Significant value] [P≤0.01=High Significant value] [P≤0.001= Maximum highly significant value] 

[Non-Significant Value= P>0.05]                 

[Significant=*] [Highly Significant =**] [Maximum highly significant value=***] [Non-Significant= NS 

Figure 2. Comparison between mean values of control group and chronic toxicity 

groups 

Discussion 

Growth line of unwanted plant, which can 

affect the growth of wanted plant, so 

growth line of such unwanted plant is 

obstructed by the use of efficacious 

herbicide named atrzine. Growth line of 

such unwanted plants are restricted by 

eradicate chlorophyll and hamper 

photosynthetic process [22]. From its, 

clearly known now, that atrazine are 

utilized to obtained good yield of crops but 

unfortunately use of atrazine is 

controversial worldwide as it is currently 

vetoed in the Europe, because of its toxicity 

to untargeted areas and species specially 

aquatic bodies and its organisms [23]. 

Atrazine is consider as toxic because of its 

properties like, its relative assiduousness in 

soil, having high half-life and high 

solubility in water, and due to such 

properties, environmental contamination is 

incremented day by day due to this 

pollutant [24]. Effect on different process of 

fish like, effect on hematological 

parameters, locomotors activity, immune 

response, metabolism, oxidative stress, 

osmoregulatory disturbance and 

reproduction have been studied by  

different researchers [22, 25-29].  

In the present study comparison of control 

group concentration and concentration 

obtained after exposure to atrazine revealed 

significance difference which was due to 

effect of atrazine. By comparing control 

group concentration (42.3µl/l) with 

concentration obtained after acute toxicity 
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maximum highly significant (P≤0.001) 

decline in concentration of plasma glucose 

was observed after treatment of fish for 01 

(24hrs), 02 (48hrs) and 03 (72hrs) days 

against the dose of 15µl/l, 13µl/l and 10µl/l 

respectively. Likewise highly significant 

(P≤0.01) decline in concentration of plasma 

glucose was observed after treatment of the 

fish for 04 (96hrs) days against the dose of 

10µl/l. Similarly by comparing control 

group concentration (42.3 µl/l) as with 

concentration obtained after chronic 

toxicity, highly significant (P≤0.01) decline 

in concentration of plasma glucose was 

observed after treatment of the fish for 10 

(240hrs), 15 (360hrs) and 25 (600hrs) days 

against the dose of 06µl/l 04µl/l and 02µl/l 

respectively.  

Present study findings are justified by the 

findings of [30] whose found consequential 

decrease in serum glucose of fresh water 

fish Oreochromis niloticus and 

Chrysichthyes auratus againstatrzine, at 

Assiut, Egypt and indicated the responsible 

reason for such decrease was the toxicity of 

atrazine on liver [31].  Similarly the present 

study also betoken the paramount downturn 

during acute toxicity observed after 01 day 

(24hrs) against the dose of 15µl/L while 

with the declining of dose quantity on the 

remaining days of exposure an inclined in 

glucose concentration was observed, 

likewise paramount downturn during 

chronic toxicity observed after 10 (240hrs) 

days treatment against the dose of 06µl/l 

while with the declining of dose quantity on 

the remaining days of exposure an inclined 

in glucose concentration was observed, 

indicating the glycogenolysis process to 

cope with the stress environment. So such 

findings are in agreement with the 

observation of [32] who studies the 

hematological parameters under the effect 

of clomazone herbicide and some 

biochemical parameters like protein and 

carbohydrate metabolism of silver catfish, 

Rhamdiaquelen under the effects atrazine 

and in their study he observed significant 

increase in glucose concentration in fish 

exposed to atrazine for long term. Same 

results were observed by different 

researcher [33-35] and all of them 

indicating the glycogenolysis process for 

inclining the glucose concentration to cope 

with the stress environment. 

Therefore this condition was induced by 

environmental pollution which produces 

stress and in response glycogen breakdown 

enhanced in the liver and consequently 

elevates blood glucose level called 

hyperglycemic condition [36]. Likewise 

this secretion of catecholamines from the 

adrenal medulla, in turn enhances the 

breakdown of glycogen in the liver, which 

in turn elevate the blood glucose 

concentration led to hyperglycemic state, a 

response to stress environment. [37, 38]. In 

contrast [39, 40]recorded a marked 

decrease in glucose level in Nile tilapia, 

Oreochromis niloticus and catfish, 

Chrysichthyes auratus exposed to atrazine 

and silver catfish, exposed to glyphosate 

herbicide. However [41] found that the 

glucose level of common carp, Cyprinus 

carpio exposed to simazine remained 

similar to the control group. This could be 

attributed to the difference in fish species, 

varied concentration of atrazine or the type 

of herbicide used.  

Conclusions 

It was concluded that paramount downturn 

during acute toxicity and chronic toxicity 

was observed after 01 day (24hrs/15µl/L) 

and 10 days (240hrs/06µl/L) exposure 

respectively among treated groups while in 

both groups with the declining of dose 

quantity an inclined in glucose 

concentration was observed. Downturn in 

concentration indicating the toxicity of 

atrazine to liver and upturn in concentration 

may be due to enhances glycogen 

breakdown in the liver and consequently 

elevates blood glucose level in response of 

stress to cope with new environmental 

conditions. Our study is also purposive to 

fathom that atrazine is causing agent of 

acute and chronic health problem to aquatic 

organisms and induced stress in fish body 

which revealed pessimistic domination on 

ecosystem of the aquatic organisms. 



Pure Appl. Biol., 6(4):1319-1327, December, 2017 
http://dx.doi.org/10.19045/bspab.2017.600141 

 

1325 

Authors’ contributions 

Conceived and designed the experiments: A 

Khan & AM Yousafzai, Performed the 

experiments: A Khan, Analyzed the data: A 

Khan & N Shah, Contributed reagents/ 

materials/ analysis tools: M Adnan & SM 

Jawad, Wrote the paper: A Khan, N Shah & 

S Jehan. 

References 

1. Miller GT (2004). Sustaining the 

Earth, 6th edition. Thompson 

Learning, Inc. Pacific Grove, 

California. Chapter 9, Pages 211-216. 

2. Gilliom RJ (2006). US Geological 

Survey. The Quality of Our Nation’s 

Waters: Pesticides in the Nation’s 

Streams and Ground Water. 

3. Tashkent (1998).   Conditions and 

provisions for developing a national 

strategy for biodiversity conservation. 

Biodiversity Conservation National 

Strategy and Action Plan of Republic 

of Uzbekistan. Prepared by the 

National Biodiversity Strategy Project 

Steering Committee with the Financial 

Assistance of The Global 

Environmental Facility (GEF) and 

Technical Assistance of United 

Nations Development Program 

(UNDP).  

4. Papendick RI, Elliott LF & Dahlgren 

RB (1986). Environmental 

consequences of modern production 

agriculture: How can alternative 

agriculture address these issues and 

concerns. American Journal of 

Alternative Agriculture1: 3-10.  

5. Pedersen TL (1997). Pesticides 

residues in drinking water. 

extoxnet.orst.edu. 

6. Palmer WE, Bromley PT 

&Brandenburg RL (2007). Wildlife & 

pesticides - Peanuts. North Carolina 

Cooperative Extension Service.  

7. Fimrite & Peter (2011). Suit says EPA 

fails to shield species from poisons. 

The San Francisco Chronicle. 

8. Cone M (2000). A wind-borne threat to 

Sierra frogs: A study finds that 

pesticides used on farms in the San 

Joaquin Valley damage the nervous 

systems of amphibians in Yosemite 

and elsewhere. 

9. Binelli A & Provini A (2004). Risk for 

human health of some POPs due to fish 

from lake. Iseo. Ecotoxicology and 

Environmental safety 58: 139-145. 

10. Palus, Dziubattowsk AE & Rydzynski 

K (1999). DNA damage detected by 

the comet assay in the white blood cells 

of workers in a wooden furniture plant. 

Mutation research 444: 61-74. 

11. Cerejeira MJ, Vianab P, Batistaa S, 

Pereiraa T,  Silvaa E, Valerio MJ, 

Silvaaa A, Ferreirab M &Silva FAM 

(2003). Pesticides in Portguese surface 

and ground waters. Water research 37: 

1055-1063. 

12. Nordberg J &Arner ESJ (2001). 

Reactive oxygen species, antioxidants, 

and the mammalian thioredoxin 

system. Free Radical Biology 

Medicine 31:1287–1312. 

13. Helfrich LA, Weigmann DL, Hipkins P 

&Stinson ER (1996). Pesticides and 

aquatic animals: A guide to reducing 

impacts on aquatic systems. Virginia 

Cooperative Extension.  

14. Toughill K (1999). The summer the 

rivers died: Toxic runoff from potato 

farms is poisoning P.E.I. Originally 

published in Toronto Star Atlantic 

Canada Bureau.  

15. Sanborn M, Kerr KJ, Sanin LH, Cole 

DC, Bassil KL & Vakil C (2007). Non-

cancer health effects of pesticides: 

Systematic review and implications for 

family doctors. Can. Fam. 

Physician 53: 1712–1720.  

16. Jurewicz J & Hanke W (2008). 

Prenatal and childhood exposure to 

pesticides and neurobehavioral 

development: review of 

epidemiological studies. Int J Occup 

Med Environ Health 21: 121–32.  

17. Cui H, Hwang HM, Zeng K, Glover H, 

Yu H &Liu Y (2002). Riboflavin 

photosensitized degradation of atrazine 

in a freshwater environment. 

Chemosphere 47: 991-999. 

http://dx.doi.org/10.19045/bspab.2017.600141
http://pubs.usgs.gov/circ/2005/1291/pdf/circ1291_chapter4.pdf
http://pubs.usgs.gov/circ/2005/1291/pdf/circ1291_chapter4.pdf
http://pubs.usgs.gov/circ/2005/1291/pdf/circ1291_chapter4.pdf
http://bpsp-neca.brim.ac.cn/books/actpln_uzbek/part1-3.html#Table%20E:%20Application%20rates%20of%20Pesticides%20and%20Defoliants%20(1990/1993)
http://bpsp-neca.brim.ac.cn/books/actpln_uzbek/part1-3.html#Table%20E:%20Application%20rates%20of%20Pesticides%20and%20Defoliants%20(1990/1993)
http://bpsp-neca.brim.ac.cn/books/actpln_uzbek/part1-3.html#Table%20E:%20Application%20rates%20of%20Pesticides%20and%20Defoliants%20(1990/1993)
http://eap.mcgill.ca/MagRack/AJAA/AJAA_1.htm
http://eap.mcgill.ca/MagRack/AJAA/AJAA_1.htm
http://eap.mcgill.ca/MagRack/AJAA/AJAA_1.htm
http://eap.mcgill.ca/MagRack/AJAA/AJAA_1.htm
http://eap.mcgill.ca/MagRack/AJAA/AJAA_1.htm
http://extoxnet.orst.edu/faqs/safedrink/pest.htm
http://extoxnet.orst.edu/faqs/safedrink/pest.htm
http://ipm.ncsu.edu/wildlife/peanuts_wildlife.html
http://ipm.ncsu.edu/wildlife/peanuts_wildlife.html
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/2011/01/21/BAQ21HC5CB.DTL
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/2011/01/21/BAQ21HC5CB.DTL
http://www.pmac.net/wind_borne.html
http://www.pmac.net/wind_borne.html
http://www.pmac.net/wind_borne.html
http://www.pmac.net/wind_borne.html
http://www.pmac.net/wind_borne.html
http://www.pmac.net/wind_borne.html
http://www.ext.vt.edu/pubs/waterquality/420-013/420-013.html#L4
http://www.ext.vt.edu/pubs/waterquality/420-013/420-013.html#L4
http://www.ext.vt.edu/pubs/waterquality/420-013/420-013.html#L4
http://www.pmac.net/summer-rivers.html
http://www.pmac.net/summer-rivers.html
http://www.pmac.net/summer-rivers.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2231436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2231436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2231436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2231436


  Khan et al. 

1326 

18. Warning CP & Moore A (2004). The 

effects of atrazine on Atlantic salmon 

(Salmo salar) smolts in fresh water and 

after sea water transfer.Aquat. Toxicol 

66: 93–104 

19. Elia AC, Waller W &Norton SJ (2002). 

Biochemical responses of bluegill 

sunfish (Lepomismacrochirus) to 

atrazine induce doxidative stress. 

Bulletin of Environmental 

Contamination and Toxicology 68: 

809–816. 

20. Nelson DL & Cox MM (2005). 

Lehninger Principles of Biochemistry. 

4th ed.; WH Freeman and Co. New 

York. 1013p. 

21. Guyton AC, Hall &John E 

(2006). Guyton and Hall Textbook of 

Medical Physiology with Student 

Consult Online Access (11th ed.). 

Philadelphia: Elsevier 

Saunders. ISBN 0-7216-0240-1. 

22. Nascimento CRB, Souza MM 

&Martinez CBR (2012). Copper and 

the herbicide atrazine impair the stress 

response of the freshwater fish, 

Prochilodus lineatus.  Pharmacol. 

Toxicol. Endocrinol 155: 456–461. 

23. Dong X, Zhu L, Wang J, Wang J, Xie 

H, Hou X & Jia W (2009). Effects of 

atrazine on cytochrome P450 enzymes 

of zebrafish (Danio rerio). 

Chemosphere 77: 404–412. 

24. Kreutz LC, Barcellos LJG, 

Marteninghe A, Dos S &Zanatta ED 

(2012). Innate immune response of 

silver catfish (Rhamdiaquelen) 

exposed to atrazine. Fish Shellfish 

Immunol 33: 1055–1059. 

25. Rymuszka A, Siwicki AK &Sierosla 

WA (2007). Determination of 

modulator potential of atrazine on 

selected functions of immune cells 

isolated from rainbow trout 

(Oncorhynchus mykiss). Cent. Eur. J. 

Immunol 32: 97–100. 

26. Tierney KB, Singh CR, Ross PS & 

Kennedy CJ (2007). Relating olfactory 

neurotoxicity to altered olfactory-

mediated behaviors in rainbow trout 

exposed to three currently-used 

pesticides. Aquat. Toxicol81: 55–64. 

27. Prasad TAVDC (1994). Atrazine 

toxicity on hydromineral balance of 

fish, Tilapia mossambicus. 

Ecotoxicology and Environmental 

Safety 28: 313–316. 

28. Lionetto MG, Caricato R, Giordano 

ME, Erroi E &Schettino T (2012). 

Carbonic anhydrase as pollution 

biomarker: an ancient enzyme with a 

new use. Int. J. Environ. Res. Pub. 

Heal 9: 3965–3977. 

29. Tillitt DE, Papoulias DM, Whyte JJ 

&Richter CA (2010). Atrazine reduces 

reproduction in fathead minnow 

(Pimephal espromelas). Aquat. Toxicol 

99: 149–159. 

30. Hussein SY, El-Nasser MA &Ahmed 

SM (1996). Comparative studies on the 

effects of herbicide atrazine on fresh 

water fish Oreochromis niloticus and 

Chrysichthye sauratus at Assiut, 

Egypt. Bulletin of Environmental 

Contamination and Toxicology 57: 

503–510. 

31. Braunbeck T, Burkhardt-Holm P, 

Gorge G, Nagel R, Negele RD &Storch 

V (1992). Rainbow trout and zebra 

fish, two models for continuous 

toxicity tests. Chemosphere 69: 960-

965. 

32. Crestani M, Menezes C, Glusczak L, 

Miron D, Lazzari R, Duarte M, Morsch 

VM, Pippi A & Vieira VL (2006). 

Effects of clomazone herbicide on 

haematological and some parameters 

of protein and carbohydrate 

metabolism of silver catfish, 

Rhamdiaquelen. Ecotoxicol. Environ. 

Saf 65: 48-55. 

33. Nieves-Puigdoller K, Bjornsson BT 

&Cormick SD (2007). Effects of 

hexazinone and atrazine on the 

physiology and endocrinology of smolt 

development in Atlantic salmon. 

Aquat. Toxicol84: 27-37. 

34. Velisek J, Stastna K,  Sudova E,  Turek 

J & Svobodov Z  (2009). Effects of 

subchronic simazine exposure on some 

http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-7216-0240-1


Pure Appl. Biol., 6(4):1319-1327, December, 2017 
http://dx.doi.org/10.19045/bspab.2017.600141 

 

1327 

biometric, biochemical, 

haematological and histopathological 

parameters of the common carp, 

Cyprinus carpio.  Neuro endocrinol. 

Lett 30: 236-241.  

35. Hamed HS (2010). Physiological and 

Biochemical studies on the effect of 

exposure to an organophosphorous 

compound in African catfish, 

Clariasgariepinus. M.Sc. D. thesis. 

Fac. Sci., Women's college, Ain Shams 

Univ., Cairo. 

36. Holtz DT (1990).  The effects of the 

herbicide diquat and aquathol-K on 

selected   physiological parameters in 

fishes from Chautauga Lake. M.Sc. 

thesis, State Univ., New York.  

37.  HS El-Sabbagh (1996), Biochemical 

and haematological changes in tilapia,  

Oreochromis niloticus exposed to 

copper . Vet. Med. J. Giza44: 23-30. 

38. Mazeaud MM, Mazeaud F & 

Donaldson EM (1977). Primary and 

secondary effects of stress in fish, some 

new data with a general review. 

Transactions of the American 

Fisheries Society 06: 201-207. 

39. Mekkawy AA, Hussain SY &Ahmad 

SM (1996). Comparative studies on the 

effects of herbicide atrazine on some 

blood constituents and protein 

electrophoretic patterns of 

Oreochromis niloticus and 

Chrysichthye sauratus at Assiut. Egypt 

Journal of Egypt German Society of 

Zoology19: 283-319  

40. Glusczak L, Miron DS,Moraes BS, 

Simoes RR,  Schetinger MR,  Morsch 

VM & Loro VL (2007). Acute effect 

of glyphosate herbicide on metabolic 

and enzymatic parameters of silver 

catfish, Rhamdiaquelen. Comp. 

Biochem. Physiol. Toxicol. 

Pharmacol 146: 519-524. 

41. Velisek J, Stara A, Zuskova E & 

Svobodova Z (2012). Use of 

biometric, hematologic, and plasma 

biochemical variables, and 

histopathology to assess the chronic 

effects of the herbicide prometryn on 

Common Carp. Vet Clin Pathol 42: 

508-15.

 

http://dx.doi.org/10.19045/bspab.2017.600141
http://www.ncbi.nlm.nih.gov/pubmed/?term=Velisek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24138459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stara%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24138459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zuskova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24138459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Svobodova%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24138459
http://www.ncbi.nlm.nih.gov/pubmed/24138459

