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ABSTRACT 
 

Dina Abd-Ellattif Mohamed: Biochemical Studies on The Effect of 
Chlorpyrifos Insecticide on Rats. Unpublished M.Sc. Thesis  
Department of Agricultural Biochemistry  , Faculty of Agriculture, 
 Ain Shams University, 2015 

 
Two toxicological studies were carried out to illustrate the toxic influence 
of technical (96.9%) and formulated (48%) forms of chlorpyrifos on some 
biological parameter in male albino rats (Rattus norvegicus). 
     The first study dealing with the influence of orally administering acute 
single dose (1/4LDR50R), as samples were taken after 72 hrs for analysis. 
The second study dealing with subchronic toxicity (1/40LDR50R), as rats 
were dosed orally multi doses (5 times per week). Samples were taken 
after 45 and 90 days of the experimental course, and subjected to analysis. 
  
     The obtained data for both acute and subchronic toxicity have been 
summarized in the following statements:  
     Significant decreases have been recorded in case of average gain in 
body weight, liver weigh, liver weight/body weight ratio, levels of TR3R, T4R,R 
total cholesterol and liver glycogen as well as inhibiting AchE (serum and 
brain) and LDH enzymes.     
      Significant increases have been noticed concerning with the levels of 
blood glucose, triglyceride and urea, as well as elevation of the activities 
of ALT, AST, ALP (serum).and G-6-PDH (liver). 
     Blood total protein and ACP activity did not respond in significant 
manner in case of either technical or formulated form. 

 
     However, one can put stress on the following aspects:  
* Brain AchE was more sensitive to both acute and subchronic toxicity 
compared with serum one. 
* TR4R was highly responded to toxicity compared with TR3R. 



* The sharp decreases in LDH activity in subchronic toxicity, compared 
with acute one may be considered as subchronic syndrome. 
* The sharp decreases in liver glycogen were associated with marked 
increases in blood glucose due to both acute and subchronic toxicity. 
* A rapid kidney disorder (damage) may be occurred, as urea increases 
sharply, especially in case of acute toxicity. 
* The relative increases in ALT and AST on one hand and ALP on the 
other hand may be  considered as an useful tool for diagnosis of  liver 
damage in the present study. ALP activity increased to greater extent than 
ALT and AST, which may indicate that dosed rats were suffered from 
obstructive liver diseases. However, histopathological examination may 
confirm this assumption or not. 

 
* Histopathological examination showed that in rats liver administered 
formulated form there were congestion and dilatation in central veins and 
sinusoids associated with inflammatory cells infiltration and diffuse 
kupffer cells proliferation in between the degenerated hepatocytes, in 
comparison with untreated rats liver. 
Also, in rats liver administrated technical form there was congestion in 
the central veins associated with degeneration in hepatocytes. 
* In rats brain administered formulated form there was vacuolization in 
matrix of the hippocampus while the cerebrum showed focal gliosis as 
well as focal hemorrhages in comparison with untreated rats brain. While 
in rats brain administered 
technical form, there were focal gliosis with congestion in the blood 
vessels in the cerebrum. 

 
Keywords, Chlorpyrifos, acute toxicity, subchronic toxicity, 
acetylcholinesterase (AchE) activity, Liver function, AST, ALT, ALP, 
LDH, G6PDH, ACP, body weight, Total protein, Cholesterol, 
Triglyceride, Urea, Thyroid hormone.  

 



ACKNOWLEDGEMENT 

First of all, cardial thanks due to ALLAH, who enabled me to overcome 
all the problems, which faced me throughout this work. 

Special debt and gratitude are due to Prof.Dr. Refaat Elghobashy, Prof. 
of Agric.BioChemistry, Faculty of  agricultural, Ain Shams Univ 
for his supervision, support, encouragement and valuable advise. 

Appreciation and deep thanks goes to prof. Dr. Mohamed Fathy Abd- 
Elhamid, Prof. of Agric.BioChemistry, Faculty of  agricultural, Ain 
Shams Univ, for his great help, valuable suggestion, guidance through 
the work and reviewing the manuscript 

I am deeply grateful and indebted to prof.  Dr. Gharib Abd- Elrehem, 
Prof.in Department of Mammalian Toxicology, Central Agricultural 
Pesticides Lab. (CAPL), for his kind supervision, planning of the study, 
his great help and constant aid in the practical work during this thesis 
and valuable suggestion, encouragement, motivation during this work. 

I would like to express my deep thanks and appreciation to Dr. Hemmat  
Abd-Elfattah Ebrahim lecturer of Biochemistry, Faculty of  agricultural, 
Ain Shams Univ, for her great help, valuable suggestion, guidance 
through the work and critical revising of  the manuscript 

Grateful thanks for Director of Central Agricultural Pesticides Lab., 
Head of Mammalian and Aquatic Toxicology Department, and my friends 
in Mammalian and Aquatic Toxicology Department  

 



  

Contents 
 

Page 
 

vii 
 
x 
 

xiv 

Title                                                 
 

LIST OF TABLES 
 
LIST OF FIGURES 

 
ABBREVIATION 

 
1 I. INTRODUCTION 

 
3 II. REVIEW OF LITERATURE 

 
3  Classes of agricultural insecticides2.1.1   

 

3 2.2 Structural diversity of organophosphorus 
insecticide 

  
4  2.3 Classification of organophosphorus pesticides 

(OPP) 
   

4 
 

 2.4 Organophosphorus pesticides toxicity   

10 
 

 2.5 Chlorpyrifos 

11 
 

 2.5.1 Absorption, distribution and excretion  

12 
 

2.5.2 Biotransformation 

15 
 

2.5.3 Residues 



 i 

16 
 

2.5.4 In human 

18 
 

2.6 Effect of chlorpyrifos 

18 2.6.1 Body weight and liver weight 
 

19 2.7. Effect of the Chlorpyrifos on 
Acetylcholinesterase (AchE) activity. 
 

19 2.7.1 In brain 
 

21 2.7.2 In blood 
 

22 2.8. Effect of Chlorpyrifos on thyroid function 
 

23 2.9. Effect of Chlorpyrifos on transaminases (ALT 
and AST) activity. 
 

24 2.10. Effect of Chlorpyrifos on Alkaline phosphatase 
(ALP) and Acid phosphatase (ACP) activity. 
 

26 2.11. Effect of Chlorpyrifos on lactate 
dehydrogenase (LDH) activity, glycogen 
concentration and glucose-6-phosphate 
dehydrogenase (G-6-P-DH) activity in liver tissue 
 

27 
 

2.12. Effect of Chlorpyrifos on blood glucose 
concentration 
 

27 2.13. Effect of Chlorpyrifos on blood protein, 
cholesterol, and triglycerides concentration. 
 



  

29 2.14. Effect of Chlorpyrifos on Urea concentration. 
 

31 III. MATERIAL AND METHODS 
 

31 
 

3.1  Experimental Animals 

31 3.2  Experimental Materials 
33 3.3  Experimental Design 

 
33 3.3.1  Acute oral toxicity study 

 
34 3.3.2-Admministration of one- dose 

Chlorpyrifos to rat 
 

35 3.3.3-Admministration of multi- dose 
Chlorpyrifos to rat 

 
35 3.4- Sampling 

 
35 3.4.1- Blood samples 

 
36 3.4.2  Sacrifice and tissues preservation 

 
36 3.4.3.  Preparation of brain homogenate  

     
36 3.5  Chemical analysis 

 
36 3.5.1  Determination of Acetylcholinesterase (AchE) 

activity 
 

37 3.5.2  Determination of serum total thyroxine 
(TR4R) 



  

38 3.5.3  Determination of serum total tri-
iodothyronine (TR3R) 

 
39 3.5.4  Determination of liver function 

 
39 3.5.4.1 Determination of aminotransferase (AST and 

ALT) activity 
 

40 
3.5.4.2  Determination of alkaline phosphatase 
(ALP) activity 

 
 

41 3.5.4.3 Estimation of acid phosphatase (ACP) 
activity  

 
42 
 

3.5.4.4. Estimation of lactate dehydrogenase (LDH) 
activity  

 
43 3.5.4.5  Determination of Glucose-6-Phosphate 

Dehydrogenase activity  
 

45 
 

3.5.5 Determination of blood glucose 
concentration. 

 
46 3.5.6   Determination of Glycogen 

concentration.  
 

47 3.5.7   Determination of Cholesterol concentration. 
 

48 3.5.8   Determination of Triglycerides 
concentration 

50 3.5.9   Determination of Total Protein (TP)  



  

51 3.5.10 Determination of Urea concentration 

 

52 Statistical Analysis   3.6  
 

52 3.7   Histopathological examination 

53 VI. RESULTS AND DISCUSSION 
 

54 
 

4.1  Gain in body weight, liver weight and liver/ body 
weight ratio  

 
58 4.2  Effect of chlorpyrifos on acetylcholinesterase 

activity 
 

58 4.2.1  the inhibitory effect of chlorpyrifos on  blood 
serum acetylcholinesterase activity 

 
59 4.2.2  the inhibitory effect of chlorpyrifos on  brain 

acetylcholinesterase activity 
 

63 4.3   Effect of chlorpyrifos on thyroid hormones  
 

68   Effect of chlorpyrifos on liver functions4.4   
 

68 4.4.1 Effect of chlorpyrifos on Transaminases ALT 
and AST activity.  

 
 

73 4.4.2  Effect of chlorpyrifos on alkaline phosphatase 
(ALP) 

 



  

75 4.4.3 Effect of chlorpyrifos on blood acid phosphatase 
ACP activity 

 
77 4.4.4 Effect of chlorpyrifos on glucose-6-phosphate 

dehydrogenase (G-6-P-DH) activity in liver 
 

79 
4.5. Effect of chlorpyrifos on liver Lactate 
dehydrogenase (LDH) activity  

 

82 4.6 Effect of chlorpyrifos on blood glucose 
 

84 4.7 Effect of chlorpyrifos on glycogen level in liver 
 

86 
 

4.8  Effect of chlorpyrifos on blood cholesterol 

88 4.9  Effect of chlorpyrifos on blood triglycerides   
 

90 
 

4.10  Effect of chlorpyrifos on blood total protein 
(TP) 

 

92 4.11  Effect of chlorpyrifos on blood urea  
 

95   HISTOPATHOLOGICAL FINDINGS 4.12  
 

100 
 

.  CONCLUSION5          

104  6. Summary 
 

108 .  REFERENCES7     
 

 
 

. Arabic Summary8 



  

LIST OF TABLES 
 

Pages 
Table 

 
No. 

54  Gain in body weight for rats administered 
technical and formulated chlorpyrifos for 45 days 

 
(1) 

55 Gain in body weight for rats administrated 
technical and formulated chlorpyrifos for 90 days 

 
(2) 

56  liver weight/body weight ratio for rats 
administrated technical and formulated 
chlorpyrifos for 45 days 

 

(3) 

57 liver weight/body weight ratio for rats 
administrated technical and formulated 
chlorpyrifos for 90 days 

 

(4) 

60 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
acetylcholinesterase activity (U/L) in serum of 
male albino rates. 

 

(5) 

62 The effect of  acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
acetylcholinesterase activity (nmol/min/mg tissue) 
in brain of male albino rats.  

 

(6) 

65 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum TR3R concentration (ng/dL) of male albino 
rats. 

(7) 



 i 

 
67 The effect of acute and subchronic toxicity of both 

technical and formulated chlorpyrifos forms on 
serum TR4R concentration (ng/dL) of male albino 
rats.  

 

(8) 

70 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum ALT activity (U/mL) of male albino rats. 

 

(9) 

72 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum AST activity (U/mL) of male albino rats.  

 

(10) 

74 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum ALP activity (U/L) of male albino rats.  

 

(11) 

76 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum ACP activity (U/L) of male albino rats. 

 

(12) 

78 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
liver G-6-PDH activity (nmol of NADPH-
H P

+
P/min/mg tissue) of male rats. 

 

(13) 

81 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
liver LDH activity (nmol/min/mg tissue) of male 
albino rats. 

 

(14) 



  

83 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
blood glucose concentration (mg/dL) of male 
albino rats. 

 

(15) 

85 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
liver glycogen concentration (mg/100g tissue) of 
male albino rats. 

 

(16) 

87 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum cholesterol concentration (mg/dL) of male 
albino rats. 

 

(17) 

89 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum triglycerides concentration (mg/dL) of male 
albino rats. 

 

(18) 

91 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum total protein concentration (g/dL) of male 
albino rats. 

 

(19) 

94 The effect of acute and subchronic toxicity of both 
technical and formulated chlorpyrifos forms on 
serum urea concentration  (mg/dL) of male albino 
rats. 

 

(20) 


