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Abstract Chlorpyrifos is  one of the most commonly used organophosphorus insecticide. Many studies 

showed a relationship between pesticide exposure and occurrence of  diabetes. The aim was to 
assess toxic effect of chloropyrifos on pancrease, its ability to induce diabetes mellitus in adult  
male rats  and evaluate whether this  toxic insult is permanent or temporary. Material and 
methods: 24 adult male albino rats were classified into four groups. Group I: negative control. 
Group II: positive control gavaged orally  with 0.5 ml of corn oil once a day for 8 weeks. Group 
III: gavaged orally with chlorpyrifos dissolved in corn oil (6.75 mg/Kg b.w /day) for 8 weeks. 
Group IV: orally gavaged  with chlorpyrifos by the same dose as group III for 8 weeks, then left 
without treatment for another 4 weeks. At the end of the study,  body weight of all rats were 
measured then blood samples were taken from all rats to estimate serum levels of amylase, lipase, 
glucose, insulin, reduced glutathione (GSH)  and malondialdehyde (MDA) levels. Then the 
pancreatic tissues were dissected and  submitted to histopathological and ultra-structural 
examination. Results: chloropyrifos administration caused significant increases in serum amylase, 
lipase, glucose and MDA with also significant decreament in serum insulin and GSH. These 
biochemical changes  were associated with hisopathological changes. Stoppage of exposure for 4 
weeks caused partial to complete improvement. Conclusion: chloropyrifos had toxic effects on 
pancrease and was considered as a risk factor for diabetes mellitus and improvement could occur 
after stoppage of its exposure for a period.  
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Introduction 
nvironmental pollution has a significant role in 
the occurrence of many diseases affecting 
humans, plants, and animals. One of the most 

important causes of environmental pollution is the 
excessive use of pesticides (Al-Haj et al., 2005). 

Pesticides are group of substances used for 
prevention of undesired insects, rodents, plants, moss 
and other harmful organisms (Abdollahi et al., 2010). 
Because of inadequate enforcement of laws concerning 
pesticide use and inadequate financial resources, 
residual levels of pesticides in Egyptian foods are 
found to be higher than those discovered in  the 
developed countries  (Abdelaziz et al., 2010). 

Organophosphorous compounds (OPs) are 
examples of pesticides that developed  since 50 years 
ago and then they spread out over in agriculture 
(Garabrant et al ., 2009; Ghazala et al., 2013). Over the 
90’s period, they represented about 44% of the total 
amount of insecticides utilized in Egypt (Mansour, 
2010). They inhibit acetylcholinesterase (AChE) with 

increasing acetylcholine levels in the cholinergic 
synapse. In addition to  their cholinergic effects, OPs  
can induce oxidative stress (Soltaninejad and 
Abdollahi, 2009; Al-Shinnawy et al., 2014),  that 
affects metabolic pathways (Karami-Mohajeri  and  
Abdollahi, 2011), and causes hypoxia and inadequate 
tissue perfusion giving rise to different organs 
dysfunction (Kumar et al., 2010). 

Chlorpyrifos(O,O-Diethyl O-3,5,6-
trichloropyridin-2-pyridyl phosphorothioate) is  one of 
the most commonly used OPs insecticide. It was first 
listed and marketed by Dow Chemical Company in 
1965. It was used firstly to kill mosquitoes (Mitra, 
2008; Mehta, 2009).    

In agriculture, chlorpyrifos   is extensively 
used in many crops such as cotton, corn, almonds, and 
fruit trees including oranges and apples (NASS, 2011). 
In addition, it is widely used as indoor pesticide in 
home, hotels, schools, hospitals and places of food 
industry (EPA, 2000). 

E 
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As a result of its excessive use, residues of 
chlorpyrifos have been found in the air (Cattani et al., 
2001) and in the food (Sun et al., 2006; Randhawa et 
al., 2007) which had harmful effects on living 
organisms (Zhao et al., 2006).  

Food and agriculture organization (FAO) and 
world health organization (WHO) classified 
chlorpyrifos as class II (moderately toxic) substance 
(FAO/WHO, 2000).  

As OPs, chlorpyrifos, inhibits AChE with 
accumulation of acetylcholine in synaptic junctions 
leading to cholinergic toxicity (Kalender et al., 2012). 
It has also been found that repeated doses of 
chlorpyrifos caused significant dysfunction on different 
organs as liver (Sandhu et al., 2013), blood (Goel et al., 
2006), immune system (Elelaimy et al., 2012), CNS 
(Diab et al., 2012), kidney (Mansour and Mossa, 2011) 
and thyroid gland (El-Sheikh and Ibrahim, 2017).  It 
can also cause embryotoxicity, teratogenicity (Tian et 
al., 2005), and geneotoxicity (Sandhu et al., 2013).  

Nowadays, there is a progressive increase in 
the incidence of diabetes mellitus (Shrestha et al., 
2016). Diabetes mellitus (DM) is a chronic disorder 
identified by systemic hyperglycemia that results from 
disturbance in action or secretion of insulin or both.  
Type 2 DM is a disease caused and affected by many 
factors involving environmental and occupational 
factors (Gangemi et al., 2016).  

There were studies showed a relationship 
between pesticide exposure and   occurrence of insulin 
resistance diabetes (Cox et al., 2007; Raafat et al., 
2012).  So, the aim of this study was to assess toxic 
effect of chloropyrifos on pancrease, its ability to 
induce diabetes mellitus in adult male albino rats and 
evaluate the persistence of these effects.  
Material & Methods 
Chemicals 
Chlorpyrifos: It was bought as a powder from Sigma-
Aldrich, Germany imported by Cairo Chemical 
Company.  
Corn oil:  It was obtained in the form of oily solution 
as solvent agent. 
Experimental  animals and design 

Twenty four adult male albino rats (200-210 
gm in weight) were obtained from the animal breeding 
house of Faculty of Medicine, Zagazig University. The 
animals were put in suitable cages and supplied with 
commercial laboratory animal food and water.   
According to "Guide for the Care and Use of 
Laboratory Animals", all animals received care in 
compliance with animal care guidelines and ethical 
regulations (ILAR, 1996). The animals were equally 
divided into 4 groups as following: negative control 
group (I): 6 rats received only regular diet and water to 
determine the basic values of performed tests for 8 
weeks. Positive control group (II): 6 rats gavaged 
orally with 0.5 ml of corn oil once daily for 8 weeks. 
Chloropyrifos group (III): 6 rats gavaged orally with 
chlorpyrifos dissolved in corn oil (6.75 mg/Kg b.w 
/day) for 8 weeks. This dose represented 1/20 of oral 
LD50 (135 mg/kg) (Goel et al., 2005). Follow up group 
(IV): 6 rats orally gavaged with chlorpyrifos by the 
same dose as group III for 8 weeks, and then they were 

left without treatment for another 4 weeks. 
A day after the last dose of  treatments,  body 

weight of all rats were measured then venous blood 
samples were taken from the retro-orbital plexus by 
means of capillary glass tubes according to a method  
described by Joslin (2009) from  all rats of all groups.  
The blood samples were left to coagulate then 
centrifuged to separate the serum. The sera were 
maintained at (-20°C) to be used for estimating serum 
levels of amylase enzyme, lipase enzyme, glucose, 
insulin, reduced glutathione (GSH) and 
malondialdehyde (MDA) levels. Then the anesthetized 
animals were sacrificed and pancreatic tissues were 
dissected and submitted to histopathological and ultra-
structural examination. 
Methods 

Biochemical examination:  
 Lipase and amylase serum levels were 

measured by enzymatic colorimetric test by 
following the method of Lott et al. (1986) and 
Kurahashi and Inomata (1988) respectively. 

 Serum insulin was determind by enzyme-
linked immunosorbant assay (ELISA) 
according to the method of Carlsson et al. 
(2010).  

 Serum glucose was assayed colorimetrically 
according to the method of Trinder (1969). 

 Spectrophotometric assay was used to 
determine the serum activities of  MDA and  
GSH according to the methods described by  
Yoshioka et al. (1979) & Beutler  et al. (1963) 
respectively.  

Histopathological examination 
A portion of pancrease was fixed in 10% formalin 
saline, then embedded in paraffin blocks and processed 
for the preparation of 5 μM thickness sections. These 
sections were stained by hematoxylin and eosin stains 
following the method described by Bancroft and 
Steven (1996) and examined by light microscopy. 
Ultra-structurral examination 
Another portion of pancrease were fixed in 2.5% 
solution of glutaraldehyde and then post fixed in 1 % 
osmium tetra oxide dissolved in the same buffer.  Then 
samples were dehydrated in graded ethanol alcohol, 
and then embedded in epoxy resin. 0.5-1μm semi- thin 
sections were stained with 1% toluidine blue and 
examined and photographed by light microscopy. 
Ultrathin sections (70-90 nm) were cut and stained 
with uranyl acetate and lead citrate (Glauret and Lewis, 
1998) and examined by Electron Microscope, Faculty 
of Agriculture, Mansoura University. 

All data were collected and subjected to be 
statistically analyzed by using SPSS Software program. 
ANOVA (F) test followed by least significant 
difference test (LSD test) & Pearson correlation (r) 
were performed.  P value < 0.05 was considered to be 
significant. 
Result 
No statistically significant differences were found 
between negative and positive control groups as regard 
body weight and biochemical parameter (p>0.05) 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mansour%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=20870695
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(Figure 1), so that negative control group was used for 
comparison with other groups. 
Body weight 

There was a highly significant reduction in body 
weight gain in chloropyrifos group when compared to 
control group. Stoppage of chloropyrifos exposure for 
4 weeks caused significant increase in body weight, but 
still lower than that of control group (Table 1).   
Biochemical parameters 

1- Serum amylase and lipase enzymes. 
Chloropyrifos administration for 8 weeks 

induced significant increases in serum amylase and 
serum lipase mean values comparing with that of 
negative control group. Stoppage of chloropyrifos 
exposure for 4 weeks caused partial improvement in 
these pancreatic enzymes (Table 2).  

2- Serum glucose and serum insulin. 
By ANOVA test, there were significant 

differences between control group, chloropyrifos 
group, and follow up group as regard serum glucose 
and serum insulin mean values. By using LSD test, 
there was a significant elevation in serum glucose with 
significant decrement in serum insulin in chloropyrifos 
group compared to negative control group. After 4 
weeks of exposure stoppage, there were partial to 
complete reversal in serum glucose and insulin levels 
(Table 3). 

3- Serum MDA and GSH.  
There were highly significant elevation in the 

mean values of MDA and highly significant decrement 
in the mean values of GSH in chloropyrifos group 
compared to that of negative control one. Partial to 
complete reversal in these parameters   was occurred 
after cessation of chloropyrifos exposure for 4 weeks 
(Table 4). 

Pancreatic enzymes (serum amylase and serum 
lipase) were positively correlated with lipid 
peroxidation marker (serum MDA) and negatively 
correlated with serum GSH. Also, serum glucose was 

positively correlation with serum MDA, negatively 
correlated with serum GSH. It was also found that 
serum insulin was negatively correlated with lipid 
peroxidation marker (serum MDA) and positively 
correlated with serum GSH (Table 5). 
Histopathological  and ultra-structural 
examination 

Light microscopically examination of pancrease 
in control groups showed normal pancreatic structure 
in the form of normal islets of Langerhans surrounded 
by the pancreatic acini with normal interlobular 
connective tissue (Figs 2A, 2B). While, pancreatic 
sections from chloropyrifos group displayed 
degeneration of cells of acini with widening of the 
interlobular spaces with blood vessels and infiltrated by 
inflammatory cells. Cells of islet of Langerhans are 
degenerated (Fig 2C). Cessation of chloropyrifos 
administration for another 4 weeks caused clear 
improvement in the histopathological alterations as 
there was no inflammatory reaction, only mild 
degeneration of acinar cells. Cells of islet of 
Langerhans showed mild degenerative change and still 
widening of intercellular septa (Fig 2D). 

By examining ultra-structure of pancreatic acini 
of ultrathin sections of the pancreas obtained from 
control groups showed pyramidal acinar cells, with 
rounded basal nuclei containing prominent nucleoli. 
The cytoplasm was full of cisternae of rough 
endoplasmic reticulum and many secretory granules. 
Small amounts of connective tissue surround these 
acini (Figs 3A, 3B).  

Chloropyrifos administration for 8 weeks 
caused shrunken acinar cells with heterochromatic 
nuclei and electron dense cytoplasm containing many 
vacuoles. The interstitial connective tissue appeared 
widening with macrophage (Fig 3C). Obvious 
improvement in these changes was displayed after 
discontinuation of chloropyrifos use for 4 weeks (Fig 
3D). 

 
Table (1): ANOVA one way and LSD statistical analysis of mean values of body weight (gm) among different 
studied groups. 
 Negative control  

group (I) 
Mean ± SD 

Chloropyrifos 
group ( III ) 
Mean ± SD 

 Follow up Group 
(IV)  

Mean ± SD 
F P 

Body weight (gm) 227.27±4.1  184.03 ± 3.31a 214.7±2.49 a b 261.14 <0.0001* 
SD = Standard Deviation, Number of rats = 6 rats for each group, gm= gram, a=  highly significant difference as 
compared to control group  (P < 0.001), b= highly significant difference as compared to chloropyrifos group (P < 
0.001).  
   
Table (2): ANOVA one way and LSD statistical analysis of mean values of serum amylase (U/L) and lipase (U/L) 
enzymes among different studied groups. 
 -ve Control  group 

(I) 
Mean ± SD 

Chloropyrifos group ( 
III ) 

Mean ± SD 

 Follow up Group 
(IV)  

Mean ± SD 
F P 

Serum amylase  
(U/L) 

118.95±0.35  
 

297.91 ± 4.5 a 159.5±6.67 a b 2444.49 
 

<0.0001* 

Serum lipase (U/L) 30.29±1.35 70.14±2.25 a 45.93±2.66 a b 518.37 <0.0001* 
SD = Standard Deviation, Number of rats = 6 rats for each group, U/L= units per liter, a=  highly significant 
difference as compared to control group  (P < 0.001), b= highly significant difference as compared to chloropyrifos 
group (P < 0.001).    
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Table (3): ANOVA one way and LSD statistical analysis of mean values of serum glucose (mg/dl) and insulin (m 
IU/ml) enzymes among different studied groups. 
 -ve Control  

group (I) 
Mean ± SD 

Chloropyrifos 
group ( III ) 
Mean ± SD 

 Follow up Group 
(IV)  

Mean ± SD 

F P 

Serum glucose (mg/dl) 116.17±0.73 267.93±5.75 a 149.56±3.83ab 2371.56 <0.0001* 
Serum insulin (mIU/ml) 2.48±0.02 1.68±0.026 a 2.52±0.04  b 1398.74 <0.0001* 
SD = Standard Deviation, Number of rats = 6 rats for each group, mg/dl =milligram per deciliter   m IU/ml= milli 
international Units per milliliter, a=  highly significant difference as compared to control group  (P < 0.001), b= highly 
significant difference as compared to chloropyrifos group (P < 0.001).    
 
Table (4): ANOVA one way and LSD statistical analysis of mean values of serum MDA(nmol/L) and GSH 
(nmol/L) enzymes among different studied groups. 
 -ve Control  

group (I) 
Mean ± SD 

Chloropyrifos 
group ( III ) 
Mean ± SD 

 Follow up Group 
(IV)  

Mean ± SD 

F P 

MDA(nmol/L) 0.42± 0.06  2.09 ± 0.26 a 0.49 ±0.07 b 202.37 <0.0001* 
GSH(nmol/L) 1.37±0.997 0.57±0.076 a 1.02±0.075 a b 136.19 <0.0001* 

SD = Standard Deviation ,Number of rats = 6 rats for each group, nmol/L=nanomoles per liter, MDA= 
malondialdehyde,  GSH =reduced glutathione, a=  highly significant difference as compared to control group  (P < 
0.001), b= highly significant difference as compared to chloropyrifos group (P < 0.001).  
 
Table (5): Correlation between oxidative stress markers (MDA, GSH),  pancreatic enzymes (serum lipase, serum 
amylase), serum glucose, and serum insulin.  

Parameter Lipase (U/L) Amylase (U/L) Serum glucose 
(mg/dl) 

Serum insulin(m 
IU/ml) 

GSH(nmol/L) 

r p.value r p.value r p.value r p.value r p.value 
Amylase(U/L) 0.981 <0.001**   0.997 <0.001** -

0.967 
<0.001** -

0.959 
<0.001** 

Serum glucose 
(mg/dl) 

0.978 <0.001** 0.997 <0.001**   -
0.969 

<0.001** -
0.957 

<0.001** 

Serum 
insulin(mIU/ml) 

- 
0.91 

<0.001** -
0.967 

<0.001** -
0.969 

<0.001**   0.877 <0.001** 

GSH(nmol/L) -
0.975 

<0.001** -
0.959 

<0.001** -
0.957 

<0.001** 0.877 <0.001**   

MDA(nmol/L) 0.917 <0.001** 0.967 <0.001** 0.969 <0.001** - 
0.977 

<0.001** -
0.891 

<0.001** 

r: Pearson correlation, **Highly Significant (P< 0.001), U/L= units per liter, mg/dl =milligram per deciliter , m 
IU/ml= milli international Units per milliliter, nmol/L=nanomoles per liter,MDA= malondialdehyde , GSH =reduced 
glutathione. 
 

 
Figure 1: Bar chart showing comparison between negative control group and positive control group  as  
body weight and mean values of serum amylase, serum lipase, serum glucose, serum insulin, serum 
MDA, and serum GSH levels. Values obtained from rats treated for 8 weeks. 
Data expressed as Mean ± SD (Number = 6 rats/group). 
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Figure 2: A photomicrograph of sections of rat pancreases of: 
A, B: control group showing pancreatic lobules of closely packed acini (A) separated by thin interlobular septa 
(black arrow) and Islets of Langerhans (I) (H&E X400).  
C: chloropyrifos group showing degeneration of cells of acini (A) with widening of the interlobular spaces (black 
arrow) with blood vessels (bv) and infiltrated by inflammatory cells (red arrow). Cells of islet of Langerhans (I) 
is degenerated (H&E X400).  
D: follow up group showing improvement in the histopathological alterations no inflammatory reaction only 
mild degeneration of acinar cells (A) that has normal structure in form of as apical acidophilic cytoplasm and 
basal nuclei. Cells of islet of Langerhans (I) show mild degenerative change and still intercellular widening 
(black arrow) (H&E X400). 
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Figure 3: Ultra-structure of pancreatic acini of an ultrathin section of the pancreas obtained from: 
A, B: control groups showing pyramidal acinar cells, they have rounded basal nuclei (N) containing prominent 
nucleoli (NC). The cytoplasmare packed with cisternae of rough endoplasmic reticulum (black arrow) and 
numerous secretory granules (G). The acini are surrounded by small amounts of connective tissue (white arrow) 
(TEM. Mic. Mag.x4000). 
C: chloropyrifos group showing shrunken acinar cells with heterochromatic nuclei (N) and electron dense 
cytoplasm containing many vacuoles(V). The interstitial connective tissue (black arrow) appears with 
macrophage (M).               (TEM. Mic. Mag. x 4000). 
D: follow up group showing acinar cell with rounded basal nucleus (N) containing prominent nucleoli (NC). The 
cytoplasm are packed with cisternae of rough endoplasmic reticulum (black arrow), with abundant secretory 
granules (G). The acini are surrounded by connective tissue with fibroblast (F).  (TEM. Mic. Mag. x 4000). 
 
Discussion  
Chlorpyrifos is one of the most widely used OPs 
insecticides in agriculture and    also as household 
insecticide. Due to  its extensive use, residual 
quantities have been found in the ground, water 
sources,  and food , giving rise to  short-term or long-
term exposures with consequent toxic effects (Poet et 
al., 2004; Richardson and Chambers 2005; Akande 
2016). 

The aim of this research was to assess toxic 
effect of chloropyrifos on pancrease, its ability to 
induce diabetes mellitus in adult male albino rats and 
evaluate whether this toxic effects are permanent or 
temporary.  

In this research, chloropyrifos intake 
significantly reduced body weight. This observation 
was similar to results of other previous studies (Malik 
et al., 2004; Akhtar et al., 2009; Tripathi and 
Srivastava, 2010; Ambali et al., 2011; Mansour and 
Mossa, 2011; Heikal et al., 2012; Galakatu et al., 2012; 
Mossa & Abbassy, 2012). 

Chloropyrifos caused body weight loss as a 
result of its cholinergic action, oxidative stress and/or 
directly by increase breakdown of lipids and proteins 
(Goel et al., 2005; Mansour and Mossa, 2010; Mossa et 
al., 2011 and Heikal et al., 2012).    

The pancreas contains two different types of 
cells, the exocrine cells, which secrete enzymes into 
gastrointestinal tract including amylase and lipase 
enzymes, and the endocrine cells, which secrete 
hormones into the blood involving insulin which plays 
an essential role in glucose homeostasis (Slack, 1995). 

In this research, chloropyrifos administration 
caused highly significant increase in serum amylase 
and lipase levels.  

These results are in line with that of Polat and 
Ogut (2018).  They found significant increases in 
serum amylase and lipase enzymes in rats orally 
gavaged by chloropyrifos in a dose of (0.3 mg/kg/day) 
for 15 days.  
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Pujari et al. (2016) found increased levels of 
amylase and lipase in OPs poisoning patients. A 
retrospective and prospective study was performed by 
Moussa et al., (2018) on acute OPs poisoning cases 
admitted to the Poison Control Center, Ain Shams 
University Hospitals in which 24 % of cases had high 
amylase level, while 5% of cases had high lipase level. 
This was in agreement with previous study carried by 
Chaturvedi et al. (2014) where high amylase level was 
repeatedly observed in OPs poisoning.  

Serum amylase and lipase can be utilized as a 
marker for estimating the degree of severity in  OPs 
poisoning (Adhil and Sudharsan, 2015). However, in 
these case, it was found that serum amylase is helping 
in early identification of the patients at risk of 
developing  complications and also,  helping  in   early 
severity estimation. For these reasons, serum amylase 
may be considered as a useful marker in OPs poisoning 
(Panda and Nanda, 2014; Pujari et al., 2016; Salame 
and Wani, 2017; Moussa et al., 2018).  

Acute pancreatitis is a recurrent adverse event 
in OPs poisoning. It is believed that acute pancreatitis 
occurred after OPs poisoning is caused by excess 
stimulation of pancreatic acinar cells as a result of 
excessive release of acetylcholine from pancreatic 
nerves (Singh et al., 2007).  

These biochemical results were confirmed by 
histological examination of pancrease. There was 
degeneration of acini with widening of the interlobular 
spaces and infiltrated by inflammatory cells. Cells of 
islet of Langerhans were degenerated. These are 
compatible with that recorded by Kammon et al. (2011) 
who found degeneration and necrosis of glandular 
acini, and beta cells with proliferation of interlobular 
ducts in broilers after administration of chloropyrifos.   

Degeneration of islet of Langerhans found in 
this work supported the   alterations occurred in serum 
insulin and serum glucose. Chloropyrifos 
administration for 8 weeks caused an elevation in 
serum glucose with reduction in serum insulin. 

Many researchers had a great focus on the 
ability of OPs to cause hyperglycemia (Rahimi and 
Abdollahi, 2007). Moreover, a positive correlation 
between chlorpyrifos exposures and occurrence of 
diabetes mellitus was reported (Montgomery et al., 
2008).  

These findings are in concurrent with that 
reported by Kalender et al., (2012); Krishna and 
Ramachandran (2009); Acker and Nogueira (2012); 
Orabi et al. (2013) and Hamza et al., (2014) where  
chlorpyrifos  administration decreased serum insulin 
level and increased  serum glucose level 
(hyperglycemia). 

Pancreatic β-cells contain muscarinic 
receptors which play an important role in insulin 
production and release (D’Alessio et al., 2001; 

Duttaroy et al., 2004). By inhibiting AChE activity,  
chloropyrifos  increases  acetylcholine accumulation  
leading to more stimulation of  its receptors and 
consequently  downregulate  these  receptors (Van 
Koppen and Kaiser, 2003)  resulting in  reduction of 
insulin synthesis (Montgomery et al., 2008). Moreover, 
prolonged stimulation by acetylcholine may reduce β-

cell sensitivity to glucose (Gilon and Henquin, 2001). 
So,    inhibiting AChE activity plays a role to some 
extent in OPs-induced hyperglycemia (Pourkahlili et 
al., 2009; Joshi and Rashini, 2010). 

Hypersecretion of adrenaline is another 
mechanism explained hyperglycemia induced by OPs. 
Inhibition of AChE by OPs at neuroeffector sites in the 
adrenal medulla causes an increase in secretion of 
adrenaline (Gupta, 1974). Adrenaline elevates blood 
glucose by induction of gluconeogenesis and 
stimulating glycogenolysis in hepatocytes and myocyte 
cells (Gustavson et al., 2003; Rahimi and Abdollahi, 
2007).   

It was found  that chloropyrifos  impaired  
hepatic  function  with  declining  the capacity of  liver 
to synthesize glycogen (Goel et al., 2006 Ambali et al., 
2007; Ambali, 2009) and stimulating hepatic 
gluconeogenesis and glycogenolysis (Abdollahi et al., 
2004). 

Also, it   enhances lipolysis causing increases 
in the levels of free fatty acid which have been 
suggested to have an inhibitory effect on the insulin 
signaling and inhibit glycogen synthesis (Itani et al., 
2002). 

Pournourmohammadi et al. (2007) suggested 
that chlorpyrifos can disrupts  mitochondrial function 
of  islets of Langerhans inducing a sort of insulin 
resistance that cannot control hyperglycemia. 

In addition, oxidative stress has been shown to 
weaken role of insulin in glucose transport and 
glycogen synthesis through impairing the ability of 
insulin to stimulate glycogen synthase enzyme.  So, the 
outcomes of these are lack of glycogen synthesis with 
high blood glucose (Dokken et al., 2008).  This result 
was compatible with the result of this study where 
ingestion of chloropyrifos for 8 weeks increased serum 
level MDA and decreased serum level of GSH.  

Normally, the human body fights the 
dangerous effects of free radicals by antioxidants.  
Oxidative stress happens when production of   free 
radicals overrides the capacity of antioxidants. 
Oxidative stress has been implicated in many tissue 
and organ damage (Bhattacharya, 2015). One of 
mechanisms involved in the toxicity of OPs following 
sub chronic and chronic  exposure,  is lipid 
peroxidation  by  enhancing MDA production (Oncu et 
al., 2002; Akhgari et al., 2003; Sharma et al., 2005).  

Malondialdehyde (MDA) is the most widely 
used indicator of  lipid peroxidation in experimental 
studies (De Zwart et al., 1999).  In addition, it is well 
known as mutagenic agent (Niedernhofer et al., 2003). 
While, GSH is an essential non-enzymatic antioxidant 
playing an important role in free radicals neutralization.  
As it is SH containing coenzyme, it has a role in 
xenobiotic detoxification (Dickinson and Forman, 
2002).  

Several previous studies showed  an increase 
in lipid peroxidation after chloropyrifos administration 
(Gultekin et al., 2000; Tuzmen et al.  2008; Saulsbury 
et al., 2009; Ojha et al., 2011; Kalender et al., 2012; 
Uzun and Kalender, 2013; Kopjara et al., 2018; Owumi 
and Dim, 2019). 
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Also, Baba et al. (2013) and Newairy and 
Abdou (2013) found increased levels of MDA with 
reduction in GSH levels in blood of rats exposed to 
chlorpyrifos. Moreover, chloroprifos was found to 
increase MDA and decrease GSH levels in brain and 
liver tissues causing oxidative damage in these tissues 
(Ahmed and Zaki, 2009; Verma et al., 2007; Chenikhar 
et al., 2018).  

Calderón-Salinas et al. (2013) have proposed 
that oxidative stress participates in the pathogenesis, 
sequence, adverse effects and prognosis of diabetes 
mellitus.  

Oxidative stress is known to activate redox 
sensitive kinases (RSKs) like Nuclear Factor kappa B 
(NFκB) and p38 Mitogen-Activated Protein Kinase 
(p38 MAPK) (Morgan and Liu, 2011;  Son et al., 
2011). 

 After activation of  these  redox sensitive 
kinases by oxidative stress, they   impair tyrosine 
phosphorylation and cause serine phosphorylation of 
insulin receptor substrate-1 (IRS-1), negatively 
affecting insulin signaling with development of  insulin 
resistance  (Karin et al., 2005). 

Chlorpyrifos is reported to affect expression 
of different genes in various tissues (Tang et al., 2018).  
Shrestha et al. (2018) found that chlorpyrifos impairs 
insulin signaling at the level of IRS-1as a result of 
activation of redox-sensitive kinases by oxidative stress 
enhanced by chlorpyrifos exposure. This might 
illustrate that chlorpyrifos is considered as a risk factor 
in the incidence of diabetes mellitus and insulin 
resistance state.  

In the current study, 4 weeks of follow up 
without any treatment were associated with partial to 
complete improvement in the biochemical 
investigations and histological examination of tissues.  

These are compatible with Padilla et al. (2005) 
who found that stoppage of chloropyrifos use for 3 
months completely reversed all abnormal changes 
happened after chloropyrifos administration for periods 
of 6 or 12 months. Moreover, El-Tawil (2014) found 
that 3 weeks of recovery follow up caused 
improvement in all adverse effects induced by 
chloropyrifos.  
Conclusion & Recommendations 
Chronic chloropyrifos exposure has toxic effect on 
pancrease and is considered as a risk factor for diabetes 
mellitus. Stoppage of exposure for a sufficient period 
can reverse these toxic effects. It is  recommended to 
reduce utilization  or even interrupt  the use  of 
insecticides including chloropyrifos  and encourage 
more researches to find natural methods instead of  
these chemical insecticides. 
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 الملخص العربى

 

 م مؤقتةتقييم دور الكلوربيريفوس فى حدوث  مرض السكري والآثار السامة على البنكرياس لدى الجرذان البيضاء البالغة وسواء هذه الآثار دائمة أ
 

 2منى مصطفى احمد و 1إيمان السيد حسن خيال

 
ية شيوعًا. أظهرت العديد من الدراسات وجود علاقة بين التعرض يعد الكلوربيريفوس أحد أكثر مبيدات الحشرات الفسفورية العضو  المقدمة:

من البحث تقييم التأثير السام للكلوريوبيريفوس على البنكرياس ، وقدرته على حدوث مرض السكري  الهدفللمبيدات الحشرية وحدوث  مرض السكري. كان 
جرذ من الذكور البالغين في أربع 24تم تقسيم المواد والطرق المستخدمة:أو مؤقتة؟. في الفئران الذكور البالغة وتقييم  هذه الآثار السامة هل هى دائمة 

مل من زيت الذرة مرة واحدة في اليوم  0.5 )المجموعة الضابطة الموجبة(: تم إعطاء كل جرذ . المجموعة الثانيةالمجموعة الضابطة السالبةمجموعات. المجموعة الأولى: 
ملجم / كجم من وزن الجسم /  6.75كلوربيريفوس  مذاب في زيت الذرة عن طريق الفم )  كل جرذأسابيع. المجموعة الثالثة:  تم إعطاء   8عن طريق الفم  لمدة 

أسابيع أخرى.  4أسابيع ، ثم تُركت بدون علاج لمدة  8عة المجموعة الثالثة لمدة كلوربيريفوس بنفس جر   كل جرذأسابيع. المجموعة الرابعة: :  تم إعطاء   8يوم( لمدة 
الجلوتاثيون المنخفض  ولين وفي نهاية الدراسة ، تم قياس وزن جميع الجرذان ، ثم تم أخذ عينات دم من جميع الفئران لقياس نسب الأميليز والليباز والجلوكوز والأنس

تسبب تناول الكلوروبريفوس في  النتائج:. بعد ذلك تم تشريح الأنسجة البنكرياس وتقديمها لفحص الأنسجة والتشريح الهيكلي. قياس نسبة المالونديالديهايد و
نخفض. مع انخفاض ملحوظ في  نسب الأنسولين في الدم و الجلوتاثيون الم المالونديالديهايدزيادات ملحوظة في نسب الأميليز في الدم ، والليباز ، والجلوكوز ، و 

كان   الخلاصة:أسابيع أحدثت تحسن ملحوظ في هذه التغيرات.  4توقف التعرض  لمدة  وارتبطت هذه التغييرات البيوكيميائية بتغييرات باثولوجيه. و قد وجد أن
 ه لفترة.للكلوروبيريفوس آثار سامة على البنكرياس واعتبر من عوامل الخطر لمرض السكري ويمكن أن يحدث تحسن بعد توقف استخدام
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