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Highlights 

• Chlorpyrifos-ethyl exposure at different doses affects metabolism and induced oxidative 

stress in pregnant and lactating rats. 

• Metabolic changes and oxidative stress caused by chlorpyrifos-ethyl were also observed 

in pups at weaning. 

• Maternal chlorpyrifos-ethyl exposure during gestation and lactation induced the 

development of metabolic disorders and redox alterations in the offspring. 
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Abstract 

Chlorpyrifos-ethyl (CE) is one of the most widely used organophosphorus insecticides for 

industrial, agricultural and public health purposes. The aim of the study was to evaluate the 

effect of CE exposure via gavage on metabolic and redox status in pregnant, lactating rats and 

their pups at weaning. The oral administration of this pesticide at doses of 1 mg/kg of body 

weight No Observed Adverse Effects Level (NOAEL), 5.4mg/kg b.wt (1/25LD50) and 13.5 

mg/kg b.wt (1/10LD50) was given 1day/2 to female rats during the entire gestation and 

lactation period. Plasma biochemical parameters as well as lipid profiles and oxidative stress 

markers were determined. Oral CE exposure induced an increase in plasma glucose, urea, 

creatinine and lipid status levels in mothers at parturition (day 0) and at the end of lactation 

(day21) and in their offspring at weaning (day21). An altered oxidant/antioxidant status 

marked in mothers treated by the insecticide at day 0 and day 21 and these disturbances were 

also seen in their offspring. In conclusion, different doses CE exposure induced several 

metabolic and redox alterations leading to maternal physiological impairments and to 

offspring metabolic changes. CE should be used with caution especially during pregnancy and 

lactation period. 
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1. Introduction 

Pesticides are ubiquitous in the environment and have significant economic, 

environmental and public health impact. Their  usage helps to improve human nutrition 

through greater  availability, longer storage life and lower costs of Food (El-Demerdash 

and Nasr, 2014). Organophosphorus insecticides (OPIs) are one of the largely used 

classes of compounds for pest control in various scenarios. Use of OPIs has increased 

owing to their low toxicity and low persistence in mammalian system. OPIs act via 

inhibition of acetylcholinesterase (AChE; EC 3.1.1.7), an enzyme involved in regulation 

of neurotransmission by hydrolysis of the neurotransmitter, acetylcholine (ACh) (Joshi 

and Rajini, 2009). OPIs exposures have been associated with metabolic disorders 

(Reygner et al., 2016) and oxidative stress characterized by increased lipid peroxidation and 

alterations in the status of enzymatic antioxidant defense mechanisms in humans (Ranibar et 

al., 2005). Chlorpyrifos (CFP) and its derivatives are used organophosphorus compounds 

to control a variety of insects and pests in agricultural practices (Galloway and Handy, 

2003). They are among the most used insecticides in the world, that  is why they have 

been the subject of numerous toxicity studies (Kenfack et al., 2007). CPF (0,0,- diethyl 

0-3,5,6-trichloro-2- pyridyl phosphorothionate) (C9H11Cl3NO3PS) is classified as a 

moderately hazardous, class insecticide by the world health organization (WHO, 1997). Its 

acute toxicity varies according to the species and route of exposure, acute oral LD50 for 

females’ rats is estimated to be 135 mg/kg body weight (Mc Collister et al., 1974). 

Chlorpyrifos-ethyl (CE) is one of the most recent derivatives of CPF. In addition, CE is 

widely used in the agricultural production in Algeria (Agricultural Ministry, Algeria 

‘Alphyte Spa: Algérienne des phytosanitaires’). Increasing evidence indicates that CPF is 

involved in metabolic perturbations (Joshi and Rajini, 2009) and oxidative stress in the 

body by enhanced levels of Malondialdehyde (MDA) accompanied by a concomitant 

decrease in the activity of catalase (CAT). Available reports indicate that CPF alter the 

activities associated with antioxidant defense mechanisms ( Attia et al., 2012). The aim of this 

study was to investigate the effect of oral CE exposure at different doses on metabolic 

parameters and oxidative stress biomarkers in pregnant rats at parturition (day 0) and at the 

end of lactation (day 21) and their offspring at weaning (day 21). 
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2. Materiel and methods 

2.1 Chemicals 
CE is a synthetic organophosphate insecticide [O, O-diethyl-O-(3, 5, 6-trichloro-2-

pyridyl) phosphorothioate], which is being widely used as an insecticide in Algeria. The 

commercial formulation of CE, namely Dursban 4® (Dow agrosciences) containing 480 g CE 

perliter, was used in this study and all other chemical products were obtained on 2013 from 

National Institute of Agronomic Research of Algeria  (INRAA). 

2.2 Animals and experimental design 

A total of 24 female Wistar rats (weighing 200g) were obtained from the Pasteur 

Institute (Algiers, Algeria). Animals were housed in wood-chip-bedded plastic cages, with a 

12 h light/dark cycle, room temperature of 23 °C, air humidity of 60 ± 5%. The rats had 

free access to water and a standard diet (O.N.A.B). The female rats were randomized into 

four groups of six animals for each group. Control group (C/oil): Rats were received only 

corn oil (1.6 ml/ 200g of rat). CE was prepared by corn oil. In Group 1, the rats were 

given CE at a dose of 1 mg/kg body weight [NOAEL: no observable adverse effects level; 

low dose (Mansour and Mossa, 2011)]. Group 2 received CE at a dose of 5.4mg/kg b.wt 

[median dose; equivalent to 1/25 LD50 (Tanvir et al., 2015)], whereas rats in Group 3 treated 

by CE at 13.5 mg/kg body weight (highest dose 1/10LD50) according to the protocol 

(Goel et al., 2007).The route of administration selected for the study was oral gavage 

(every two days) for all female rats during one month before matin. After this period, the 

female rats were mated. The presence of sperm on the vaginal smear was used to 

determine the first day of pregnancy, the male rats were removed and gavage was continued 

for the pregnant rats of the four groups by the same doses of CE during pregnancy and 

lactation. The experimental procedures were carried out according to the National 

Institute of Health Guidelines for animal care and approved by the Regional Ethical 

Committee.  

2.3 Experimental procedures 

At days 0 and 21 for mothers and days 21 for pups, six rats from each group were 

anesthetized with intraperitoneal injection of sodium pentobarbital (60 mg/kg of body 

weight). The blood was collected from the abdominal aorta puncture into EDTA tube. 

Blood samples were centrifuged to obtain the plasma for determination of biochemical and 

some oxidative stress parameters. After removal of plasma, the remaining erythrocytes were 

washed three times in isotonic saline, hemolysed by the addition of ice- cold distilled water 

(1/4) and stored at 4 °C for 15 min. The cell debris was removed by centrifugation 

(2000g for 15 min). The erythrocyte lysates were assayed for catalase activity and MDA. 

 

2.4 Biochemical analyses 

Plasma glucose, triglycerides, total cholesterol, urea, creatinine levels were measured using 

commercial kits obtained from Spinreact (by colorimetric enzymatic assays). Triglycerides 

and total cholesterol were determined in different lipoprotein fractions after separation by 

precipitation according to the method of Burstein et al. (1989). 

 

2.5 Oxidant/antioxidant marker determination 

MDA levels, a marker of lipid peroxidation, were estimated by the procedure of Draper 

and Hadley, (1990) using thiobarbituric acid (TBA). 

Erythrocyte CAT (EC.1.11.1.6) activity was assayed by measuring the rate of  hydrogen 

peroxide (H2O2) decomposition according the kinetic method described by Aebi  (1984). The 

reaction was initiated by additional of hemolysate to the reaction mixture containing 
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phosphate buffer (0.05 M, pH 7.2) and H2O2. Change in absorbance was recorded 

spectrophotometrically at 240 nm. Enzyme activity was expressed as U/g of hemoglobin 

(Hb).  

 

2.6 Statistical analysis 

Results are expressed as means ± standard deviation (SD). Significant differences among the 

groups were analysed by one-way analysis of variance (ANOVA) test followed by Tukey’s 

multiple comparison tests. p-Value < 0.05 was considered statistically significant. All 

data were done with the Statistical Package for Social Sciences (IBM SPSS,  20.0 for 

windows). 

 

3. Results 
 

3.1 Clinical signs of toxicity 

No signs of toxicity and deaths were observed in any of the treatment groups during the 

experimental period. But a decrease of the number for newborns of rats exposed to the 

high dose of CE (13.5mg/kg b.wt; 1/10LD50) during gestation compared with other doses 

and control, are noted in this study. 

 

3.2 Effect of treatment on plasma and lipoproteins biochemical parameters 
 

3.2.1 Effect of treatment on Mother rats  

The administration of CE resulted in the increase in plasma glucose, urea and creatinine levels 

in mothers rats at parturition and at the end of lactation for all doses Table 1) compared to the 

control mothers, with the highest effective concentrations being 1/25LD50. 

The oral exposure of CE at all of the applied dose levels induced a general but dose- 

dependent elevation of the total cholesterol level in the plasma, LDL and VLDL of mothers 

rats tested with three doses of this pesticide during gestation and lactation compared 

with control mothers at day0  and day21 (Table 1). T h e  p r o n o u n c e d  e f f e c t  

b e i n g  w i t h   the 1/25LD50 and 1/10LD50 dose levels while, HDL cholesterol was very 

low in experimental mother rats exposure to CE 1/10L D50 compared with both doses of 

CE and control   values at parturition and at the end of lactation ( Table 1). 

Plasma, LDL and VLDL triglycerides contents were significantly higher (p 0.000) in rats’ 

mothers treated by CE at different doses than in control mothers’ rats at day0 (Table1), 

with the highest effective concentrations being 1/25LD50 and 1/10LD50 of CE. At day 21, 

A high significant decreases (p 0.000) in HDL triglycerides contents were noted in 

experimental mothers rats treated with CE 1/10LD50 compared to other doses of CE and 

control mothers rats at parturition and at the end of lactation ( Table1).  

 

3.2.2 Effect of treatment on Offspring  
Palsma glucose, urea and creatinine levels were significantly enhanced  in pups, at weaning, 

from mothers given CE at different doses (low, median and high) during gestation and 

lactation had higher significant increase (p 0.000) compared with control pups (Table 1), 

with the highest effective concentrations being 1/25LD50 and 1/10LD50 doses of this 

pesticide.  

The results of the present study showed that CE gavage to the mother rats at dose of 

NOAEL, 1/25 LD50 and 1/10LD50 throughout gestation and lactation, produced a 

general significant increase (p 0.000) in plasma total cholesterol, VLDL-C and LDL-C 

levels from their offspring at weaning day 21 compared with control pups. The highest 

increase values was recorded in pups that mothers treated with the 1/25LD50 and 1/10LD50 
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doses levels. On the other hand, there were a significant decreases in HDL-C levels in 

pups of different treated groups compared to pups of control group (Table 1) and this 

reduction was more pronounced with 1/25LD50 dose level.  

The gavage of 1/25LD50 of CE to pregnant/lactating female rats caused a significant 

elevation in plasma, LDL and VLDL triglycerides levels of their pups at weaning compared 

with pups of other treated groups NOAEL, 1/10LD50 and pups of control group (Table 1). A 

slight but not significant decrease of HDL triglycerides contents in plasma of pups from 

dams treated with NOAEL dose level. However, the treated group with 1/25LD50 dose 

level had a significant decrease in plasma HDL-TG concentrations of offspring from 

mothers given this dose level during gestation and lactation than offspring from mothers 

tested by CE at 1/10LD50 dose level ( Table 1).  

 

Table 1. Influence of different doses of chlorpyrifos-ethyl on metabolic parameters in 

pregnancy rats at parturition (day 0), at the end of lactation (day 21) and offspring rats at the 

weaning (day 21). 

 
 Parameter Control NOAEL 1/25LD50 1/10LD50 P(ANOVA) 

 

Mothers 

Glucose (g/L)  

Day 0 0.86±0.04d 0.98±0.02c 1.12±0.03a 1.04±0.02b 0.000 

Day 21 0.89±0.02d 1.72±0.01c 1.95±0.01a 1.90±0.01b 0.000 

Total cholesterol (g/L)  

Day 0 1.20±0.04c 1.39±0.02b 1.69±0.03a 1.67±0.02a 0.000 

Day 21 1.24±0.02c 1.62±0.02b 1.86±0.02a 1.80±0.02a 0.000 

Triglycerides (g/L)  

Day 0 0.95±0.12c 1.29±0.11b 1.50±0.17a 1.52±0.04a 0.000 

Day 21 1.03±0.02d 1.38±0.02c 1.72±0.02a 1.65±0.02b 0.000 

Urea(mg/dL)  

Day 0 40.08±0.76c 35.22±1.15d 95.11±2.01a 88.55±0.54b 0.000 

Day 21 42.01±0.9c 37.94±0.3d 100.88±0.75a 90.09±0.4b 0.000 

Creatinine (mg/dL)  

Day 0 0.40±0.10c 0.62±0.07b 0.73±0.05b 1.07±0.13a 0.000 

Day 21 0.49±0.02d 0.63±0.07c 0.77±0.03b 1.11±0.10a 0.000 

LDL-TG (g/L)  

Day 0 0.30±0.02c 0.47±0.02b 0.65±0.05a 0.66±0.08a 0.000 

Day 21 0.26±0.02c 0.52±0.03b 0.77±0.01a 0.76±0.02a 0.000 

LDL-C (g/L)  

Day 0 0.40±0.02c 0.60±0.02b 0.75±0.02a 0.70±0.02a 0.000 

Day 21 0.41±0.03b 0.80±0.03a 0.90±0.02a 0.86±0.04a 0.000 

HDL-TG (g/L)  

Day 0 0.22±0.01a 0.17±0.01b 0.19±0.01b 0.16±0.01b 0.000 

Day 21 0.22±0.03a 0.13±0.02b 0.13±0.04b 0.11±0.02b 0.000 

HDL- C (g/L)  

Day 0 0.47±0.02a 0.35±0.01b 0.37±0.02b 0.30±0.02c 0.000 

Day 21 0.47±0.02a 0.27±0.02b 0.27±0.02b 0.25±0.02c 0.000 

VLDL-TG (g/L)  

Day 0 0.45±0.01c 0.63±0.01b 0.68±0.01a 0.70±0.01a 0.000 

Day 21 0.55±0.01c 0.73±0.03b 0.86±0.03a 0.78±0.03b 0.000 

VLDL-C (g/L)  

Day 0 0.33±0.01c 0.54±0.01b 0.66±0.01a 0.65±0.02a 0.000 

Day 21 0.36±0.01c 0.45±0.02b 0.69±0.01a 0.66±0.01a 0.000 

Offspring Glucose (g/L) 0.65±0.07c 1.01±0.01b 1.25±0.06a 1.23±0.08a 0.000 
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Total cholesterol (g/L) 0.57±0.03c 0.71±0.02b 0.84±0.04a 0.82±0.02a 0.000 

Triglycerides (g/L) 0.60±0.08d 0.95±0.08 c 1.33±0.05a 1.23±0.03b 0.000 

Urea(mg/dL) 38.99±0.31c 35.85±0.35d 87.92±0.40a 85.18±0.43b 0.000 

Creatinine 

(mg/dL) 

0.40±0.03d 0.57±0.03c 0.68±0.02b 0.98±0.05a 0.000 

LDL-TG (g/L) 0.10±0.02c 0.27±0.02b 0.45±0.03a 0.42±0.02a 0.000 

LDL-C (g/L) 0.12±0.01c 0.29±0.01b 0.40±0.01a 0.36±0.01a 0.000 

HDL-TG (g/L) 0.20±0.02a 0.18±0.02a 0.10±0.01c 0.16±0.01b 0.000 

HDL- C (g/L) 0.29±0.02a 0.22±0.02b 0.10±0.01d 0.13±0.01c 0.000 

VLDL-TG (g/L) 0.30±0.01d 0.50±0.01c 0.75±0.02a 0.65±0.01b 0.000 

VLDL-C (g/L) 0.19±0.01c 0.22±0.01b 0.34±0.01a 0.33±0.01a 0.000 
Values are means ± S.E.M. n= 6 rats in each group. Control: mothers received 1.6 mL corn oil/rat; NOAEL: 

rats treated by 1 mg/kg b.wt of CE; 1/25LD50: mothers exposed to 5.4mg/kg b.wt; 1/10LD50:   rats treated with 

13.5mg/kg b.wt. LDL-TG: low-density lipoprotein triglycerides; LDL-C: low- density lipoprotein cholesterol; 

HDL-TG: high-density lipoprotein triglycerides; HDL-C: high-density lipoprotein cholesterol; VLDL-TG very 

low-density lipoprotein triglycerides; VLDL-C: very low-density lipoprotein cholesterol. Values with 

different superscript letters (a, b, c, d) are significantly different at p < 0.05. 

 

3.3 Effect of treatment on oxidative stress markers 
 

3.3.1 Mothers 

Oral exposure of CE during gestation and lactation to the rats at different doses, caused 

induction of oxidative stress as evidenced by higher increase in the levels of MDA ; the 

major end product of lipid peroxidation, in plasma and erythrocyte compared to mothers 

rats of the control group at day0 and at day21 (Figure 1). The highest increase values 

were recorded in rats that were treated with the 1/25LD50 dose level.  

In comparison to the control group, the erythrocyte catalase activity CAT was significantly 

lowered in mothers treated by CE at dose level of 1/25LD50 at day0 and day 21; no 

significant difference was marked in mothers exposed to other doses of CE (NOAEL, 

1/10LD50) at parturition, but the decreased CAT activity was found in lactating rats tested 

with 1/10LD50 dose level, which was significantly different from the control dams (Figure 1).   

 

3.3.2 Offspring 

A higher significantly increase in the MDA level was found in the plasma and erythrocyte 

of pups from pregnant rat mothers given CE at all of the applied dose levels during 

gestation and lactation compared with pups of control group, with the highest effective 

concentrations being 1/25LD50 dose level ( Figure 2). In other hand, there were significant 

alterations in erythrocyte antioxidant status in pups from pregnant/lactating rats exposed to 

CE in comparison to pups from control exposed to CE in comparison to pups from control 

group as indicated by a high decreases of erythrocyte CAT activity level at day21 (Figure 

2). The highest decrease values were observed in pups of 1/25LD50 of CE group.  
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Figure 1.  Oxidative stress markers in control and experimental rats at parturition (day0), at 

the end of lactation (day 21).  
Values are means ± S.E.M. n = 6 rats in each group. Control: mothers received 1.6 mL corn oil/rat; NOAEL: 

rats treated by 1 mg/kg b.wt of CE; 1/25LD50: mothers exposed to 5.4mg/kg b.wt; 1/10LD50:   rats treated with 

13.5mg/kg b.wt. Values with different superscript letters (a, b, c, d) are significantly different at p < 0.05. 

CAT: catalase, MDA: malondialdehyde.  

 

 

 

Figure 2.  Oxidative stress markers in control and experimental offspring.  
Values are means ± S.E.M. n = 6 rats in each group. Control: mothers received 1.6 mL corn oil/rat; NOAEL: 

rats treated by 1 mg/kg b.wt of CE; 1/25LD50: mothers exposed to 5.4mg/kg b.wt; 1/10LD50:   rats treated with 

13.5mg/kg b.wt. Values with different superscript letters (a, b, c, d) are significantly different at p < 0.05. 

CAT: catalase, MDA: malondialdehyde.  
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4. Discussion   

The present study, suggested that gestation and lactation exposures to CE may be affect the 

metabolism and the balance oxidant/antioxidant in dams at parturition and the end of 

lactation as well as their offspring at weaning. 

The exposition of dams to CE at low, median and high doses during these periods 

induced several biochemical changes. Our data showed increased plasma glucose levels at 

day 0 and day 21 in dams and in their pups at weaning; this increase was more pronounced 

in 1/25LD50 dose, similar results have been found by Reygner et al. (2016). In contrast, Zama 

et al. (2005) reported a hypoglycemia in pregnant rats exposed to CE from 6th to 15th day 

of pregnancy than dissected on 19th day. The majority of experimental studies designed 

to evaluate the effects of OPI on glucose homeostasis have revealed a pronounced 

hyperglycemia, as an immediate consequence of OPI administration (Lasram et al., 

2014). Previous studies indicated that CE exposure at different doses causes an increase 

in blood glucose in adult male rats (Acker and Nogueira, 2012;  Orabi et al., 2013), which 

was explained by stimulation of glycogenolysis in several organs (Rezg et al., 2007) 

and of gluconeogenesis in liver, provoking glucose release into the blood (Acker and 

Nogueira, 2012).  

The current results indicate that CE exposure during gestation and lactation resulted in the 

increase in plasma urea and creatinine levels in both dams and their pups at weaning. While 

the opposite are noted concerning plasma urea levels in group of dams treated by 

NOAEL dose and their offspring compared to the control group. The exposure indicates 

reduced glomerular function (Ali and Ismail, 2012), because these metabolic parameters are 

the waste products of protein metabolism requiring excretion through the kidney (Al-

Attar and Al- Tisan, 2010). These findings corroborated with previous investigations in 

pregnancy rats (Zama et al., 2005), lactating rats (Mansour and Mossa, 2011) and in adult 

male and female rats (Mansour and Mossa, 2010; Nisar et al., 2013) treated by CPF. 

The analysis of blood yields information about the predominant metabolic pathways in the 

body. Our results showed alteration in plasma lipid and lipoproteins levels, these dyslipidemia 

manifested as high plasma, LDL, VLDL triglycerides and cholesterol levels and low 

total cholesterol and triglycerides HDL concentrations in experimental dams treated by CE 

in all group during gestation and lactation at parturition and at the end of lactation 

compared with control group. These results are in agreement with previous studies 

(Uchendu et al., 2013; El-Demerdash and Nasr, 2014; Tanvir et al., 2015; Akande et al., 

2016). The same observation has mentioned concerning their nursing pups at day 21, 

suggested by Bonvallot et al. (2018), who reported that a modification observed in 

offspring may be a consequence of the altered metabolism in dams. On the other 

hand, Reygner et al. (2016) recommended a low plasma triglycerides levels and insignificant 

change in plasma, LDL and HDL cholesterol contents in pregnancy/lactating rats treated by 

CPF and their pups. Also, the decrease in plasma triglycerides and VLDL cholesterol in 

adult male Wistar rats exposed to CPF reported by the study of Ambali et al. (2011). 

In this study, lipid changes observed in treated rats seemed to be acquired through 

permanent modulation of lipid and lipoproteins metabolism in dams during gestation and 

lactation and their pups in early development (fetal life), it is not mentioned in this 

present study and postnatal exposure through milk; who is an important route of elimination 

from the mammalian body (Syed et al., 2016). Currently, oxidative stress isthe  second 

aspect of organophosphates toxicity after cholinesterase inhibition, and remains today under 

investigation. Induction of free radicals, lipid peroxidation and impaired antioxidant 

status by organophosphates has been widely studied in humans and animals (Sidhu et al., 

2014; Zhang et al., 2014). The preliminary results arising from the current investigation 
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reveal that exposure of CE during gestation and lactation affect the balance between 

reactive oxygen species (ROS) generation and the activity of scavenging systems, 

resulting in the formation of further oxidative stress (Hussien et al., 2013). In our work, 

oxidative stress was marked by high oxidative markers MDA in plasma and in erythrocyte 

and low antioxidant defense CAT activity . The decrease in antioxidants might be due to 

their increased utilization in response of oxidative stress in treated dams. Our research 

found that dams exposed to CE during gestation and lactation and their pups at weaning 

had an enhanced increase in the levels of MDA; the major product of lipid 

peroxidation, in plasma and erythrocytes at parturition and at the end of lactation. These 

results are parallel to the results of many authors (Mansour and Mossa, 2010; Ambali et al., 

2011; Ma et al., 2013; Uchendu et al., 2013). The high MDA concentrations in the CE 

group demonstrates the role of lipid peroxidation in the CE induced alteration in lipid 

profiles in this study cholesterol and triglycerides component of lipoprotein fraction can be 

oxidized by toxic radicals and can lose their chemical structures and cellular function (El-

Banna et al., 2009). 

Antioxidant enzyme namely catalase CAT is the first line of defense against oxidative stress. 

CAT soluble protein in erythrocytes plays a role in the decomposition of hydrogen 

peroxide to give water. CAT activity decreased in the erythrocyte after CE exposure in all 

dams treated by different doses of this pesticide during gestation and lactation at day0 and 

at day21 and their offspring at day21. Low CAT activity could also be attributed to enzyme 

inactivation by ROS induced damage to proteins (Nelson et al., 2006). On balance, our 

results are in accordance with other investigations (Mansour and Moussa, 2009) in the 

erythrocyte and in different tissues (El-Demerdash, 2011). CAT seems to be maximally 

susceptible to inhibition by CE, it is one of the most active enzymes and its levels change first 

following induction of oxidative stress. 

 

5. Conclusion 

In summary, we concluded that CE induced metabolic disorders and oxidative stress in 

pregnant and lactating mother rats These abnormalities were also observed in their 

offspring at weaning, but the precise mechanism of transmission of CE in 

prenatal/postnatal exposure of pups cannot be ascertained from the results of this research 

and thus remains to be explored in future. 
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