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ABSTRACT 

Carboxylesterases (CEs) are sensitive indicators of environmental organophosphate 

pesticides (OP) exposure and catalyze several lipid metabolic reactions. The aim of this 

pilot study was to assess the impact of OP exposure on placental CE activity and lipid 

composition. We performed a study of fourty healthy women who live in a cultivation 

area. Samples were collected during the pulverization period (PP) and recess period 

(RP). The plasma cholinesterase and placental CE activity decreased in PP, suggesting 

that women were exposed to OPs and that these pesticides reached the placenta. The 

cardiolipin content increased and the phosphatidylethanolamine content decreased in the 

light mitochondrial fraction while total cholesterol and sphingomyelin increased in the 

nuclear fraction. These changes in lipid profiles suggest repair by hyperplasia of the 

cytotrophoblast. Decreased CE activity may have clinical and toxicological implications 

and thus entail potential risks to damage the developing fetus.  
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1. Introduction 

Epidemiological studies have linked exposure to pesticides during pregnancy with 

impairment of fetal growth and development [1,2,3,4,5,6].  

One of the most important classes of chemicals actively applied to the environment is 

the cholinesterase-inhibiting organophosphate (OP). Almost every person is, or has 

been, exposed to OP insecticides in their home or work environment or as trace dietary 

contaminants [7,8]. Residing near pesticide-treated areas or in agricultural regions 

contributes to exposure, as do house and yard pesticide treatments. Studies of the 

toxicokinetics and placental transfer of OPs in exposed pregnant rats showed that the 

placenta was a poor barrier against the pesticide and this organ functioned as a 

temporary depot [9,10].  Although the health of the placenta is a prerequisite for the 

health of fetus [11], not many studies have focused on pesticide placental toxicity. 

Levario Carrillo et al. [12] investigated the placental morphology of women living in an 

agricultural area exposed to parathion. These authors observed microcalcifications, 

microinfarctions and atypical characteristics of tertiary villi. Alterations in the 

homogeneity of the maturity within placental tissue from women exposed to pesticides  

have also been reported [13]. We previously showed significant changes in the activity 

of acetylcholinesterase  and catalase associated with periods of OP pulverization in 

placenta samples of women residing in a rural area and a correlation of catalase activity 

with newborn head circumference [14]. 

Lipid pathways and transport are very active in the placenta [15] and contribute to 

progesterone synthesis, membrane-dependent events and supply of fatty acids to the 

fetus [16]. As pesticides are lipophilic compounds, they may interfere with the lipid 

metabolic pathways that occur in membranes. In fact, in vitro studies from our 

laboratory have shown that in cell-free homogenates of placental tissue, OPs affected 
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the activity of phosphatydilinositol 4-kinase as well as the metabolism of 

phosphoinositides, minor lipids associated to signaling [14]. In addition, lipid 

peroxidation was found to be the most common molecular mechanism of action of OPs 

in experimental models both in vitro [17] and in vivo [18]. However, there is a lack of 

information about the possible effect on placental lipid composition associated to 

environmental human exposure. 

Among the enzymes involved in lipid metabolism, carboxylesterases (CEs), which 

catalyze several cholesterol and fatty acid metabolic reactions [19], participate in the 

maintenance of the membrane structure [20] and in the hydrolysis and 

transesterification of xenobiotics [19].  CEs are considered sensitive indicators of 

environmental OP exposure [21, 22]. CEs form part of the B-class of esterases, enzymes 

that are inhibited by OPs and carbamates [23], and showed decreased catalytic 

efficiency in preeclampsia [24]. 

This pilot study was conducted to assess  the potential impact of environmental 

pesticide exposure on CE activity and the lipid profile of the placentas of women 

residing in an agricultural area. As specific phospholipids are required by mitochondrial 

membrane-bound enzymes [25] and as they have functional significance in nuclei 

events [26], the lipid composition of both placental organelles, mitochondria and nuclei, 

were studied.  

 

2. Material and methods 

2.1 . Chemicals 

The chemicals used were of reagent grade and were obtained from Sigma Chemical Co. 

(Buenos Aires, Argentina) or Merck Laboratories (Darmstadt, Germany). Organic 

solvents were from Carlo Erba (Milan, Italy).  
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2.2 . Participant recruitment and collection of samples 

 

We performed a study of 40 healthy women between the ages of 15 and 36, entering 

prenatal care at the Cinco Saltos Public Hospital, province of Río Negro, Argentina, 

between December 2006 and August 2008. They were asked to participate by a 

physician in their third trimester of pregnancy and consent was obtained from each 

participant before they were interviewed. This study was carried out with the full ethical 

approval of the local Advisory Committee of Biomedical Research in Humans, which 

approved the study protocol. 

The patients included in this study were residents of farms or communities surrounding 

fruit cultivation areas where pesticides, mainly OPs, such as azinphos methyl, phosmet, 

chlorpyrifos and dimethoate, as well as carbamates are applied six months a year, 

during the dry seasons: spring and summer (September to February). Pesticides are 

usually finely dispersed as droplets or particles at the time of pulverization and aerial 

drift from the target area is frequent, increasing the potential environmental exposure of 

the population. Samples collected from September to December were considered 

samples of the  PP, and those collected from April to August were considered samples 

of the RP. A questionnaire was administered to document physical characteristics, 

educational level and lifestyle habits. Women with chronic diseases, on long-term 

medication (except those included in Group A according to the FDA), and those with 

serious pregnancy complications were excluded. Groups were matched for reported 

smoking habit and alcohol consumption. 

Maternal blood samples (n=40) of the third trimester of pregnancy were obtained by 

venipuncture. Heparinized blood samples were analyzed for cholinesterases activity. 
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EDTA-treated samples were analyzed for red cell count in a Cell-Dyn 1400 hematology 

analyzer. Villous placental samples were collected within 20 min of vaginal delivery. 

Suitable amounts from the central area of the maternal side of the placenta were 

obtained as the expression of various components may vary according to the location 

[27]. For CE activity determinations (n=40), samples were frozen at -20ºC until use. For 

subcellular fractions and lipid extracts only samples from births occurring in the 

morning were considered because they require 6 hours of laboratory work. These 

samples (n=19) were collected in ice-cold Hepes buffer with NaCl 0.85 %, pH 7.0, 

containing butylated hydroxytoluene as an antioxidant and were processed immediately.  

 

2.3. Cholinesterase assay  

 

Red blood cell acetylcholinesterase activity (RBC AChE) and plasma cholinesterase 

(PCh) activity were measured using heparinized samples at 30°C following the method 

by Voss and Shasse [28]. A blank was added to every subject’s blood. RBC AChE  

activity was normalized by red blood cell count and expressed as nmoles of hydrolyzed 

substrate x min-1 x millions-1 of erythrocytes. ChP activity was expressed as nmoles of 

hydrolyzed substrate x min-1 x µl-1 of whole blood. 

 

2.4. Carboxylesterase assay  

 

The enzymatic activity toward α–naphthyl acetate or α-naphthyl butyrate arbitrarily 

assigned as CE-1 and CE-2, respectively, was determined, essentially as described 

previously [29] in 20,000 x g homogenate supernatant. All enzymatic determinations 

were conducted in triplicate and expressed as means ± SD. Proper linear conditions for 
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enzymatic activity were previously adjusted for each enzyme determination. The 

activity was normalized according to the sample protein content [30].  

 

2.4. Mitochondrial and nuclear fraction isolation  

Isolation of both organelles was essentially performed according to the procedures 

described by Corso and Thomson [31]. All the steps were carried out with cold 

solutions and centrifugation was performed at 4ºC.  The nuclear fraction, the   heavy 

mitochondrial (HM) fraction, corresponding to the cytotrophoblast  and  the light 

mitochondrial (LM) fraction, corresponding to the syncytiotrophoblast, were obtained.  

 

2.5. Lipid extraction and analysis 

The lipid extraction of each fraction obtained was conducted using the method by Bligh 

and Dyer [32]. Aliquots were used for the determination of phospholipid phosphorus  

[33] and total cholesterol, using a commercial kit (Colestat Enzyme Kit, Wiener 

Laboratory, Rosario, Argentina). Individual phospholipids were separated by two-

dimensional thin layer chromatography (TLC). Spots were visualized using iodine 

vapor, scraped off and used for individual phospholipid quantification [33]. The results 

were corrected by the percentage of each plate recovery. Results were adjusted 

according to the protein content [30] of each subcellular fraction.  

 

2.6. Morphometric parameters 

The placenta was weighed immediately after childbirth. Information about the status of 

the newborn at birth (weight, length, head circumference, gender and gestational age) 

was collected from medical records. Weight, length and head circumference were 
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adjusted according to gestational age and gender using the standardized Z-scores table 

of the Argentine Society of Pediatrics [34].    

 

2.7. Statistical Analysis 

Categorical variables were compared using the Pearson’s chi-squared test (χ2). 

Statistical significance between means was determined by the t-test. The associations 

between analytical parameters, as well as between placental weight and analytical 

parameters, were estimated by calculating the Pearson’s correlation coefficient. All 

statistical analyses were performed using R software version 2.6.0. Statistical 

significance was assumed as p < 0.05.  

 

3. Results  

 

3.1. Demographic characteristics 

The demographic characteristics of the groups under study are presented in Table 1. The 

women who participated in this study were a relative homogenous group, since, they 

were similar in terms of demographical characteristics and habits.  

 

3.2. Morphometric characteristics of the newborns and placentas 

 

Table 2 shows the morphometric characteristics of the newborns and placentas 

collected. No significant differences were observed between RP and PP. 
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3.3 Enzymes activity 

Comparing the average blood cholinesterase activity of RP vs. PP, PCh decreased 

significantly (20%, p < 0.01), suggesting maternal anticholinesterase pesticide exposure 

in PP (Table 3).  

Figure 1 shows the average CEs activity of placental villi. CE-1 activity decreased 

significantly 40% (p < 0.01) in PP while there were no changes in CE-2 activity. 

Neither PCh nor placental CE-1 activity were statistically associated with maternal 

lifestyle habits.  

 

3.4 Lipid composition 

 

Studies of lipid composition (Table 4), expressed as total cholesterol and total 

phospholipid phosphorus content, revealed that LM and HM composition showed no 

changes associated to the pesticide pulverization period. However, the nuclear 

cholesterol content and cholesterol/phospholipid ratio significantly increased in PP 

(61% and 82%, respectively). In addition, the correlation analysis revealed a statistically 

significant relationship between nuclear cholesterol content and placental weight 

(β=10.10, p=0.03, adj r2 = 0.33).  

Regarding mitochondrial phospholipid composition, comparing PP vs. RP, an increase 

in cardiolipin content (8%, p < 0.05) and a decrease in phosphatidylethanolamine (16%, 

, p < 0.05) was observed in LM (Table 5) as well as in the percentage distribution 

(Figure 2B). No changes were observed in HM (Table 5 and Figure 2A). Sphingomyelin 

content (Table 5) and percentage distribution (Figure 2C) significantly increased in the 

nuclear fraction (34 % ,  p < 0.05);  29%, p < 0.05 respectively) in PP. Statistical 
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analysis showed no association between CE-1 activity and the lipid content of the 

organelles studied.  

 

4. Discussion 

 

RBC-AChE and  PCh activity are usually used as sensitive biomarkers to evaluate 

exposure to OPs and carbamate pesticides [35,36]. In this study we determined the 

activity of both cholinesterases in the blood of pregnant women living in an area of 

intensive pesticide use in two periods: PP and RP. The mean values for the activity of 

both cholinesterases for samples collected in RP were similar to those reported by 

Peyster et al. [37], who studied blood cholinesterases during pregnancy in a Hispanic 

population. As seen in our previous study in pregnant women living in this area [14], 

during PP, the average PCh activity decreased significantly (Table 3) with respect to the 

samples collected during RP. These results corroborate that this enzyme may be a more 

sensitive indicator of exposure than RBC-AChE [38,39]. The degree of decrease (20%) 

observed in our study is of great concern as it is not so different than the decrease 

reported by Remor et al. and Bhalli et al. [40,41]  in exposed workers relative to control 

groups (24% and 30%, respectively). 

CEs are widely used to evaluate tissue exposure to OPs and carbamate pesticides. It has 

been reported that there is a differential tissue distribution and microlocalization of CEs 

family members in mammals [19]. In fact, the placenta expresses three isoforms of CEs 

[42]. As placental CEs activity has been found in microsomal and cytosolic fractions 

[42,23], we determined the hydrolytic activity in 20,000 x g supernatant of homogenate 

microvilli. The activity range determined in RP (74 - 178 nmol/mg prot x min), using α-

naphthyl acetate as substrate, was similar to the range reported by Yang et al. (1996) 
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[42].  for human placenta using the same substrate (85- 170 nmol/mg prot x min). 

Regarding the sampling period, differential effects were observed for CEs activity 

(Table 3). In accordance with previous reports showing that mammalian CEs occur with 

different inhibition sensitivities [43], CE-1 but not CE-2 was inhibited during PP. The 

inhibition of CEs can be important in cumulative toxicity with exposure to multiple 

anticholinesterase pesticides, as is the case of the study population. They are assumed to 

provide protection against OP and carbamate pesticide poisoning through the hydrolysis 

of ester bonds and also by stoichiometric binding for active pesticides, which reduces 

the amount of OPs/carbamates available for AChE inhibition. However, the esterase 

detoxification system also protects the fetus from drugs prescribed to pregnant women 

and detoxifies narcotics, such as heroin and cocaine [44]. In addition, CEs are involved 

in pyrethroid detoxification [45,46]. Therefore, the inhibition of CEs during pregnancy 

would have toxicological consequences in fetal development. 

The uptake, biosynthesis and metabolism of cholesterol and other lipids are exquisitely 

regulated by feedback and feed-forward pathways in humans [47]. In fact, phospholipid 

percentual distribution of rat liver mitochondria was not sensitive to diets enriched in 

carbohydrates [48] or unsaturated fatty acids [49]. Also, the cholesterol/phospholipid 

ratio of liver mitochondria was unchanged in rats feeding on diets containing trans fatty 

acid. However, in our study, environmental exposure to pesticides modified the lipid 

content (Table 4), the phospholipid content (Table 5) and the percentage phospholipid 

composition of the nuclear fraction (Figure 2C) as well as the phospholipid content 

(Table 5) and the percentage phospholipid composition of the LM  fractions (Figure 

2B).  In line with these findings, another environmental contaminant, the peroxisome 

proliferator, di-(2-ethylhexyl)-phthalate, and its metabolites, changed the lipid 

metabolome in a rat HRP-1 trophoblast model[50].   
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Mitochondria is a target organelle of pesticide toxicity, as was demonstrated by 

Binukumar et al. [51]. These authors observed alterations in the mitochondrial electron 

transfer enzyme activities and an increase in reactive oxygen species  (ROS)  levels in 

liver chronically exposed to dichlorvos (OP). Astiz et al. [52]  showed a loss of 

cardiolipin and glutathione content and increased lipid peroxidation in the mitochondria 

of substantia nigra associated to the activation of apoptosis in rats treated with low 

doses of OPs. Owing to its high unsaturated fatty acids content and its location near the 

site of ROS production, cardiolipin is found almost exclusively in the inner 

mitochondrial membrane and is particularly prone to peroxidative attack by ROS [53].  

Cardiolipin oxidation is a critical step in apoptosis. During apoptosis, cardiolipin may 

form stable complexes with specific mitochondrial glycoproteins which are translocated 

to the plasma membrane [54]. However, our results do not concur with the above 

findings.  Unexpectedly, the cardiolipin content increased while the 

phosphatidylethanolamine content decreased LM in samples collected in PP with 

respect to samples collected in RP Although further study is required to understand the 

mechanisms involved in the changes observed in mitochondrial composition, it may be 

assumed that changes in the LM lipid profile may affect LM function. In fact, we 

recently studied the progesterone content in placentas collected in the same area under 

study and found significantly lower progesterone levels in PP than in RP (data not 

shown). Interestingly, progesterone synthesis occurs in the inner mitochondrial 

membrane of the syncytiotrophoblast [55].  

Lipids in toto comprise approximately 5% by weight of the nucleus, resulting in high-

buoyant density that facilitates isolation of these organelles in high purity. Lipids of the 

membrane as well as those of the endonuclear loci are now recognized as the source of 

numerous signaling reactions [56]. Therefore, the study of nuclear lipid composition is a 
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topic of interest. In our study, total cholesterol increased and the 

cholesterol/phospholipid ratio significantly increased in PP. In addition, the nuclear 

cholesterol content was positively associated to placental weight. Also, the 

sphingomyelin content decreased in PP. These changes in lipid content resemble the 

results of Cascianelli et al. [57], who showed an increased sphingomyelin and 

cholesterol content in nuclear microdomains of regenerated hepatocytes. Interestingly, 

increased hepatic cardiolipin synthesis, which is presumed to be under the control of 

transcription factors that regulate mitochondrial biogenesis [58], as well as the pool size 

of cardiolipin, increased during liver regeneration [59].  Although this study cannot 

explore the precise mechanisms of the effects observed, our results suggest that the 

changes in lipid content in the LM and nuclear fractions may be associated with an 

increase in the trophoblast proliferation rate. In support of this, it has been reported that 

the OP malathion was mitogenic at lower levels of exposure in human liver carcinoma 

cells [60]. It is accepted that moderate levels of ROS may function as signals to promote 

cell proliferation and survival [61].  

Therefore, we hypothesize that pesticide environmental exposure during pregnancy 

modifies placental ROS levels affecting the redox-sensitive signals involved in cell 

proliferation. However, considering that cardiolipin and oxidized cardiolipin species co-

migrate in the TLC used to separate phospholipids [62], oxidative injury of the LM 

organelle characteristic of the syncytiotrophoblast cannot be discarded. As the transfer 

of pesticides from maternal circulation ocurrs across the endothelial-syncytial 

membrane of the placenta it may contribute to the injury of the syncytiotrophoblast, 

which would lead to repair by hyperplasia of the cytotrophoblast.  
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In summary, our study makes the novel observation that placental CE activity is 

sensitive to OP exposure during pregnancy. As mixing OPs and pyrethriod pesticides 

becomes a more common practice in the insecticide markets in developing countries 

[63], maternal exposure to pesticide mixtures may have important implications in fetal 

health. In addition, this information has an important clinical implication in the 

administration of medications designed to treat the mother but which are also able to 

cross the placenta and thus entail potential risks to damage the developing fetus.  

The data also suggest that changes in lipid profiles may be associated with an increase 

in the trophoblast proliferation rate. Further research is needed to corroborate this 

hypothesis and to assess their impact in the physiology of the placenta.  

 

Conflict of interest 

None 

 

Acknowledgements 

Funding was provided by the National University of Comahue and the Argentine 

Ministry of Health through the Ramón Carrillo-Arturo Oñativia Program. We would 

like to thank the local health personnel of the Cinco Saltos Public Hospital for their 

collaboration in the collection of the samples. We also would like to thank all the study 

participants.  

 

References 



 15 

[1] Peiris-John R, Wickremasinghe R. Impact of low-level exposure to 

organophosphates on human reproduction and survival. Transactions of the Royal 

Society of Tropical Medicine and Hygiene. 2008;102:239-245. 

[2] Eskenazi B, Huen K,  Marks A, Harley KG,  Bradman A, Boyd Barr D, Holland N. 

PON1 and Neurodevelopment in Children from the CHAMACOS Study Exposed to 

Organophosphate Pesticides in Utero Environ Health Perspect. 2010; 118(12):1775–

1781.  

[3] Castorina R, Bradman A, Fenster L, Boyd Barr D, Bravo R, Vedar MG, Harnly MA, 

McKone TE, Eisen EA, Eskenazi B. Comparison of Current-Use Pesticide and Other 

Toxicant Urinary Metabolite Levels among Pregnant Women in the CHAMACOS 

Cohort and NHANES Environ Health Perspect. 2010; 118(6):856–863.  

[4] Pathak R, Mustafa TA, Ahned R, Tripathi, AK, Guleria K, Banerjee BD. Intra 

uterine retardation: Association with organochlorine pesticide residue levels and 

oxidative stress markers. Reproductive Toxicology. 2011; 31:534-539 

[5] Carbone P,  Giordano F,  Nori F,  Mantovani A,  Taruscio D,  Lauria L, Figà-

Talamanca I. Cryptorchidism and hypospadias in the Sicilian district of Ragusa and the 

use of pesticides. Reproductive Toxicology. 2006: 22:8-12.  

[6] Weselak M, Arbuckle TE,  Wigle DT,  Walker MC,  Krewski D. Pre- and post-

conception pesticide exposure and the risk of birth defects in an Ontario farm 

population.Reproductive Toxicology.2008; 25 (4):472-480. 

[7] Casida JE, Quistad GB. Organophosphate Toxicology: Safety aspects of 

nonacetylcholinesterase secondary targets. Chem. Res. Toxicol. 2004; 17 (8): 983-992. 

[8] Sengupta D, Wasim Aktar Md,  Alam S, Chowdhury A. Impact assessment and 

decontamination of pesticides from meat under different culinary processes Earth and 



 16 

Environmental Science Environmental Monitoring and Assessment. 2010; 169 (1-4): 

37-43. 

[9] Abu-Qare AW, Abou-Donia, MB. Inhibition and recovery of maternal and foetal 

cholinesterase enzyme activity following a single cutaneous dose of methyl parathion 

and diazinon alone and in combination, in pregnant rats. J Appl Toxicol. 2001; 21(4): 

307-316. 

[10] Abdel-Rahman AA, Blumenthal Gregory M, Abou-Donia Sherif A , Abdel-Monem 

Fouad A, Abou-Donia Mohamed B. Pharmacokinetic profile and placental transfer of a 

single intravenous injection of [14C]chlorpyrifos in pregnant rats. Archives of 

Toxicology 2002; 76(8): 452-459. 

[11] Gupta M,  Mestan KK,  Martin CR,   Pearson C,  Ortiz K, Fu L, Stubblefield P, 

Cerda S,. Kasznica JM and  Wang X. Impact of clinical and histologic correlates of 

maternal and fetal inflammatory response on gestational age in preterm births. Journal 

of Maternal-Fetal and Neonatal Medicine 2007; 20 (1): 39-46.   

[12] Levario Carrillo M, Feria Velasco A, De Celis L, Ramos Martínez E,  Córdova 

Fierro L, Solís F. Parathion, a cholinesterase-inhibiting plaguicide induced changes in 

tertiary villi of placenta of women exposed: a scanning electron microscopy study. 

Gynecol Obstet Invest 2001; 52: 269-275. 

[13] Acosta-Maldonado B, Sanchez-Ramirez B, Reza-Lopez, S, Levario-Cariilo, 

M..Effects of exposure to pesticides during pregnancy on placental maturity and weight 

of newborns: A cross-sectional pilot study in women from the Chihuahua State, Mexico 

2009, Hum Exp Toxicol  2009; 28( 8): 451-459. 

[14] Souza M. S., Magnarelli G., Pechén de D`Angelo AM. Prenatal Exposure to 

Pesticides: Analysis of Human Placental Acetylcolineterase, Glutathione-S-transferase 

and Catalase as biomarkers of effect. Biomarkers. 2005;10(5):376-89 



 17 

[15] Coleman R. Haynes E. Microsomal and lysosomal enzymes of triacylglycerol 

metabolism in rat placenta  Biochem. Journal 1984; 217: 391-397. 

[16] Herrera, E. Implications of Dietary Fatty Acids During Pregnancy on Placental, 

Fetal and Postnatal Development. Placenta 2002; 23 (A): S9-S19.  

[17] Abdollahi M, Ranjbar A, Shadnia, S, Nikfar,S,. Razale A. Pesticides and oxidative 

stress: a review. Med Sci Monit 2004; 10(6):141-147. 

[18] Fortunato J, Agostinho F, EçReus G, Petronilho F, Dal-Pizzol F, Quevedo J.vLipid 

peroxidative Damage on Malathion Exposure in Rats. Neurotoxicity Research 2006; 

9(1): 23-28. 

[19] Holmes R, Cox L, VandeBerg, J. A new class of mammalian carboxylesterases 

CE6. Comparative Biochemistry and Physiology Part D: Genomics and 

Proteomics.2009; 4(3):209-217.  

[20] Wallace T, Ghosh S, Grogan McL. Molecular Cloning and Expression of Rat Lung 

Carboxylesterase and Its Potential Role in the Detoxification of organophosphorus 

Compounds. Am.J.Respir.Cell Mol.Biol.1999; 20(6):1201-1208.  

[21] Wheelock C, Shan G, Ottea, J. Overview of Carboxylesterases and Their Role in 

the Metabolism of Insecticides. J. Pestic Sci, 2005; 30(2) 75-83. 

[22] Fernandez-Cabezudo MJ, Azimullah S, Nurulain SM, Mechkarska M, Lorke DE, 

Hasan MY, Petroianu GA, Al-Ramadi B.The organophosphate paraoxon has no 

demonstrable effect on the murine immune system following subchronic low dose 

exposure. Int J Immunopathol Pharmacol. 2008;21(4):891-901. 

[23] Jewel C, Bennett  P,  Mutch E,  Ackermann C,   Williams F. Inter-individual 

variability in esterases in human liver Biochemical Pharmacology. 2007; 74(6):932-939.  



 18 

[24] 

.  Glutathione S-Transferases and Esterases in Placenta after 

Normal and Pre-eclampticPregnancies. Placenta.2004; 25 (4): 331-336.  

[25] Gohil VM, Greenberg ML. Mitochondrial membrane biogenesis: phospholipids 

and proteins go hand in hand. The Journal of Cell Biology .2009; 184(4): 469-472. 

[26] Alessenko A, Bugrkova A, Dudnik L. Connection of lipid peroxide oxidation with 

the sphingomyelin pathway in the development of Alzheimer’s disease. Biochemical 

Society Transactions. 2004: 32, part 1. 

[27] Pidoux G, Gerbaud P,  Laurendeau  I,  Guibourdenche J, Bertin G, Vidaum M, 

Evain-Brion, D, Frendo, J. Large variability of trophoblast gene expression within and 

between human normal term placentae. Placenta. 2004; 15(5):469-476. 

[28] Voss G, Sachsse K. Red Cell and Plasma Cholinesterase Activities in 

Microsamples of Human and Animal Blood Determined Simultaneously by a Modified 

Acetylthiocholine/DTNB Procedure. Toxicology and Applied Pharmacology.1970;16: 

764-772.  

[29] Morgan E, Yan B, Greenway D, Petersen D, Parkinson A. Purification and 

Characterization of Two Rat-Liver Microsomal Carboxylesterases (Hydrolase A and B). 

Archives of Biochemistry and Biophysics. 1994;315: 495-512. 

[30] Lowry OH, Rosenbrogh NJ, Farr AL, Randall RJ. Protein measuremente with the 

Folin phenol reagent. J.Biol.Chem. 1951; 193:265-275. 

[31] Corso M, Thomson, M. Protein Phosphorylation in Mitochondria from Human 

Placenta. Placenta 2001; (22):432-9. 

[32] Bligh EG, Dyer W. A rapid method of total lipid extraction and purification. 

Can.J.Biochem.Physiol 1959; (37):911-917. 



 19 

[33] Rouser G, Fleiser S, Yamamoto A. Two dimensional thin layer separation of polar 

lipids and determination phospholipids by phosphorus analysis of spots. Lipids. 1970 ; 

5:494-496. 

[34] Lejarraga H, Fustiñana C. Estándares de peso, longitud corporal y perímetro 

cefálico desde las 26 hasta las 92 semanas de edad postmenstrual. Arch. Arg. Pediatr. 

1986; 84: 210-214. 

[35] Jokanovic M. Medical treatment of acute poisoning with organophosphorus and 

carbamate pesticides  Review. Toxicology Letters. 2009; 190 (2):107-115. 

[36] Quandt AS, Chen H, Grzywacz JG, Vallejos QM, Galvan L, Arcury TA. 

Cholinesterase Depression and Its Association with Pesticide Exposure across the 

Agricultural Season among Latino Farmworkers in North Carolina. Environ Health 

Perspect. 2010; 118(5):635-639. 

[37] Peyster A, Willis W, Liebhaber M. Cholinesterase Activity in Pregnant Women 

and Newborns. Clinical Toxicology. 1994; 32 (6 ): 683-696  

[38] Walker B, Nidiry J. Current concepts: organophosphate toxicity. Inhalation 

Toxicology. 2002; 14 (9): 975-990. 

[39] Dyer SM, Cattani M, Pisaniello DL, Williams FM, Edwards JW.  Peripheral 

cholinesterase inhibition by occupational chlorpyrifos exposure in Australian 

termiticide applicators. Toxicology. 2001; 169 (3): 177-185. 

[40] Remor AP, Totti CC,  Moreira DA,  Dutra GP, Heuser VD, Boeira JM. 

Occupational exposure of farm workers to pesticides: Biochemical parameters and 

evaluation of genotoxicity. Environment International. 2009; 35 (2): 273-278. 

[41] Bhalli J, Khan QM, Haq MA, Khalid AM, Nasim A. Cytogenetic analysis of 

Pakistani individuals occupationally exposed to pesticide production industry. 

Mutagenesis.2006; 21(2):143-148. 



 20 

[42] Yan B, Matoney L, Yang D. Human Carboxylesterases in Term Placentae: 

Enzymatic Characterization, Molecular Cloning and Evidence for the Existence of 

Multiple Forms. Placenta. 1999; 20: 599-607 

[43] Lassiter T, Barone S, Moser C, Padilla S. Gestational Exposure to Chlorpyrifos: 

Dose Response Profiles for Cholinesterase and Carboxylesterase Activity. 

Toxicological Science. 1999; 52: 92-100. 

[44] Redinbo M, Bencharit S, Potter P. Human carboxylesterase 1: from drug 

metabolism to drug discovery. Biochemical Society Transactions. 2003; 31, part 3  

[45] Anand S, Kim K, Padilla S, Muralidhara S, Fisher J, Bruckner J. ontogeny of 

hepatic and plasma metabolism of deltamethrin in vitro:role in age-dependent acute 

neurotoxicity. Drug Metabolism and Disposition. 2006; 34 (3). 

 [46] Nishi K, Huang H,  Kamita S, Hae Kim,  Morisseau C, Hammock B. 

Characterization of pyrethroid hydrolysis by the human liver carboxylesterases hCE-1 

and hCE-2. Arch Biochem Biophys. 2006; 445(1): 115–123. 

[47] Raghow R, Yellaturu C, Deng X, Park EA, Elam MB. Review SREBPs: the 

crossroads of physiological and pathological lipid homeostasis. Trends in 

Endocrinology & Metabolism.2008; 19 (2): 65-73. 

[48] Wander R, Berdanier C. Effects of Dietary Carbohidrate on Mitochondrial 

Composition and Function in Two Strains of Rats. J. Nutrition. 1985; 115:190-199 

[49] Jakobsson-Borin A, Tollom O, Dallne, G. Effect of dietary fat on rat liver 

microsomal and mitochondrial/lysosomal dolichol, phospolipid and cholesterol. Lipids. 

1991; 11:915-21 

[50] Xu Y, Knipp GT, Cook TJ, Knipp G, Cook T. Effects of di-(2-ethylhexyl)-

phthalate and its metabolites on the lipid profiling in rat HRP-1 trophoblast cells. Y 

Arch Toxicol. 2006; 80(5):293-8. 



 21 

[51] Binukumar BK, Amanjit B, Ramesh K, Aditya S, Kiran D. Mitochondrial energy 

metabolism impairment and liver dysfunction following chronic exposure to dichlorvos. 

Toxicology. 2010; 270: 77-84. 

[52] Astiz M, de Alaniz M, Marra C. Effect of pesticides on cell survival in liver and 

brain tissues. Ecotoxicology and Environmental Safety.2009; 72:2025-2032. 

[53] Paradies G, Petrosillo G, Paradies V, Ruggiero F. Review Mitochondrial 

dysfunction in brain aging: Role of oxidative stress and cardiolipin. Neurochemistry 

International.2011; 58: 447–457. 

[54] Sorice M, Manganelli V, Matarrese P, Tinari A, Misasi R, Malorni W, Garofalo T. 

Cardiolipin-enriched raft-like microdomains are essential activating platforms for 

apoptotic signals on mitochondria. Febs Letters. 2009; 583 (15): 2447-2450. 

[55] Tuckey R. Progesterone Synthesis by the Human Placenta. Placenta. 2005; 26: 

273-281.    

[56] Ledeen, R. and Wu G.  Nuclear lipids: key signaling in the nervous syatem and 

other tissues. Journal of Lipid Research. 2004; 46 

[57] Cascianelli G, Villani M, Tosti M, Marini F, Bartoccini E, Viola Magni M, Albi E. 

Lipid Microdomains in Cell Nucleus. Molecular Biology of the Cell. 2008; 19: 5289-

5295. 

[58] Schlame, M.  Cardiolipin synthesis for the assembly of bacterial and mitochondrial 

membranes. Journal of Lipid Research.  2008; 49:1607-1620. 

[59] Webster J, Jiang J, Lu B, Xu FY, Taylor WA, Mymin M, Zhang M, Minuk GY, 

Hatch GM. On the mechanism of the increase in cardiolipin biosynthesis and 

resynthesis in hepatocytes during rat liver regeneration. Biochem J. 2005; 386(Pt 1): 

137–143.  



 22 

[60] Moore PD, Yedjou CG, Tchounwou Pb. Malathion-induced oxidative stress, 

cytotoxicity, and genotoxicity in human liver carcinoma (HepG2) cells. Environmental 

Toxicology. 2010; 25 (3): 221-226. 

[61] Trachootham D, Alexandre J, Huang P. Targeting cancer cells by ROS-mediated 

mechanisms: a radical therapeutic approach?. Nature Reviews Drug Discovery .2009; 8: 

579-591.  

[62] Alessandri C, Soride M, Bombardiere M, Conigliaro P, Longo A, Garofalo T, 

Manfanelli V, Conti F, Esposti D, Valesini G. Antiphospholipid reactivity against 

cardioliin metaolites occurring during endotelial cell apoptosis. Arthritis Research & 

Therapy. 2008; 10: 1981-2091. 

[63] Elhalwagy MEA, Zaki NI. Comparative study on pesticide mixture of 

organophosphorus and pyrethroid in commercial formulation. Environmental 

Toxicology and Pharmacology. 2009;28 (2):219-224. 

 

 

 

 

 



1 
 

Table 1 
 Mean demographic characteristic of the studied groups. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
a The results were expressed as mean ± SD.  Student t-test: NS. 
b The results are expressed as average. Test chi-square: NS. 
c On the basis of BMI . 
 
  
 
Table 2 
 Morphometrical information of the neonates and the placentas. 
 
 RP(n=18) 

 
PP(n=22) 

Newborns’ weight (kg)a 3.35 ± 0.44  3.299 ± 0.32  

Newborns’ height (cm) a 47.09 ±  2.41  47.09 ± 5.11  

Head circumference  (cm) a 34.47 ± 1.25  34.47 ± 0.83  

Placental weight (g) 629.04 ± 18.14  621.93 ± 17.76  

Placental index b 
 

0.17 ± 0.03 0.18 ± 0.04 

 
The results were expressed as mean ± SD. Student t-test: NS. 
a Data corrected by gestational age and sex.  
b Placenta weight (kg) / newborns’ weight (kg). 

 
 

 
 

 
Characteristic 
 

  
RP(n=18) 

 
PP(n=22) 

Age a  22.7 ± 4.8 23.5 ± 5.2 
Level of instruction b primary 6.5  18  
 secondary 75   73  
 tertiary 17  9  
Parity a  1.1 ± 1,3 1.2 ± 1.6 
Nutritional condition b,c normal 100 98  
Smoking status b smoker 5  6.2 
 Passive 

smoker 
11 12 

Occasional alcohol consumption b  1.2  0  
Ground water consumption b  7.6  8.1 
Self-reported indoor pesticide 
use b 

 6.5  5  

Tables
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Table 3 
Plasma and red blood cell cholinesterase activities in pregnant women  in relation to 
pesticide spraying. 
 

 Plasma cholinesterase   
 

Red blood cell cholinesterase 
 
 

PR (n=18) 3.59 ± 1.00 1.00 ± 0.22
 

PP (n=22)       2.87 ± 0.79 ** 0.94 ± 0.29
 
 
The results were expressed as mean ± SD . Red cell cholinesterase activity was nornalized by 
red blood cell count and expressed as nmoles hydrolyzed substrate min -1 x millions red blood 
cells. Plasma cholinesterase activity was expressed as nmoles hydrolyzed substrate x min -1 µ -1 
whole blood . Student t-test: ** p < 0.01. 
 
  
Table 4 
Lipid content of placental heavy mitochondria, light mitochondria and nucleus in  
relation to pesticide spraying.  
 
 
  RP (n=9) PP (n=10) 

 
heavy mitochondria  µg Pi/mg proteín  

 
14.85 ± 10.41 14.46 ± 5.65 

µg Chol/mg proteín  26.12 ± 10.29 35.61 ± 15.54 
 

Chol/PL 0.18 ± 0.09 0.22 ± 0.08 
 

light mitochondria 
 

µg Pi/mg proteín  
 

19.55 ± 12.15 21.77 ± 11.07 
 

 µg Chol/mg proteín  
 

38.32 ± 19.58 32.63 ± 24.06 

 Chol/PL 0.21± 0.02 0.22 ± 0.02 
 

nucleus µg Pi/mg protein 
 

4.62 ± 2.51 5.78 ± 1.87 

 µg Col/mg protein 7.54 ± 2.46 12.12 ± 4.5* 
 

 Chol/PL 0.11 ± 0.07 0.20 ± 0.11* 
 
 
The results were expressed as mean ± SD.  Pi : phospholipid phosphorus,  Chol: total 
cholesterol, Chol/PL: molar ratio cholesterol/phospholipids. Student t-test: * p < 0.05. 
 
 
 
 
 
 



3 
 

 
 
 
 

 
Table 5  
Selected phospholipid content of placental heavy mitochondria, light mitochondria and 
nucleus in  relation to pesticide spraying. 
 
 
  RP (n=9) PP (n=10) 
light mitochondria PC 0.506 ± 0.34 0.314 ± 0.39 

 
PE 0.37 ± 0.29 0.31 ± 0.44* 

 
CL 0.048 ± 0.044 0.052 ± 0.041* 

 
nucleus PC 5.17 ± 0.93 3.99± 0.55 

 
PE 4.04± 1.01 2.95± 0.87 

 
SM 0.50 ± 0.18 0.67 ± 0.25 * 

 
 

The results are expressed as µg Pi/mg protein (mean ± SD). Pi : phospholipid 
phosphorus, PC: phosphatidylcholine.  PE: phosphatidylethanolamine,  SM:  
sphingomyelin, CL: cardiolipin + oxidized cardiolipin.Student t-test: * p < 0.05. 
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