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INTRODUCTION 

Congenital anomalies, also commonly referred to as birth 
defects, are conditions of prenatal origin that are present 
at birth, potentially impacting an infant's health, 
development, and/or survival. On a global scale, an 
estimated 303 000 new-borns die annually before 
reaching 4 weeks of age due to congenital anomalies and 
associated complications with neural tube defects being 
one of the most serious and most common of these 
anomalies.1 The prevalence of birth defects in India is 6-
7% which translates to around 1.7 million birth defects 
annually. The common birth defects include congenital 

heart disease (8-10 per 1000 live births), congenital 
deafness (5.6-10 per 1000 live births), and neural tube 
defects (4-11.4 per 1000 live births).2 

The causes of congenital anomalies are multifarious, with 
many anomalies remaining of undetermined etiology. 
Structural anomalies are often due to errors in 
embryogenesis occurring at critical periods of fetal 
development. The first trimester (gestational age 1-12 
weeks) is generally considered as the highest risk period. 
Medications, infectious agents, and environmental toxins 
have all been implicated as functional teratogens and can 
also disrupt fetal development and increase the risk for 
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one or more congenital abnormalities.3 Some structural 
and functional defects may also be attributed to 
underlying genetic defects or chromosomal 
abnormalities. These defects may be due to one or both 
parents being genetic carriers, one or both parents sharing 
the disease state, or the occurrence of de novo mutations.4  

Ill-health effects of environmental pollutants include 
adverse outcomes of pregnancy: low birth weight, 
stillbirth, neonatal death, and congenital anomalies. 
Organophosphate (OP) or carbamate esters are used as 
pesticides, insecticides, chemical warfare agents, and 
drugs for the treatment of medical disorders such as 
glaucoma, parasite infections, and Alzheimer’s disease 
and are potent anticholinesterase. Acetylcholine (ACh) 
and other neurotransmitters play unique trophic roles in 
the development of the CNS. Inhibition of 
acetylcholinesterase (AChE) by organophosphates (OPs) 
can result in the accumulation of acetylcholine, which 
may then conceivably disturb this development. Maternal 
serum acetylcholinesterase levels have been reported to 
be low and independent of gestational age between 14- 
20 weeks in a sample of normal pregnancies with normal 
alpha-fetoprotein levels. Raised levels of maternal serum 
secretory acetylcholinesterase were found in 100% of 
pregnancies involving spina bifida and three of four 
anencephalic compared with raised alpha-fetoprotein 
levels found in 88% and 100% of the same samples.5,6  

The paraoxonases comprise three isoforms (PON1, 
PON2, and PON3) that attenuate oxidant stress; among 
these, only paraoxonase 1 (PON1) hydrolyzes 
organophosphates. Paraoxonase 1 (PON1) is also a major 
anti-atherosclerotic component of high-density 
lipoprotein (HDL). Paraoxonase 1 (PON1) is the enzyme 
responsible for the deactivation of organophosphates 
(OPs) in the central nervous system. Pathological 
conditions such as diabetes, Alzheimer’s disease, and 
cardiovascular disease have also been linked to reduced 
paraoxonase 1 (PON1) activity. Paraoxonase 1 (PON1) 
polymorphisms have been reported to be relevant risk 
factors for having offspring affected with spina bifida in 
the population from southeast Mexico.7 Serum 
paraoxonase 1 (PON1) levels and activity vary widely 
among different ethnic populations and its role in 
organophosphate (OP) toxicity and congenital anomalies 
are required to be explored.8 

However, no such studies are available in the Indian 
context, especially in Haryana. Hence the present study is 
proposed to evaluate the association of serum 
cholinesterase levels and paraoxonase 1 with congenital 
anomalies in the Indian population to collect baseline 
data so that preventive and diagnostic measures can be 
planned in environmental health studies for Indian 
children.  

METHODS 

The present study was conducted in the Department of 
Biochemistry in collaboration with the Department of 

Obstetrics & Gynaecology, Pandit Bhagwat Dayal 
Sharma PGIMS, Rohtak. Sixty babies delivered in the 
labor room were selected for the study. They were 
divided into two groups. Thirty newborns with visible 
congenital anomalies were included in Group I. Only 
babies with visible congenital anomalies were taken as 
inclusion criteria for this group. This group was 
compared with Group II, which were taken as controls 
and comprised of 30 healthy newborns without any 
congenital anomalies. 

All the patients were subjected to a detailed history and 
clinical examination as per proforma attached. Ten mL 
cord blood was collected from the placental end of the 
umbilical cord immediately after delivery of the baby. 
The serum was separated by centrifugation and routine 
investigations were done on the same day and serum for 
special investigations was preserved at -20⁰C till analysis. 

Serum cholinesterase levels were measured in Cobas 
c311 using a kit from Roche diagnostics. Paraoxonase 1 
levels in serum were analyzed by using double-antibody 
sandwich enzyme-linked immunosorbent assay kits 
(Elabscience kit).  

Statistical analysis 

Results were analyzed by SPSS version 23 was used for 
statistical analysis and expressed as mean±SD and 
unpaired ‘t’ test and Pearson correlation test was applied. 
Data was considered to be significant if p<0.05. 

RESULTS 

Cleft lip (n=7) was the most common congenital anomaly 
in the present study, while CTEV was the second most 
common (n=6) anomaly. Hypospadias, polydactyly, spina 
bifida showed similar distribution with 3 cases each; limb 
defect (DDH) was seen only in two cases. Omphalocele, 
anencephaly, gastroschisis, encephalocele, cleft palate, 
and imperforate anus were seen in 1 case each.  

Table 1: Comparison of birth weight and                

gestational age. 

Parameter Group I Group II 

Birth weight (kg) 2.44±0.47 2.56±0.42 

Range (1.37-3) (1.6-3.3) 

Gestational age (weeks) 36.10±1.99* 36.27±1.68 

Range (31-39) (33-39) 
*p>0.05 when compared to Group II. 

Birth weight was comparable in both groups, but it was 
not statistically significant, gestational age was lower in 
Group I as compared to Group II, but it was not 
statistically significant (Table 1). 

Serum paraoxonase 1 level was significantly decreased in 
new-borns with congenital anomalies (Group I) as 
compared to new-borns without congenital anomalies 
(p<0.001 (0.000), Table 2). 
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Table 2: Serum paraoxonase 1 levels in both groups 

(mean±SD, ng/mL). 

Parameter Group I Group II 

Serum paraoxanase - 

1 (ng/mL) 
5.068±1.750** 7.531±1.637 

Range 1.966-7.390 3.137-9.742 

**p˂0.001 when compared to Group II. 

Serum cholinesterase levels were significantly decreased 

in new-borns with congenital anomalies (Group I) as 

compared to new-borns without congenital anomalies 

(Group II) ((p<0.001 (0.0002), Table 3). 

Serum cholinesterase levels showed a statistically 

significant positive correlation with serum paraoxonase 1 

level in both the groups (r=0.772 versus 0.967, 

p<0.001(0.000); Table 4). 

Table 3: Serum cholinesterase levels in both groups 

(mean±SD, U/L). 

Parameter Group I Group II 

Serum cholinesterase 

(U/L) 

3575.90±1

200.65*** 

4784.33±12

65.04 

Range 2089-6786 1203-7403 

***p˂0.001 when compared to Group II. 

 

Table 4: Correlation of serum cholinesterase levels and serum paraoxonase 1 levels two groups (mean±SD). 

Parameter Group I r value Group II r value 

Serum cholinesterase (U/L) 3575.90±1200.65 r = 0.772 

p<0.001 (0.000) 

4784.33±1265.04 r = 0.967 

p<0.001 (0.000) Serum paraoxanase (ng/mL) 5.068±1.750 7.531±1.637 

Table 5: District wise distribution of serum fluoride, cholinesterase, paraoxonase 1 levels in Group I (mean±SD, 

mg/L, U/L, ng/mL). 

District (no. of cases)  Serum cholinesterase (U/L) Serum PON1 (ng/L) 

Sonipat (7)  3081.71±795.48 4.475±1.928 

Panipat (6)  2815.33±293.53 4.138±1.690 

Bhawani (5)  3851.40±1896.24 5.350±1.396 

Jind (5)  3696.40±1389.06 4.377±2.253 

Rohtak (3)  4135.33±111.51 6.330±0.070 

Hisar (3)  5369.37±1583.55 6.710±0.755 

Jhajjar (1)  3569.00±0.000 6.195±0.000 

 

Serum cholinesterase levels in Group I was lowest in 

babies from Panipat district followed by Sonepat district. 

Babies from Hisar had the highest serum cholinesterase 

levels in Group I. Serum paraoxonase - 1 level in Group I 

were lowest in babies from Panipat district followed by 

babies from Jind district. Babies from Hisar had the 

highest serum paraoxonase - 1 level in Group I (Table 5). 

DISCUSSION 

Cholinesterase (ChE) is found in the liver, pancreas, 

heart, white matter of the brain, and serum. Plasma ChE 

is produced by the liver in man and animals. Studies have 

shown that decreased cholinesterase levels in cord blood 

can be a marker for congenital anomalies.9,10 Whereas in 

a study by Elejalde et al showed that congenital 

anomalies produced elevated levels of 

pseudocholinesterase (PChE) in amniotic fluid.11  

Few studies have shown that exposure to a higher but 

sub-toxic level of pesticides causes an increase in BuChE 

(butyrylcholinesterase) levels. This paradoxical effect 

was attributed to enhanced BuChE synthesis as a natural 

protective mechanism against sub-toxic pesticide 

exposure.12 In this study, lower birth weight and 

gestational age can be seen in newborns with congenital 

anomalies along with a decrease in serum cholinesterase 

levels (Table 1). A study by Farahat et al reported that 

similar findings in case of organophosphorus exposure.13 

Paraoxonase 1 plays a major role in hydrolyzing 

organophosphate esters, carbamate pesticides, nerve 

agents, oxidized lipids, and pharmaceutical drugs. PON1 

is considered to be an important biomarker of 

susceptibility towards toxic agents especially OP 

pesticides. Long term exposures to pesticides decrease 

PON1 activity and butyrylcholinesterase activity in 

industrial workers. 

In the present study, serum paraoxonase 1 level was 

significantly decreased in newborns with congenital 

anomalies (Group I) as compared to newborns without 

congenital anomalies (Group II, Table 2). 

In the present study, serum cholinesterase levels showed 

a positive correlation with serum paraoxonase-1 levels in 
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both groups, which is statistically significant in both 

groups (Table 4). The mode of action of different 

pesticides is through inhibition of acetylcholinesterase 

activity. In pesticide poisoning, cholinesterase activity is 

inhibited.14 Paraoxonase 1 detoxifies most of the 

organophosphorus compounds. Relationship between 

cholinesterase and paraoxonase 1 and their association 

with organophosphorus induced health outcomes have 

been suggested in some studies.15,16 

In the present study, babies with anencephaly (n=1), 

omphalocele (n=1), encephalocele (n=1) and hypospadias 

(n=3) had significantly lower levels of serum 

paraoxonase 1 compared to other congenital anomalies in 

Group I. Commonest anomalies seen in this study - cleft 

lip, CTEV has no significant difference in PON1 levels in 

comparison to the control group. In a study by Targut et 

al also, no statistical difference in paraoxonase 1 enzyme 

activity between congenital anomalies like cleft lip/cleft 

palate patients and control group was seen. They also 

found that there is no significant difference present in 

paraoxonase 1 enzyme activity in the parents of both 

groups.17 

Several studies have shown that PON1 has a major role in 

the detoxification of OP compounds. Araoud et al 

showed that PON1 activity in workers exposed to 

pesticides was positively correlated with serum BChE 

activity.18 Though this correlation was lower in subjects 

who are acutely exposed than in subjects chronically 

exposed to organophosphates. It has been found that the 

administration of PON1 abolished cholinergic signs and 

significantly protected it from AchE inhibition. However, 

Hernandez et al did not find any correlation between 

AChE and PON1 activities in greenhouse workers 

exposed to pesticides.19 It has been found that susceptible 

individuals who have been exposed to OPs and have 

inheritably low PON1 activity caused increased oxidative 

damage to highly sensitive AChE. This also leads to 

excessive acetylcholine in the dopaminergic system 

causing symptoms of parkinsonism.18 

A positive correlation between PON1 and ChE has been 

reported in the serum of pesticide poisoning individuals 

suggesting that patients with higher PON1 activity may 

detoxify the pesticide poisoning more effectively. Thus, 

PON1 can act as a potent biomarker for diagnosis and 

prognosis of OP poisoning.20 

Serum cholinesterase levels in Group I was lowest in 

babies from Panipat district followed by Sonepat district. 

Babies from Hisar had the highest serum cholinesterase 

levels in Group I (Table 5) in the present study. 

Reports have been published that rivers flowing through 

Haryana are heavily contaminated by domestic and 

industrial wastes along with agricultural runoff and 

excessive amounts of pesticides.21 Contaminated water 

from rivers is one of the important sources of drinking 

water in the population of Haryana. Its contamination 

with pesticides can cause various harmful effects.22 

In the present study, serum paraoxonase 1 level in Group 

I was lowest in babies from Panipat district followed by 

babies from Jind district. Babies from Hisar had the 

highest serum paraoxonase - 1 level in Group I (Table 5). 

It has been documented low ChE levels inhibit PON1 by 

inactivation of the enzyme. Since babies from Panipat 

district have lowest ChE levels, these factors could 

inactivate PON1 resulting in low levels of the enzyme. It 

may be appreciated here that the Panipat district of 

Haryana state has the maximum number of factories and 

industries, as well as agricultural areas. 

Acute toxicological effects of OP pesticides are a result 

of inhibition of AChE in the nervous system and chronic 

effects are not well documented. However, several 

reports indicate that certain birth outcomes (e.g., 

decreased gestational age, decreased birth weight) may be 

associated with environmental exposure to OP pesticides. 

PON1 has an extensive role in preventing the 

accumulation of lipoperoxidase in LDL. Polymorphism 

of PON1 has been reported to be associated with 

miscarriage, Parkinson’s disease, atherosclerosis, 

cardiovascular disease, and neurodevelopment. There is 

an association between genetic polymorphism of PON1 

with DNA damage in occupational workers exposed to 

OPs.23  

Serum PON1 represents one of the first lines of defense 

available for any absorbed organophosphorus 

compounds. Other defenses in blood against OPs include 

anticholinesterases such as serum butyrylcholinesterase 

or erythrocyte cholinesterase that are persistently 

inhibited by organophosphorus compounds and are 

saturable. 

CONCLUSION 

Every life matters! The need to prevent women’s 

reproductive ill health, the need to prevent the death of 

infant, is the need for primary prevention. The 

environment and surroundings play a vital role and have 

a direct effect on public health. An unregulated increase 

in pesticide use and other industrial toxins has 

detrimental effects, especially on pregnant women. 

Inhibition of acetylcholinesterase by organophosphates 

and the associated decrease in serum paraoxonase level 

imposes significant oxidant stress and the resultant risk of 

developing congenital anomalies. 
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