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Background: Chronic exposure of organophosphate pesticides is oxidative stress
that causes liver and aortic damage. Malondialdehyde (MDA) is a biological marker
of oxidative damage to cell lipids membrane. The liver produces insulin growth
factor-1 (IGF-1) which stimulates the enzyme nitric oxide synthase (eNOS) to
produce vascular nitric oxide (NO). Children who are living in those areas may be
exposed to pesticide chronically.

Objective: The study aims is to determine the relationship between serum MDA
and NO level of children living in an area of chronic pesticide exposure.

Methods: Cross-sectional study was conducted to 50 children aged between 8-10
years in agriculture areas of Brebes. Serum MDA and NO level was measured at the
same time using ELISA method, data were shown on a numerical scale. Statistical
analysis by Pearson correlation.

Results: Fifty children met the criteria, consisting of 30 males (60%) and 20 females
(40%). The mean of serum MDA level in males, females, and total subjects were
normal 6.03 (3.86) pg/ mL, 5.18 (2.11) pg/ mL, and 5.69 (2.60) g/ mL, respectively.
The mean of serum NO level in males, females, and total subjects were increased
79.42 (50.78) umol/ L, 68.11 (50.81) umol/ L, and 74.90 (50.58) pmol/ L,
respectively. There was no association between serum MDA and NO level found.
Conclusion: Serum NO level of children living in an area of chronic pesticide
exposure was higher than normal value. However, there was no association between
serum MDA and NO level found.
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including children, in the Brebes Regency are at

1. Introduction highest risk of exposure to pesticides. 4

Pesticides are toxic chemical compounds used
to control agricultural pest organisms.t Pesticides
enter the body as free radicals which cause
oxidative stress and increase cell membrane lipid
peroxidation.2 2 Malondialdehyde, a biological
marker for oxidative stress in the blood, is the
primary outcome of the reaction between free
radicals and cell membrane phospholipids. The
rate of pesticide use in Brebes Regency is one of the
highest in Southeast Asia, using the insecticide
chlorpyrifos organophosphates and fungicides of
the mancozab group.2 Agricultural societies,
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The organs which suffer damage due to
chronic exposure to organophosphates are liver and
aorta. The liver produces insulin growth factor-1
(IGF-1) which is circulating in the serum works to
stimulate the enzyme nitric oxide synthase (eNOS)
to synthesis nitric oxide (NO). NO is an
endothelium-derived relaxing factor (EDRF) that
plays a role in modulating vascular tone by
stimulating vascular dilation, inhibiting platelet
function, preventing platelet aggregation, and
decreasing the proliferation of tunica intima cells,
thus preventing the occurrence of arteriosclerosis.
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A study on children aged 6-12 years in Brazil’s
tobacco farming areas indicates an increase in
oxidative stress markers.2 Arteriosclerosis does not
generally occur in childhood, but research in
Ecuadorian agricultural areas has shown that arterial
between the levels of serum MDA and NO in children
living in areas with chronic exposure to pesticides.

2. Methods

This is an observational analytic study with a
cross-sectional design. It was conducted on 50
children aged 8 — 10 years in shallot farming areas of
Brebes. The inclusion criteria of this study are
children aged 8 — 10 years, living in shallot farming
areas for more than one year, willing and permitted
by their parents to participate in the study. Whereas
for the exclusion criteria, they are
obesity/malnutrition,  children  with  chronic
inflammatory conditions, such as diabetes mellitus,
metabolic syndrome, congenital heart disease,
thalassemia, asthma, history of hypoxic-ischemic
encephalopathy, and children with severe infections
or illnesses. According to sample size calculation,
there were 50 subjects recruited in the study. The
levels of serum MDA and NO were measured with
the ELISA method and the data are displayed on the
numerical scale. Anthropometric measurements were
obtained using the Seca 874 scale and the Seca 213
stadiometer. They were interpreted using the WHO
anthroplus version 3.2.2 software. Statistical analysis
was done with the Pearson correlation using SPSS for
windows 21.0. This study has received ethical
clearance approval from the Medical Research Ethics
Commission of the Faculty of Medicine, Diponegoro

University/ dr. Kariadi Hospital, Semarang No. 26/
EC/ FK-RSDK/ 2017 and each subject have been
given written permission from their parents

3. Results

A correlation study with a cross-sectional design
was carried out in the Brebes Regency in January
2017 on children aged 8-10 years living in chronic
pesticide exposure areas. This study was conducted
on children living in shallot farming areas for at least
one year. Fifty children met the inclusion criteria with
normal subject baseline data distribution. The overall
characteristics of the study subjects are displayed in
Table 1.

Table 1. Baseline characteristics of the subjects

Variable (Snugjggg

Gender, n (%)

Male 30 (60)

Female 20 (40)
Age (years)

Mean (SB) 9.24 (0.69)

Min-max 8-10
HAZ (SD)

Mean (SB) -1.59 (0.92)

Min-max -3.96 — (+0.40)
BMI (SB)

Mean (SB) -0.39 (0.99)

Min-max -2.48 — (+1.99)

The difference in serum MDA based on gender,
HAZ, and BMI were analyzed using independent t-
test. The results of serum MDA levels are shown in
Table 2.

Table 2. Serum MDA levels among the subjects

. MDA (ug/mL)
Variable Mean (SD) Min-max P
Total subjects (n = 50) 5.69 (2.60) 2.15-14.65
Gender 0.26
Male (n = 30) 6.03 (3.86) 2.39-14.64
Female (n = 20) 5.18 (2.11) 2.15-10.21
HAZ 0.12
Short stature (n = 14) 6.62 (3.57) 3.22-14.65
Normal stature (n = 36) 5.33 (2.05) 2.15-11.89
BMI
Malnourished (n = 2) 6.33 (0.73) 5.82-6.85
Well-nourished (n = 48) 5.67 (2.65) 2.15-14.65
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T-test analysis also performed to find the difference of NO level based on gender, HAZ, and BMI. The results

of serum NO levels are shown in Table 3.

Table 3. Serum NO level among the subjects

NO (umol/ L)

Variable Mean (SD) Min — max P
Total subjects (n = 50) 74.90 (50.58) 3.73-196.63
Gender 0.44
Male (n = 30) 79.42 (50.78) 4.16 — 196.63
Female (n = 20) 68.11 (50.81) 7.73 -194.34
HAZ 0.22
Short stature (n = 14) 60.62 (44.92) 4.16 - 188.1
Normal stature (n = 36) 80.45 (52.15) 43.73 - 196.63

BMI
Malnourished (n = 2)
Well-nourished (n = 48)

155.01 (46.86)
71.56 (48.34)

121.87 - 188.14
3.73 -196.63

MDA and NO levels were distributed normally. Therefore, the correlation test was done using Pearson
correlation. The association between serum MDA and NO levels is shown in Table 4.

Table 4. The association between serum MDA level and serum NO level among the subjects

Male Female Total subject (n
Variable (n=30) (n=20) =50)
r p r p r p
MDA and NO -0.26 0.89  -0.006 0.981 -0.001 0.994

4. Discussion

Brebes Regency is the largest shallot farming
centre in Indonesia, with one of the largest pesticide,
primarily chlorpyrifos organophosphate insecticides
and mancozab fungicides, use in Southeast Asia.?*
Children living in farming areas of Brebes are at the
highest risk of exposure to pesticides.! A study by
Arcury et al. has indicated that pesticide exposure can
occur directly when children are playing and helping
around the paddy fields or indirectly from pesticide
residues carried on their parents’ clothing and tools
after returning from farming.!* Chronic pesticide
exposure in areas with high intensity of pesticide use
can lead to oxidative stress.*> 13

This study was conducted on subjects aged 8 -
10 years with a more significant proportion of male
subjects compared to their female counterparts, at 30
(60%) and 20 (40%) respectively. Results of the
anthropometric measurements showed that the
children suffering short stature and underweight
(HAZ was between -3.96 SD and +0.40 SD, and BMI
for age was between -2.48 SD and +1.99 SD. Subjects
aged 8 — 10 years were selected with consideration to
previous studies in Brazil and Ecuador which
reported arterial stiffness due to chronic pesticide
exposure in children aged 6 — 12 years.® ** Previous
studies have been conducted on children in areas of

chronic pesticide exposure. Adgate et al. have
measured metabolite markers for pesticide exposure,
including MDA, from children in areas exposed to
pesticides, but there was no assessment on the effects
of pesticide exposure on organs, such as NO which is
a marker of hepatic and aortic damage.'® A study on
the effect of pesticide exposure was done by Eskenazi
et al. by examining the association between
intrauterine exposure to pesticides, one of which is
measuring MDA levels, on the neural development of
babies.!*

The results of this study indicate that the serum
MDA levels are still within normal limits based on
the reference value of 3.76 — 11.19 pg/mL.'®
Nascimento SN et al. studied 40 children aged 6 — 12
years living in Brazilian tobacco plantation areas. The
tobacco cultivation cycle consists of seeding
preparations (June), planting (August), harvest
(November — December) and storage (January —
May). Pesticides are sprayed in the seeding
preparation and planting stages. MDA was measured
in 2 periods, in June at the beginning of pesticide use
and in December at the end of the harvest. The results
obtained were that MDA levels in the first period
were higher than the second period (9,46 (SB 0.42)
vs 7.72 (SB 0.33) umol/L, p <0.01).% This study
differed from Nascimento et al.’s study where only
one MDA measurement was performed and time of
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sampling was not determined based on the start of
spraying, planting, or harvesting.

This study has shown that the male MDA levels
were higher than the female, however, this is not
statistically significant (6.03 (SB 2.86) vs 5.18 (SB
2.11) pg/ mL, p = 0.26). A study by Arcury et al
found that pesticide metabolite levels, one of which
was MDA, was significantly higher in male children
compared to female children (4.46 (SB 0.31) vs 3.59
(SB 0.27), p = 0.035).1! Other studies by Kilic E et al
and Dragonjic LP et al. showed no difference in
normal MDA levels of male children compared to
female children.’ 18

The mean level of NO in the study subjects was
higher than the normal reference value obtained from
a study by Ghasemi et al. in healthy children, both for
male and female, and for the total, which is 13.6 —
69.2 pmol/L, 11.4 — 66.0 pumol/L and 12.2-69.4
umol/L respectively.?® This study has found that the
level of NO in male children is higher than female
children, however, this is not statistically significant
(79.42 (SB 50.78) vs 68.11 (SB 50.81) umol/L, p =
0.44). Other studies have shown that high levels of
NO are also found in conditions such as HIE,
thalassemia, sickle cell disease and amoebiasis
enteritis.?>2® A cohort study was conducted by
Correia-Costa L et al on 313 obese children. They
found that the level of biological markers for
oxidative stress and NO increased in relation to fat
accumulation, as well as an association between
increased oxidative stress and increased levels of
NO.%* A study by Sweeten et al. have indicated that
the level of NO among children with autism is higher
than the level among healthy children. This is related
to the high level of interferon-y (IFN-y) ,which is one
of the biological signs of inflammation.® The
subjects in this study had good general conditions,
they were not obese, nor did they have any history of
HIE. Hematologic examinations such as
haemoglobin levels, peripheral blood profiles, lipid
profiles and other inflammatory markers were not
performed in this study.

Several studies have also proven the association
between NO levels and nutritional status. Perampalli
et al. studied oxidative stress in children aged 1 — 5
years. The study was conducted by assessing serum
NO and other signs of oxidative stress in 45
malnourished children and 30 healthy children as
controls. NO was higher in the malnourished group.?
A study by Engelen on NO production in children
with cystic fibrosis compared serum NO in 17 healthy
children, nine children with cystic fibrosis without
malnutrition, and seven children with cystic fibrosis
and malnutrition. They concluded that the highest

NO production was found among children with both
cystic fibrosis and malnutrition.?” The results of this
study showed a higher mean level of NO among
children with malnutrition which was 2.17 times
higher than the children without malnutrition (155.01
(SB 46.86) vs 71.56 (SB 48.34) pmol/L). The
subjects of this study were mostly well-nourished,
there were 2 children who suffered undernutrition,
and none suffered malnutrition. Therefore, it could
not be established whether malnutrition was
associated with high levels of NO in this study.
Further research with equal proportions of subjects
still needs to be done to prove an association between
malnutrition and levels of serum NO among children
in areas of chronic pesticide exposure.

Franc PC et al. conducted a cross-sectional study
on 110 children and found that children with
oxidative stress in the form of obesity have higher
concentrations of NO and MDA compared to healthy
controls, however their study did not assess the
association between NO and MDA.?® Noshy MM et
al. compared 51 workers in Egypt who were exposed
to carbamate or organophosphate pesticides for more
than five years from their work with a mean exposure
time of 9.8 (SB 3.5) years to 50 controls who were
exposed not from their work. The results of the study
showed that the MDA outcomes of the working group
were higher than the control group (6.51 (SB 1.95) vs
2.344 (SB 8.823) nmol/mL).1° Unlike the studies
mentioned above, the results of this study did not
indicate any association between the level of serum
MDA and NO in children living in areas of chronic
pesticide exposure (p = 0.994).

A limitation of this study is the small number of
subjects, which is close to the minimal number of
subjects. The cause of increased NO levels in this
study cannot be ascertained. Several other factors
which may affect levels of serum MDA and NO, such
as anemia and inflammation, have not been entirely
excluded.

5. Conclusion

The mean level of serum NO in children living in
areas of chronic pesticide exposure is higher than the
normal values. There is no association between MDA
level and NO level in the blood of children living in
areas of chronic pesticide exposure.
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