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ABSTRACT
Background and Aim: Myanmar is one of the countries in production of agricultural plant 
commodities. Nowadays, pesticides are commonly used to increase agricultural production 
and productivity. Organophosphate pesticides exposure can cause many physiological 
changes within the body including impaired respiratory function. Therefore, the present 
study aimed to find out the relationship between the erythrocyte acetylcholinesterase 
enzyme activity, serum interleukin-6 level and respiratory functions such as forced expiratory 
volume in first second (FEV1), forced vital capacity (FVC), ratio of forced expiratory volume 
in first second and forced vital capacity (FEV1/FVC), peak expiratory flow (PEF) and average 
forced expiratory flow between 25% and 75% of FVC (FEF25-75%) among agricultural 
workers who exposed to organophosphate pesticides and non-exposed control subjects. 
Methods: A community-based cross-sectional, comparative study was done in agricultural 
workers (n = 40) who live in A-lal-chaung village, Magway Township and age/BMI matched 
non-exposed subjects (n = 40) who live in Yan-Way Quarter, Magway Township. All the 
participants were selected according to inclusion and exclusion criteria by simple random 
sampling method. Erythrocyte acetylcholinesterase (AchE) enzyme activity was measured 
by spectrophotometric method and serum interleukin-6 levels were measured by enzyme-
linked immunosorbent assay (ELISA) method. Respiratory function parameters were 
measured by Spirobank II spirometer. Results: The mean erythrocyte acetylcholinesterase 
enzyme activity was significantly lower in exposed group than that of non-exposed group 
(3354.43±589.81 U/L vs 4515.83±759.33 U/L; p<0.001). The percentage of predicted value 
of respiratory function parameters of exposed group were significantly lower than that of 
non-exposed group (FEV1: 72.13±4.40 vs 75.95±4.05; FVC: 66.90±4.40 vs 70.60±4.20; 
FEV1/FVC: 110.35±2.69 vs 111.32±1.33; PEF: 5.52±8.66 vs 79.40±5.09) (p<0.05). There 
were significant positive correlation between erythrocyte acetylcholinesterase activity and 
respiratory function parameters in all groups (n=80) (FEV1: r=0.425, p<0.001; FVC: r=0.301, 
p<0.05 and PEF: r=0.316, p<0.05). There were significant negative correlation between 
erythrocyte acetylcholinesterase activity and serum IL-6 level (r= -0.374, n= 80, p<0.05). 
Serum IL-6 level was significantly higher in exposed group than non-exposed group (34.77±3.3 
pg/mL vs 28.75±2.0 pg/mL; p <0.001). There was a significant negative correlation between 
serum IL-6 level and respiratory function parameters in all group (n=80) such as FEV1 (r= 
0.300, p<0.05) and FVC (r= 0.331, p<0.05). Conclusion: It was concluded that agricultural 
workers who exposed to organophosphate pesticides have higher serum IL-6 level and lower 
respiratory functions than that of non-exposed subjects. The present findings highlighted 
that there has an impact of chronic low dose OP exposure on respiratory health and there 
has a role of IL-6 in respiratory function decline. 
Key words: Acetylcholinesterase, Interleukin-6, Respiratory Function, Organophosphate 
Pesticides, Agricultural Workers.

Thurein Zaw*, Mya Pwint Phyu, Sanda Kyaw

Erythrocyte Acetylcholinesterase Enzyme Activity, Serum  
Interleukin-6 Level and Respiratory Function of Myanmar  
Agricultural Workers Exposed to Organophosphate Pesticides

INTRODUCTION
Nowadays, numerous environmental pollutants 
such as industrial waste, polluted air and chemicals 
including pesticides are continually exposed to living 
organism. Since Myanmar is one of the agricultural 
countries, the agricultural sector is the backbone of 
its economy. Therefore, increased farm production 
is an important factor for agricultural workers. At 
the same instant, agricultural workers are reliant on 
pesticides to raise farm productivity.

Pesticides include many different chemical 
compounds which have specific mechanisms of 
action. According to the different chemical structure, 
pesticides are classified as carbamates, coumarin 
derivatives, organophosphate compounds (OP), 
organochlorine compounds and pyrethroids.[1]

Among them, OP compounds are used as pesticides 
since 1854.[2] In Myanmar, OP compounds are still 
widely used as pesticides in farm productivity. OP 
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compounds are acetylcholinesterase (AChE) inhibitors. After exposure 
to OP pesticides, they cause accumulation of acetylcholine (ACh) in the 
body which binds to the nicotinic and muscarinic cholinergic receptors 
and results in toxic effects of OP pesticides.[3]

Many studies have been reported that OP pesticides have many 
toxicology effects on the body systems such as central nervous system, 
respiratory system, endocrine system, immune system, gastrointestinal 
system, cardiovascular system and genitourinary system.[4-6] The clinical 
features of OP poisoning vary depend on acute or chronic duration 
and high-dose or low-dose exposure. Respiratory effects of high-
dose OP exposure include bronchoconstriction, pulmonary oedema 
and respiratory muscle paralysis. Short-term respiratory symptoms 
reported following acute low-dose exposure to OP include chest pain, 
cough, wheezing, difficulty in breathing, shortness of breath, runny 
nose and throat irritation.[7] Many experimental studies showed that the 
respiratory function is reduced in subjects who have chronic exposure to 
OP pesticides when compared with non-exposed subjects.[8-11]

Moreover, OP pesticides exposure causes damaging effects on the 
immune system and secretes inflammatory mediators such as cytokines, 
chemokines, reactive oxygen species (ROS) and reactive nitrogen 
species (RNS).[12] Shaaban et al. (2006) reported that inflammatory 
mediators such as interleukin-6 (IL-6) increases the hepatic production 
of C-reactive protein (CRP), which causes lung parenchyma damage 
and pulmonary fibrosis leading to structural changes. This structural 
change narrows the airway and limits the air flow and resulting in 
respiratory function decline.[13] Accordingly, it can be hypothesized 
that inflammatory mediator, IL-6 is tracing link between OP pesticide 
exposure and respiratory function decline. In view of this, the present 
study investigated the erythrocyte acetylcholine esterase enzyme activity 
and serum IL-6 levels for the chronic low-dose pesticide exposure and 
impact of chronic low dose of agricultural pesticide on the respiratory 
health of agricultural workers. 

MATERIALS AND METHODS
Subject Selection
This community-based cross-sectional comparative study was 
undertaken in forty agricultural workers living in A-lal-Chaung Village, 
Magway Township who exposed to OP and forty non-exposed subjects 
living in Yan-Way Quarter, Magway Township. All subjects were 
recruited by inclusion and exclusion criteria. Inclusion criteria was 
agricultural workers of age 18 – 45 years working in pesticide-used farms 
who involve in pesticide application process for at least one year for 
exposed group and apparently healthy subjects of age 18 – 45 years who 
did not involve in pesticide application process for non-exposed group. 
Subjects with acute or chronic infection, being under any medication 
such as drugs affecting respiratory function, current smoker, current 
alcoholic and presence of known respiratory diseases, chest wall or 
spinal deformity and any intra-abdominal abnormalities were excluded. 
The detailed procedure was explained and written informed consent was 
taken. This study was approved by the Ethics Review Committee of the 
University of Medicine, Magway.

Data Collection Method
Data collection was done during pesticide spraying season. All subjects 
were requested to fast overnight (both solid and liquid) for ten hours. 
On the day of experiment, subjects were requested for arriving to 
the local administrator office at 6:00 am. On arrival, after taking ten 
minutes rest, Forced vital capacity (FVC) maneuver was done by using 
Spirodbank II spirometer. Then, six milliliters of venous blood sample 
was collected from antecubital vein under aseptic condition by using a 
disposable syringe and needle for each subject. Three milliliters of blood 

was kept in an ethylenediaminetetraacetic acid (EDTA) tube for packed 
cell separation and other three milliliters of blood was kept in plain 
tube and allowed to clot for thirty minutes at room temperature before 
centrifugation. All blood samples were transported to the Common 
Research Laboratory, University of Medicine, Magway using an effective 
cold chain system. Upon arrival, the blood in EDTA tube was centrifuged 
for fifteen minutes at 1000 rpm. The supernatant plasma and buffy coat 
were removed. Packed cells were washed three times with isotonic 
saline. Then, these were stored at 2°C until analysis. AChE activity was 
measured within three days. The blood in plain tube was centrifuged for 
fifteen minutes at 3000 rpm. Serum was separated and kept in screw-
tight bottle which was stored at -20°C until analysis.

Respiratory Function Test
Respiratory function parameters were measured by using Spirobank II 
spirometer (910575, Medical International Research, Italy). 

Measurement of Erythrocyte Acetylcholinesterase 
(AChE) Activity
Erythrocyte AChE activity was measured by Ellman’s spectrophotometric 
method. 

Measurement of Serum Interleukin-6 Level
Serum IL-6 levels were determined by enzyme-linked immunosorbent 
assay (IL-6 immunoassay, DRG Instruments, Germany).

Statistical Analysis of Data
Data entry and analysis were done by SPSS software (Statistical Package 
for Social Sciences) version 16 (IBM, Armonk, New York, United State 
of America). Erythrocyte AChE activity, serum IL-6 level and respiratory 
function test values were described as mean±SD. Comparisons were 
done by unpaired Student’s t-test and Pearson’s correlation was used 
to correlate between erythrocyte AChE activity, serum IL-6 level and 
respiratory function. Significant level was set at p ≤0.05. 

RESULTS
Table 1 shows the general characteristics of the subjects participated in 
this study. Mean erythrocyte AChE activity was significantly different 
between non-exposed and exposed group (Figure 1). Serum IL-6 level 
of exposed group was significantly higher than that of non-exposed 
group (Figure 2). Table 2 shows the percentage of predicted value of all 
respiratory function parameters such as forced expiratory volume in first 
second (FEV1), forced vital capacity (FVC), ratio of forced expiratory 
volume in first second and forced vital capacity (FEV1/FVC), peak 
expiratory flow (PEF) and average forced expiratory flow between 25% 
and 75% of FVC (FEF25-75%) of non-exposed and exposed group. Table 
3 shows the correlation between erythrocyte AChE activity and the 
percentage of predicted value of all respiratory function parameters. 
Among them, there was significant positive correlation between 
erythrocyte AChE activity and the percentage of predicted value of 
FEV1, FVC and PEF (Table 3). The significant negative correlation 
between erythrocyte AChE activity and serum IL-6 level is shown in 
Figure 3. Table 4 shows the correlation between serum IL-6 level and 
the percentage of predicted value of all respiratory function parameters. 
There was a significant negative correlation between serum IL-6 level 
and the percentage of predicted value of FEV1 and FVC.

DISCUSSION
A total of eighty subjects (forty subjects for non-exposed group and 
forty subjects for exposed group) participated in the present study. Age 
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and BMI-matched male subjects were recruited in this study. Mean age 
(40.40±2.60 vs 40.45±3.14 years) and BMI (21.99±1.31 vs 21.99±1.84 kg/
m2) were not significantly different between non-exposed and exposed 
group. 
In the present study, the mean duration of pesticide exposure of exposed 
group was 12.97±1.98 years. It indicates that there has chronic exposure 
of OP pesticides. According to the result of the present study, there has 
a significant decrease in the erythrocyte AChE activity in agricultural 
workers who exposed to OP pesticides compared to the non-exposed 
group. The result of present study is in accordance with previous studies 
done by Gomes et al. (1997), Ogut et al. (2011), Dutta et al. (2019), 
Manyilizu et al. (2016) and Mya-Pwint-Phyu et al. (2020).[14-18] 
On the other hand, this result is not coinciding with the finding of study 
done by Shadnia et al. 2005.[19] This inconsistency may be due to the 
differences in amount of dosage or duration of exposure. OP compounds 
are AChE inhibitors by using phosphorylation of the serine hydroxyl 
group located at the active site of the enzyme. These compounds inhibit 
the actions of both AChE in red blood cell and serum AChE enzymes. 
Among them, serum AChE activity is more decreased than erythrocyte 
AChE activity after OP pesticide exposure. Therefore erythrocyte 
AChE activity is an indicator of chronic pesticide exposure and so the 
measurement of erythrocyte AChE activity is recognized as a human 
biological marker of OP pesticides exposure.[20,21]

Among the inflammatory markers, interleukin-6 is the major 
inflammatory mediator which has both pro- inflammatory and anti-
inflammatory effects. IL-6 is a keystone cytokine in health and disease. 
Natural human IL-6 is a single polypeptide chain of 185 amino acids. In 
humans, this protein is encoded by the IL-6 gene.[22] In the present study, 

serum IL-6 level was significantly higher in exposed group than non-
exposed group. Furthermore, there was a significant negative correlation 
between erythrocyte AChE enzyme activity and serum IL-6 level (r = 
-0.374, n = 80, p <0.05). These results have strengthened the hypothesis 
that OP pesticides can affect the immune system and inflammatory 
markers.
A study done by Alluwaimi and Hussein reported that the immunotoxicity 
caused by OP pesticides lead to increased levels of inflammatory markers 
in mice. Therefore, the finding of the present study was consistent with 
those reported by Alluwaimi and Hussein.[23] In another study done by 
Taghavian et al. (2016), there was no significant difference of serum IL-6 
level in exposed group and non-exposed group to OP pesticides. But 
serum IL-6 level was significantly difference in female exposed group 
and female non-exposed group to OP pesticides.[24]

Occupational exposure to pesticides gives adverse effects on the 
respiratory system. Many epidemiological studies reported that there 
are many respiratory diseases after chronic exposure of pesticides such 
as asthma, chronic bronchitis and lung cancer.[25-27] Moreover, many 
cross-sectional and prospective cohort studies reported that there is 
a significant decrease in the lung function parameters in agricultural 
workers comparing with non-exposed subjects.[8-11,28]

In the present study, the percentage of predicted value of respiratory 
function parameters (FEV1, FVC, FEV1/FVC and PEF) was significantly 
reduced in exposed group when compared with the non-exposed group. 

Table 1: General characteristics of the subjects.

Variable Non-exposed Group
(n = 40)

Exposed Group 
(n = 40)

Age (years) 40.40 ± 2.59 40.45 ± 3.14

Body Weight (Kg) 59.50 ± 3.87 55.97 ± 7.67

Height (m)  1.65 ± 0.05 1.60 ± 0.08

BMI (Kg/m2) 21.99 ± 1.31 21.98 ± 1.84

Duration of exposure 
(years)

 - 12.97±1.98 

Data expressed as mean ± SD; BMI: Body mass index 

Table 2: Comparison of respiratory function parameters between 
groups.

Respiratory Function 
Parameters

(% of predicted value)

Non-exposed 
Group

(n = 40)

Exposed Group
(n = 40)

p 
value

FEV1 75.95 ± 4.05 72.13 ± 4.40 <0.05

FVC 70.60 ± 4.20 66.90 ± 4.40 <0.05

FEV1/FVC 111.32 ± 1.33 110.35 ± 2.69 <0.05

PEF 79.40 ± 5.09 75.52 ± 8.66 <0.05

FEF25-75% 90.03 ± 6.19 88.18 ± 4.84 >0.05

Statistical analysis was done by unpaired Student’s t-test. P<0.05 was consid-
ered significant. FEV1: Forced expiratory volume in first second; FVC: Forced 
vital capacity; FEV1/FVC: Ratio of forced expiratory volume in first second and 
forced vital capacity; PEF: Peak expiratory flow; FEF25-75%: Average forced expi-
ratory flow between 25% and 75% of FVC. 

Table 3: Correlation between erythrocyte acetyl cholinesterase 
enzyme activity and respiratory function parameters in non-exposed 
and exposed group.

Respiratory Function 
Parameters

(% of predicted value)

Erythrocyte AchE activity
(U/L)

p value

FEV1 r = 0.425 <0.001

FVC r = 0.301 <0.05

FEV1 /FVC r = 0.099 >0.05

PEF r = 0.316 <0.05

FEF 25-75% r = 0.098 >0.05

FEV1: Forced expiratory volume in first second; FVC: Forced vital capacity; 
FEV1/FVC: Ratio of forced expiratory volume in first second and forced vital 
capacity; PEF: Peak expiratory flow; FEF25-75%: Average forced expiratory flow 
between 25% and 75% of FVC; r: Pearson’s correlation coefficient.

Table 4: Correlation between serum interleukin-6 level and respiratory 
function Parameters in non-exposed and exposed group.

Respiratory Function 
Parameters

(% of predicted value)

Serum IL-6 Level 
(pg/mL)

p value

FEV1 r = - 0.300 <0.05

FVC r = - 0.331 <0.05

FEV1 /FVC r = - 0.186 >0.05

PEF r = - 0.194 >0.05

FEF 25-75% r = - 0.104 >0.05

FEV1: Forced expiratory volume in first second; FVC: Forced vital capacity; 
FEV1/FVC: Ratio of forced expiratory volume in first second and forced vital 
capacity; PEF: Peak expiratory flow; FEF25-75%: Average forced expiratory flow 
between 25% and 75% of FVC; r: Pearson’s correlation coefficient.
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When comparisons in the respiratory function parameters were done, 
the observed values were converted to the percentage of the predicted 
values to avoid the confounding effects of age, height and ethnic group. 
The same protocol according to ATS/ERS guidelines was applied to all 
subjects of the present study to obtain accurate and precise measurement. 
Changes in FEV1 and FEV1/FVC ratio are predominantly related to large 
airways and PEF and FEF25–75% alterations are related to small airways.[29] 
Previous studies investigated the respiratory function of OP pesticide-
exposed agricultural workers and found a significant decrease in the 
FVC, FEV1, FEV1/FVC, PEF and FEF25–75%.

[8-11,28] These studies showed 
that there was association between respiratory function impairments 
and occupational exposure to pesticides, independent of smoking.
In the present study, there was a significant positive correlation between 
erythrocyte AChE enzyme activity and respiratory function parameters 
such as FEV1 (r = 0.425, n = 80, p <0.001); FVC (r = 0.301, n = 80, p 

Figure 1: Comparison of erythrocyte acetylcholinesterase enzyme activity 
between non-exposed and exposed group.
Comparison was done by unpaired Student’s t-test 
* indicates significant difference between two groups p<0.05 

Figure 2: Comparison of serum interleukin-6 level between non-exposed 
and exposed group.
Comparison was done by unpaired Student’s t-test 
* indicates significant difference between two groups p<0.05

Figure 3: Correlation between erythrocyte acetylcholinesterase activity and 
serum interleukin-6 level.
Correlation was done by using Pearson’s correlation test
r: Pearson’s correlation coefficient; n = Total number of subjects

<0.05) and PEF (r= 0.316, n=80, p <0.05). Furthermore, there was a 
significant negative correlation between serum IL-6 level and respiratory 
function parameters such as FEV1 (r = 0.300, n = 80, p <0.05) and FVC 
(r = 0.331, n = 80, p <0.05). The present findings provide the evidences 
of the chronic effects of pesticide exposure on respiratory health and 
possibly the development of chronic lung diseases.
Although the role of inflammation and the cytokines play in the 
respiratory function impairment is poorly understood, some studies 
have been reported that there was association between serum IL-6 level 
and respiratory function decline in apparently healthy subjects and 
patients who suffer asthma and COPD.[30,31] 
During OP pesticide poisoning, cytokines such as IL-6 and TNFα 
secretion are increased. These cytokines also encourage inflammatory 
state and may act via systemic inflammation to negatively affect 
respiratory function. There have many possible causes of relationship 
between increased serum IL-6 and respiratory function decline. IL-6 
binds to IL-6 receptor which situated on the bronchial epithelial cells 
and cause increased secretion of mucous. Mucous hypersecretion can 
contribute to respiratory function decline.[32] 

CONCLUSION
In the present study, the percentage of predicted value of respiratory 
function parameters (FEV1, FVC, FEV1/FVC and PEF) was significantly 
reduced in agricultural workers who exposed to OP when compared 
with the non-exposed group. Moreover, there was a significant positive 
correlation between erythrocyte AChE enzyme activity and respiratory 
function parameters such as FEV1, FVC and PEF. Furthermore, there 
was a significant negative correlation between serum IL-6 level and 
respiratory function parameters such as FEV1 and FVC. Therefore, it can 
be concluded that there has an impact of chronic low dose OP exposure 
on respiratory health and there has a role of IL-6 in respiratory function 
decline due to OP pesticide exposure. 
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