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Introduction
Pesticides being heterogeneous category of chemicals are widely 

used compounds in our environment for a few decades in pest control, 
crop production and agriculture [1]. They cover a wide range of 
compounds including insecticides, fungicides, herbicides, rodenticides, 
molluscicides and others. These have been found in air, soil, water, 
human and animal tissues from all over the world. Pesticides uptake 
occurs mainly through the skin, eyes, by inhalation or ingestion. The 
fat and water soluble pesticides are absorbed through skin. Sores and 
abrasions may also facilitate uptake through skin [2]. Absorption 
resulting from dermal exposure is the most important route of uptake 
for exposed workers [3]. Occupational exposures occur in mixing of 
active ingredients of pesticides, loading of equipment and in spraying 
along with application of insecticides and leads to human poisoning [4].

The use of pesticides in Pakistan was started in 5th decade of 19th 
century and increased steadily and substantially over the years. Pesticide 
poisoning is a serious problem in agricultural areas of this country 
[5,6]. Out of total pesticides used in Pakistan, 88.3% is used in Punjab 
province followed by Sindh (8.2%) and Khyber Pakhtoon Khan (2.8%). 
Cotton crop is the major cash crop [7]. Therefore, use of pesticides in 
cotton crop accounts for about 62% of the total pesticide consumption 
here. More than 150 types of insecticides, fungicides and rodenticides 
are being used in Pakistan. Acute sever poisoning is an important 
clinical problem in Pakistan like other countries of the world [6]. Health 
implications of pesticide exposure in different factory workers showed 
considerable variation in enzyme levels of the subjects [8,9]. Most 
epidemiological studies on pesticides have analyzed the health effects 
of exposure on human health and the variation in the levels of enzymes 
have correlated to the influence of pesticides exposure [10]. 

Many researchers have reported the inhibition of serum 
Cholinesterase that is widely used as biomarker of acute or chronic 
exposure to the pesticides. Most studies in the literature regarding the 
chronic effect of pesticides have mainly focused on imbalance of heart, 
kidney and liver function enzymes [11]. Acute toxic effects of pesticides 
are easily recognized, whereas the effects resulting from long-term 
exposure to low doses are often difficult to distinguish [12]. The pesticides 
influence the number of enzymes, physiological systems and organs of 
mammalian system i.e. reproductive, nervous, immune and endocrine 
systems [13-15]. On the other hand aging is one of the highest risk 
factors known for most human diseases, including neurodegeneration, 
cancer, diabetes, and metabolic syndrome [16]. Aging also affects the 
body’s cells, tissues, and organs, and these changes affect the body fluids 
and enzyme levels [17]. A number of characteristic aging symptoms 
are experienced by a majority or by a significant proportion of humans 
during their lifetimes.

Previously, number of researchers investigated the effect of pesticides 
on different enzymes of occupationally exposed workers with regard 
to their age or level of exposure to pesticides independently [10,18]. 
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Abstract
The Level of serum enzymes shows variation in humans with increase in age and with the exposure of pesticides. 

In order to observe the combined effect of exposure of pesticides and age of exposed workers on level of their serum 
enzymes, 172 workers potentially exposed to pesticides and fifty control individuals were categorized into different 
groups regarding their age and duration of exposure. The serum of each individual was subjected to the estimation of 
neuromuscular enzyme i.e. BChE, liver function enzymes i.e. SGOT, SGPT, GGT, ALP and the biomarker of muscles 
damage enzymes i.e. CPK and LDH, essentially following the procedures provided with standard Kits for respective 
enzyme. The data obtained was statistically analyzed by conducting two way ANOVA following Tukey multiple comparison 
test to observe the effect of age and exposure and interaction of age and exposure on level of enzymes. Significant 
differences have been observed between control and all other exposure levels for all studied enzymes. BChE, CPK, 
SGPT and GGT showed significant variation with respect to age but ALP, SGOT and LDH, were not observed to show 
variation significantly while considering the age. Combined action of pesticide exposure level and age of the subject 
significantly affected the BChE, CPK, LDH, ALP, SGOT and GGT but does not influence the serum level of SGPT and 
it is concluded that exposure levels of pesticides affect all the serum enzymes. Serum levels of ALP, SGOT, LDH under 
the exposure of pesticides experiment, remained totally uninfluenced by age of the study subjects. Combined action of 
pesticide exposure level and age of the subject does not influence the serum level of SGPT after the experiment but 
affected the rest of the enzymes.
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However, to the best of our knowledge, no study has been carried on 
enzyme’s level of occupationally exposed workers by taking in account 
their age and exposure simultaneously. Therefore, in the present study, 
an effort was made to explore the variation in the levels of different 
serum enzymes affected by age and exposure and combined effect of 
both age and exposure in workers of different pesticide formulation 
factories in Multan, Pakistan. 

Methods
This cross sectional study was conducted at Institute of Chemical 

Sciences after the approval of Board of Advanced Studies and Research 
(BASR), Bahauddin Zakariya University, Multan, Punjab, Pakistan. 
Blood samples of workers were collected from different pesticides 
formulation factories located in Industrial State Multan, Pakistan. All 
participants were informed about the purpose of the study and gave 
their written consent to participate. The pesticides formulated in these 
factories and their World Health Organization [19] classification is 
given in Table 1.

Field survey and blood collection

One hundred and eighty male workers potentially exposed 
to pesticides working on average 42 hours a week were randomly 
selected from pesticide formulation factories on the basis of their 
active involvement in mixing, packing and storage of the pesticides. A 
group of 50 male healthy individuals with same socioeconomic status 
that were not exposed to pesticides was used as control. The personal 
history and information regarding the different symptoms of heart 
and kidney diseases were also obtained. A blood sample of 5 ml from 
each individual was collected in serum gel tubes (BD Vacutainer®) 
and the samples were brought to the laboratory immediately. The vials 
were centrifuged at 2500 rpm for ten minutes at room temperature to 
separate the serum. A fraction of serum was used for the screening of 
Hepatitis B and C using Hepatitis Rapid Kits (OraSure Technologies, 
Bethlehem, PA, USA). The eight workers out of 180 showed positive 
tests for hepatitis B/C and were excluded from the study. The serum 
samples of rest of the 172 workers were stored in refrigerator at -20°C 
for the assay of serum enzymes. 

Study design

This cross sectional study comprises the analysis of 222 subjects 
including 172 pesticide exposed factory workers with 1-10 year of exposure 
and fifty control subjects. All the subjects were from age 19-58 year. The 
subjects were categorized in to different groups of exposure. These exposure 
groups were further categorized in to five groups of age (Table 2).

Enzyme analysis

In the present work, serum enzymes i.e. Butyrylcholinestrase 

(BChE), Creatine Phosphokinase (CPK) and Lactate Dehydrogenase 
(LDH), Alkaline Phosphatase (ALP), Serum Glutamic Oxaloacetic 
Transaminase (SGOT), Serum Glutamic Pyruvic Transaminase (SGPT), 
Gamma-Glutamyl Transferase (GGT) were analyzed. The activity of all 
enzymes was estimated using respective kits and is expressed as U/L. 
All these measurements were carried in triplicates. 

Measurement of ButyrylCholinesterase: Serum 
Butyrylcholinesterase was measured by colorimetric method using 
the kit, Randox, UK [20]. The serum butyrylcholinesterase hydrolyses 
butyrylthiocoline to produce thiocoline and butyrate. The reaction 
between thiocholine and dithiobisnitrobenzoate (DTNB) gives 2-nitro-
5-mercaptobenzoate, a yellow compound which was measured at 405 
nm. The cholinesterase activity of the samples was measured by the 
proportional decrease in the absorbance.

Measurement of CPK: CPK catalyzes the phosphorylation of ADP 
to ATP, the catalytic activity is determined from the rate of NADPH 
formation, measured at 340 nm by following UV-kinetic method as 
illustrated in kit, Human [21].

Measurement of LDH: Serum LDH was measured by adopting 
the modified method based on the recommendations of Scandinavian 
committee on enzymes as explained in LDH kit, Human, Germany [21] 
and the generation of NAD+ was measured at 340 nm.

Measurement of ALP: Serum ALP was measured by optimized 
standard method according to the recommendations of the German 
Clinical Chemistry Association [21], and the absorption of the complex 
p-nitrophenol was recorded at 405 nm. 

Measurement of SGOT, SGPT and GGT: The estimation of 
transaminases, i.e. SGOT, SGPT and GGT was carried out by the 
UV-kinetic method according to the recommendations of the expert 
panel of IFCC (International Federation of Clinical Chemistry) using 
respective kits, Human, Germany [22,23]. The generation of NAD+ in 
transaminase reactions for SGOT and SGPT was measured at 340 nm. 
GGT catalyzes the transfer of a γ-glutamyl group from γ-glutamyl-
p-nitroanilide (GGPNA). The rate of liberation of p-nitroaniline is 
directly related to the γ-GT activity in the sample and was quantified by 
measuring the increase in absorbance at 405 nm [23]. 

Statistical Analysis
The recorded data under continuous variables were segregated 

according to exposure and age groups. The exposure and age group 
were considered as two factors. On the basis of the observed data, Two 
Way Analysis of Variance [24] was conducted with respect to both the 
factors. In case of Two way ANOVA a P-value<0.05 was considered as 
significant. Tukey Pairwise Multiple Comparison test was conducted for 
the main factors and interactions across the seven different enzymes. In 
case of Multiple comparison test an Adjusted P-value<0.05 was considered 

Pesticide Common Name Chemical Class WHO Classification

Insecticide

Carbofuran Carbamate Ib
Triazophos Organophosphate II
Chlorpyrifos Organophosphate II
Imidacloprid Neonicotinoids II & III

Lambdacyhalohrin Pyrethroid II
Deltamethrine Pyrethroid II

Herbicides Tribenuron methyl Triazine II
Fungicide Difenoconazole Triazoles II

Ib = Highly hazardous; II = Moderately hazardous; III = slightly hazardous 
(Chemicals and Organization 2010)
Table 1: List of Pesticides Used by the Case Group

Groups Exposure
(Years)

Age (Years)
Total

19-26 27-34 35-42 43-50 51-58
1 0 30 5 5 5 5 50
2 1-2 6 46 3 3 3 61
3 3-4 4 22 3 3 3 35
4 5-6 7 18 4 3 3 35
5 7-8 4 6 3 3 3 19
6 9-10 7 6 3 3 3 22

Total 57 103 21 20 20 222

Table 2: Study Design to See the Effect of Exposure and Age on All Participants
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as significant when Family Wise Error Rate was 5% (Family wise error 
level of significance=0.05). The statistical analyses were conducted by 
using MINITAB version 17.0 and SPSS for Windows version 19.0. For 
production of few graphs Microsoft Excel 2007 was used.

Results
A sample size of 222 subjects (172 exposed and 50 control 

individuals) was selected to observe the variation in enzymes levels 
under the action of age of the workers and exposure of the pesticides in 
workers of pesticides formulation factories. The changes in enzymatic 
parameters in studied population are explained below.

Studies on the changes in the levels of serum enzymes

Data was analyzed using different statistical techniques to assess the 
influence of age, duration of exposure and the combined effect of both 
age and exposure on the serum levels of different enzymes. The results 
are explained as follow;

The values for relative change of mean (%) of enzymes level after 
exposure with respect to control are presented in Figure 1. In case of 
exposure all enzymes have been observed to vary significantly from 
that of their respective control levels. A variable cluster analysis was 
conducted for the seven continuous variables (Enzymes) by following 
the similarity of observation method and six different clusters were 

found (Figure 2). Action on BChE variable (cluster 6) has 61.10% 
similarity in observation with other variables and CPK (cluster 1), ALP 
(cluster 2), GGT (cluster 4), LDH (cluster 5) have been observed to 
show 51.33, 58.11, 55.55, 48.61 % similarities respectively from other 
variables. Action on SGOT and SGPT variables were found to exist 
in same cluster (cluster 3) with similarity level of 53.17% with other 
variables. So these analyses indicated towards the similarity of enzyme 
level changes with respect to all exposure levels and age groups.

Figure 1: Relative change in mean values of enzymes level due to different exposures with respect to control across age groups.

Factors
P-Values

CPK ALP LDH SGOT SGPT GGT BChE
Exposure 0.00* 0.00* 0.00* 0.00* 0.00* 0.00* 0.00*

Age Group 0.00* 0.924 0.737 0.117 0.00* 0.00* 0.00*

Interaction 0.69 1 0.993 1 0.971 0.999 0.009*

S 30.00 75.15 82.85 11.38 11.99 10.60 5562

R-sq [in %] 53.38 33.23 27.76 43.87 35.12 54.46 67.96

R-sq(adj) [in %] 46.34 23.15 16.85 35.39 25.32 47.59 63.12

R-sq(pred) [in %] 39.94 17.14 10.05 34.60 18.78 39.14 60.95

S=Variance; R-sq= R- Square (Coefficient of determination); R-sq(adj)= R- Square 
Adjusted; R-sq(pred)= R- Square Predicted 
*(P<0.05, Level of significance = 0.05)
Table 3: Two Way ANOVA with interaction of exposure and age on the serum levels 
of different enzymes of pesticides exposed workers
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Figure 2: Similarity analysis across the action on enzymes (Six clusters are identified with different similarities levels) [variable clustering method]
Cluster 1: Action on CPK; Cluster 2: Action on ALP
Cluster 3: Action on SGOT and Action on SGPT
Cluster 4: Action on GGT; Cluster 5: Action on LDH
Cluster 6: Action on BChE

Two way ANOVA was conducted by considering exposure and 
age groups as two factors. ANOVA was conducted on seven different 
enzymes to find the significant effect of exposure levels, age and 
combined effect of age and exposure and the results are shown in Table 
3. The results showed that exposure levels have significant effect across 
all the studied enzymes (P<0.05). CPK, SGPT, GGT and BChE were 
observed to show significant effect with respect to increase in age. The 
age groups has no significant (P>0.05) effect on the serum levels of ALP, 
SGOT and LDH. Hence CPK, SGPT, GGT and BChE were observed to 
show significant effect due to age and exposure independently. While, 
combined effect of exposure and age had significant effect (P<0.05) only 
on BChE and the rest of the studied enzymes had no significant effect. 
Coefficient of determination (R2) values were maximum (67.96%) with 
BChE enzyme variable and minimum (27.76%) with LDH enzyme 
variable. R2 explains percentage of dependant variable’s (serum levels 
of enzymes) variation explained by the linear model (intercept+β1 
Exposure+β2 Age group+β3 Exposure*Age group+error), where β1, β2 
and β3 are the coefficient of exposure, age group and interaction term 
respectively. Low R2 value is due to the ordinal nature of the independent 
variables but still those models have a good fit. These results may not 
completely acceptable according to biological phenomena of human 
body. Every person’s enzyme production capacity is varied according 
to his/her age. The amount of pesticide exposure is also an important 
factor.

If all exposure levels are supposed to significantly affect the human 
body enzyme levels, it is again expected to get some significant effect 
of age and exposure interaction term. Therefore, diagnosis obtained 
by two way ANOVA was matched with Tukey Multiple Comparison 
procedure in case of exposure and age group term only. But the 
two way ANOVA was unable to detect a large amount of significant 
interaction between exposure and age group in this experimental 
analysis process and choice of Tukey Multiple Comparison procedure 
is justified in this regard. Tukey Pair wise Multiple Comparison test was 
conducted for all studied enzymes with respect to exposure, age group 
and interaction levels and obtained adjusted P-values were compared 

Significant In Exposure* Age 
Group* Interaction*

No. of Enzymes 
Considered 

in each 
Combination

CPK, ALP, LDH, 
SGOT,SGPT,GGT,BChE 5 none None 7

SGOT ONLY 5 none None 1
GGT ONLY 1 none 7 1
BChE ONLY None 4 40 1

CPK, GGT, BChE None 1 3 3
CPK, SGPT, GGT, BChE None 1 None 4

SGPT, GGT None 1 None 2
CPK, BChE None none 7 2
CPK, GGT None none 11 2

CPK, ALP, LDH, SGOT, 
GGT, BChE None none 1 6

CPK, ALP, SGOT, GGT, 
BChE None none 3 5

CPK, SGOT, GGT, BChE None none 3 4
CPK, SGOT, GGT None none 3 3

CPK, SGOT None none 2 2
CPK, SGOT, BChE None none 2 3
CPK, LDH, BChE None none 1 3

ALP, LDH, GGT, BChE None none 1 4
LDH, BChE None none 1 2

LDH, SGOT, GGT, BChE None none 1 4
LDH, BChE None none 1 2

SGOT, GGT, BChE None none 3 3
SGOT, BChE None none 1 2
GGT, BChE None none 10 2
CPK ONLY None none 19 1

TOTAL 11 7 120

*Significant number of pairs.
Table 4: Significant Number of Pairs According to The Combinations of Different 
Enzymes across Different factors (based on multiple comparison test result)
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with Family wise Error level of significance (0.05) or at 5% Family wise 
error Rate (FWER). The total observations of multiple comparisons 
for age, exposure and interaction of age and exposure are expressed in 
supplementary data (Supplementary Tables S1-S7). The pair showing 
adjusted P-value less than 0.05 was considered as significant. Only the 
significant observations were plotted and are expressed in Figures 3-6. 
Figure 3 shows the results for the effect of exposure on serum levels 
of all studied enzymes. The significant differences of age group levels 
for the enzymes BChE, CPK, SGPT and GGT are shown in Figure 4. 
No significant observation has been found for enzymes LDH, ALP 
and SGOT with respect to age. In case of interaction, the significant 
observations of differences in interaction levels for six enzymes i.e. 
CPK, LDH, SGOT and ALP are shown in Figure 5 and for GGT and 
BChE, are presented in Figure 6. The enzyme SGPT has not shown any 
significant observation for differences in interaction levels. 

A cluster analysis was conducted for exposure levels, age groups 
and interaction terms on the basis of significant adjusted P-values. 
The cluster membership of three variables shows that according to 
Tukey multiple comparison test at 5% FWER with different enzyme 

combinations, 41 pairs of exposures, 13 pairs of age groups, 209 pairs 
of interaction terms are found significant and the details of these pairs 
are presented in supplementary table (Table S-8). Squared Euclidian 
distance with centroid linkage method was used for this hierarchical 
clustering procedure. The Table 4 shows total number of observations 
of difference of exposure, age and interaction levels across the enzyme 
types. Exposure term cluster analysis of adjusted P-value gives six 
different clusters in which cluster 1 contains 32 observations or pairs 
which are most significant (adjusted P=0.000<0.05) and rest of five 
clusters also have adjusted P-value <0.005 but their adjusted P-values 
are greater than 0.000. For age group term cluster analysis of adjusted 
P-value gives six different clusters in which cluster 5 contains six 
observations or pairs which are most significant (adjusted P=.000< 
0.05) and rest of five clusters also have adjusted P-value <0.005 but their 
adjusted P-values are greater than 0.000. For interaction term cluster 
analysis of adjusted P-value gives twelve different clusters in which 
cluster 3 contains 79 observations or pairs which are most significant 
(adjusted P= 0.000 to 0.001< 0.05) and rest of eleven clusters also have 
adjusted P-value <0.005 but their adjusted P-values are greater than 
0.001. The ranking of the adjusted P-values are created and a bar plot of 

Figure 3: Significant pairs according to adjusted p-values in studied enzymes for differences in exposure levels. [at 5% Family Wise Error Rate]
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corrected rank vs. observations or pairs was produced for exposure, age 
and interaction. The corrected ranks vs. pairs of exposure and age for all 
studied enzymes are presented in Figure 7. The results for the adjusted 
P values for interaction of age and exposure are expressed in Figures 
8 and 9 while for the CPK and BChE are expressed in Figures 10 and 
11 respectively. This reveals that higher the rank more is significance. 
Along with these it is also proved that most significant observations are 
clustered at a same place. Numerically most significant observations are 
sharing same character.

Dendrograms of hierarchical clustering showing the position of 
particular observation or pair for exposure, age and interaction are 
presented in Supplementary file (Table S8). However, among the all 
significant values, most significant observations were detected and 
consolidated according to the name of enzymes. Five pairs of exposures 
2–1, 3–1, 4–1, 5–1, 6–1 were found significant across the all studied 
enzymes at 5% Family wise Error rate. In case of age group, 3–1 showed 
significance for enzymes BChE, CPK and GGT, 4-1 showed significance 
in BChE, CPK, SGPT and GGT, 5-1 depicted significance in SGPT and 
GGT. The age groups 3–2, 4–2, 5–3, 5–4 showed significance for BChE 
at 5% family wise error rate. In ALP, SGOT, LDH no pair of age group 

Figure 4: Significant pairs according to adjusted p-values in studied enzymes for differences in age groups. [at 5% Family Wise Error Rate]

are significant at 5% Family wise error rate. One pair of interaction 
[(3 1) - (1 1)] is significant across the six enzymes (except SGPT) and 
three pairs of interactions [(4 1) - (1 1), (6 1) - (1 1), (6 2) - (1 1)] are 
significant across the five enzymes (except SGPT, LDH) at 5% Family 
wise Error rate. In this way we get the significant pairs across the most 
of the number of enzymes and their combinations are given in Table 
S-1to S-7.

Discussion
An increasing number of human studies in recent years have started 

to evaluate the potential of pesticides to affect human serum. Pesticide 
poisoning is also a serious problem in agricultural areas of Pakistan 
and the use of pesticides has increased by 69% in last twenty years 
[25]. Pesticides are volatile and get vaporized easily, so when inhaled 
or come in contact with skin, they affect the human body and cause 
toxic symptoms like respiratory, neurological, gastrointestinal and skin 
problems [26,27]. 

The repeated and excessive use of pesticides promotes toxicological 
problems in workers. The toxicity of the pesticides is associated with 
the production of free radicals that damage the body tissues, cause 
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Figure 5: CPK, LDH, SGOT, ALP 
Significant pairs according to adjusted p-values in studied enzymes for differences in Interactions. [at 5% Family Wise Error Rate]

biochemical changes along with liver and kidney damage and results in 
leaching of enzymes into the blood. A positive correlation of pesticides 
with the liver enzymes has been reported by many researchers [28-30]. 
In this study the descriptive analysis reflects that the liver function 
enzymes (SGOT, SGPT, GGT and ALP) have been affected much in 
age group 27-34 and 35-42 years under high exposure levels (6-8, 9-10 
years). CPK, LDH (related to muscle damage) and Cholinesterase 
(neurotransmitter) are affected much in age group 51-58 under the 
higher exposure levels followed by younger age groups. The liver 
function enzymes like SGOT, SGPT and GGT are percolated out of the 
cell increasing their level into the bloodstream. Elevated SGOT levels 
are not only the indication of liver damage but has also been used as 
a cardiac biomarker [31,32]. SGOT, SGPT and GGT are membrane 
bound enzymes and are authentic and sensitive test for the detection 
of hepatic necrosis and liver diseases [33,34]. Increased levels of these 
enzymes in serum as reported in present study might be due to the 
leakage of soluble tissue enzymes into the blood as a result of necrosis 
of the tissues and such observations were also reported in infective 
hepatitis, acute pancreatic and cardiac disorders in humans [35].

In this cross sectional study, the results were statistically analyzed 
to find out the combined effect of age and exposure of pesticides on 
the serum levels of enzymes of the workers. The enzyme’s levels in 
serum of the subjects from six exposure levels and five age groups were 
estimated by applying two way ANOVA following the Tukey multiple 
comparison procedures in case of exposure and age group term only. In 
case of effect of exposure of pesticides on enzyme levels, we observed 
the significant difference between control and all exposure levels (1-2, 
3-4, 5-6, 7-8, 9-10 years) across the all seven enzymes at 5% FWER. 
Most of the significant differences between exposure levels are clustered 
at cluster no. 1 that is showing 32 significant clusters (Table S8a) for 
all studied enzymes (BChE, CPK, LDH, ALP, SGOT, SGPT and GGT) 
which shows that these enzymes are affected in a similar pattern 
under the action of pesticides. Most of the researcher has studied the 
hepatotoxicity due to pesticides exposure and have reported a positive 
linear relation of pesticides with the liver enzymes [36,37]. Biochemical 
effects can appear in case of enzyme inhibition or enzyme induction 
and proved to be good biomarkers for pesticides damage before the 
occurrence of adverse clinical health effect [38]. Pesticides have been 
reported to produce reactive oxygen species (ROS) in both intra- and 
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Figure 6:  Difference of interaction levels (GGT and BChE)
Significant pairs according to adjusted p-values in studied enzymes for differences in Interactions. [at 5% Family Wise Error Rate]

extra cellular species. Increased levels of ROS may result in significant 
damage to cell structures and cause impairment of cellular functions 
[39]. Tissue damage leads to the increased levels of CPK and LDH [40]. 
So the CPK and LDH serve as cheap and widely available biomarkers 
for acute organophosphorus poisoning [41]. Most organophosphorus 
and carbamates irreversibly bind to both AChE and BChE enzymes 
and inhibits their activities leading to over stimulate and disrupt 
neurotransmission in both central and peripheral nervous system 
[42]. While considering the effect of age on serum enzymes, significant 
difference have been observed between age group 1 (19-26 years) and 
age group 4 (43-50 years) across the level of enzymes, BChE, CPK, 
SGPT, GGT enzymes at 5% FWER but no significant difference was 
observed in level of enzyme ALP, SGOT and LDH. Our findings for 
the parameters i.e. ALP and SGPT are in accordance with Awad et al. 
who has reported that no significant difference in ALP serum enzyme 
level was observed in age groups of 20-60 due to chronic exposure of 
pesticides and significance difference in SGPT was observed in age 
groups 30-40 years and 50-60 years by applying t-test [10]. Moreover, 
they have reported significant differences for the values of SGPT in age 
groups 30-40 years and 40-50 years in comparison of t-test, but our 
study doesn’t find significant differences with respect to age in serum 
levels of SGOT at 5% FWER. The six combinations of age groups are 

clustered at cluster no. 5 which shows that BChE and GGT lies in the 
same cluster and are affected in a similar pattern. Cluster 3 and 4 shows 
SGPT and GGT while CPK lies in cluster 1 and 2 (Table S8b). So in 
case of the enzymes, ALP, SGOT and LDH, age group does not impact 
any effect but still exposure levels create an impact on all seven enzyme 
levels. Creatine Phosphokinase is an enzyme that is found mainly in 
the heart, brain, and skeletal muscles and the normal range for general 
CPK varies by age and gender. The peri-operative changes in the serum 
concentration of CPK levels are related to the heart and muscle damage 
[43-45]. Human muscles undergo age related degenerative changes that 
contribute to some of the most common causes of impairment and 
disability of the middle or older age. Cells lose viability in response 
to hypoxia, ischemia, exposure to toxic chemicals, and withdrawal 
of growth factors. Cell death in response to these stimuli can occur 
within minutes or take many hours to develop. Very rapid onset of 
cell death typically leads to tissue necrosis [46-48]. SGOT and SGPT 
are associated with cellular integrity and GGT, ALP are related with 
some conditions linked to the biliary tract function enzymes [49]. So, 
the increase in these enzymes level is more or less associated with the 
tissue necrosis related to the age along with exposure of pesticides. 
BChE is a nonspecific  cholinesterase  enzyme that hydrolyses many 
different choline-based esters and in humans, it is formed in the liver 

https://en.wikipedia.org/wiki/Cholinesterase
https://en.wikipedia.org/wiki/Choline
https://en.wikipedia.org/wiki/Ester
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Figure 7: a) Most and least significant pairs of exposures among all significant exposure pairs for all studied enzymes 
b) Most and least significant pairs of age groups among all significant age group pairs for all studied enzymes 

Figure 8: Most and least significant pairs of interactions among all significant age group pairs for ALP, LDH and SGOT
*Higher the rank more is significance.
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Figure 9: Most and least significant pairs of interactions among all significant age group pairs for GGT
*Higher the rank more is significance.

Figure 10: Most and least significant pairs of interactions among all significant age group pairs for CPK
*Higher the rank more is significance.

Figure 11: Most and least significant pairs of interactions among all significant age group pairs for BChE
*Higher the rank more is significance.
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and found mainly in blood plasma [50]. It scavenges even low doses of 
organophosphorus and carbamate pesticides and in this way helps the 
people in protecting from the toxic effects of these poisons [51].

In this study, while considering combined effect of exposure and 
age on enzymes levels, significant differences have been observed 
between control and age group 1 (19-26 yr) and exposure level 3 (3-4 
yr) and age group 1 (19-26) across the six enzymes except SGPT at 5% 
FWER (Table S8d, S9e). Most Significant differences of interactions 
(i.e. 79) are clustered at cluster no. 3 (Table S8c). BChE, GGT, ALP and 
SGOT fall in the same cluster. Butyrylcholinesterase assays can be used 
to detect exposure to organophosphorus or carbamate pesticides [52]. 
Several investigators have shown that enzymatic activities could be 
used as bioindicators for the toxicity of pesticides and heavy metals in 
vitro [53]. Butyrylcholinesterase is reliable and widely used biomarker 
of exposure to pesticides in occupational and clinical toxicology [54]. 
As a result of study on combined effect of age and exposure on studied 
enzymes level, it is interpreted that multiple combination of interaction 
of age and exposure affected the BChE, CPK and GGT. Other enzymes 
i.e. SGOT, LDH and CPK also observed to be affected under the 
combined effect of age and exposure while SGPT did not show the 
significant variation in its level.

Legitimately, due to reluctance of the pesticides factory workers 
to participate in this study and time constraints, this study resulted 
in a small sample size. Therefore, it was difficult to establish a causal 
relationship between pesticide exposure and changes in enzymatic 
parameters. This is in accordance with Corsini et al. in 2008 [55] and 
Aroonvilairat et al. in 2015 [56] who mentioned that the appraisal of 
toxicity of pesticides on the biological systems in workers exposed to 
several compounds was a very difficult task [56]. According to our 
study all the studied enzymes BChE, CPK, LDH, ALP, SGOT and GGT 
except SGPT are significantly affected by pesticides exposure, age of the 
workers and interaction of age and exposure. 

Conclusion
This study concludes that the workers of the pesticide formulation 

factories were mostly illiterate or having low level of education. They 
did not observe the precautionary measures for their safety. In Pakistan, 
peoples are lacking the information regarding affect of pesticides on 
human health and base-line information needs to be generated so that 
risk of exposure may be minimized. We observed that in studying the 
effect of pesticides on pesticides exposed workers, age of the exposed 
workers is also the important factor. The levels of all enzymes of 
exposed workers were significantly influenced with regard to their age 
and duration of exposure. Statistically, it has also been observed that 
BChE, CPK, LDH, ALP, SGOT and GGT showed significant variation 
due to the combined of effect of age and exposure. It is therefore, 
suggested that investigators should take care of both age and duration 
of exposure of subjects while considering the enzymes as biomarkers 
for toxicological effects of pesticides.
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