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Abstract

Background: Malathion is an organophosphate insecticide and is the most appropriate one used widely
in the world. Organophosphate insecticides cause a specific biochemical defect in the body. A major
cause of this wastage is inhibition of cholinesterase (ChE) enzyme.

Objectives: This study was conducted to determine the optimal dose of the pesticide malathion which
inhibited 50% of ChE enzyme.

Materials and Methods: An experimental study was conducted on 18 male rats weighing 180-
250 g. The rats were randomly divided into 6 groups. The Ellman method was used to measure the
acetylcholinesterase (AChE) enzymatic activity. Doses 0, 25, 50, 100, 200 and 400 mg/kg of pesticide
malathion was tested on rats to determine the dose of the pesticide malathion with 50% inhibition of the
ChE enzyme, at 24, 48, and 72 hours. According to these data, Emax model was fitted, then the median
effective doses of the pesticide malathion were estimated at different time intervals, separately.
Results: Based on the reduction Emax model, the optimal dose 29.14 mg/kg was determined at 72 time
point.

Conclusion: Using the mixed effect Emax model instead of the multiple comparison methods, such
analysis of variance was suggested to determine the optimal dose of organophosphates such as malathion,
which provide more accurate results.
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Background

Organophosphate insecticides cause specific biochemical
lesions in the human body and the main cause of this
wastage is inhibition of cholinesterase (ChE) enzyme
(1). Studies on pesticide malathion and its effect on the
inhibition of ChE showed that organophosphates such
as malathion increase acetylcholine by inhibiting ChE
enzyme and so cause incitement of muscarinic receptor
and nicotine (2). The symptoms of acute inhibition of
acetylcholinesterase (AChE) in the human body include
tearing, increased salivation, mydriasis, bradycardia
and reduced blood pressure which can lead to coma
and neuropathy (3). Malathion is an organophosphate
insecticide widely used in the world (4). Studies on
the impact of the pesticide malathion on the plants
showed that in greenhouse vegetables organophosphate
insecticides such as malathion is used to fight with the
pests. On the other hand, there are concerns about the
remnants of the toxins in the plant in such a manner
that the accumulations of toxins in the food, directly or
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indirectly, threaten the human health. The World Health
Organization (WHO) has determined standard level about
the residue of pesticide as a benchmark which reflects the
importance of determining the dose of toxins (5). In some
studies, to determine the optimal doses of the pesticide
malathion, the laboratory and approximate methods have
been used; however, these methods set a dose regardless
of error term. Therefore, the high accuracy of laboratory
methods is under question (6). In most studies conducted
to determine optimum doses of the pesticide malathion,
multiple comparison procedures were used (7). One of
the major concerns in empirical studies such as toxicology
is to find an effective dose for enzymatic activity. A
part of toxicology is to determine the dose required
for pesticides in agriculture. Various pesticides are used
in agriculture, but in most cases the effective dose of
toxins is determined without dose-response model. Many
factors can be observed in toxicology studies and analysis
of wvariance (ANOVA) is typically used to determine
an appropriate dosage. ANOVA method may be used
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to compare doses with each other by amateurs, but it
is not appropriate for determining the effective dose.
Correlation structures between observations should be
noticed to select the appropriate dose-response model.
For this reason, a mixed effect £, _model is used instead
of E . In this study, mixed effect E _model was used
to determine the optimal dose of pesticide malathion
that is an organophosphate insecticide. In addition, it is
used widely in the food industry and agriculture (8). The
appropriate tests for this method are Dunnett and Scheffe
tests. The interpretation and application of the method is
simple but the levels of dose should be limited (9,10). The
aim of this study was to determine the median effective
dose of the pesticide malathion using the dose-response
model, namely mixed effect £ model. Determining
the effective dose plays an important role in power of
medication (toxin) and the lowest median effective dose
shows the great power of toxin. The dose-response
studies are commonly used in parallel scheme (11). To
determine the median effective dose, parallel scheme
can be used as fitted model in linear, quadratic, £, , log-
linear and logistic models (12). In this study, the dose-
response models were used for determining the median
effective dose of pesticide malathion. Inhibition of the
ChE enzyme in the body of rats was used directly to fit
the dose-response models. In addition, the influence of
parameters such as time, and dose of malathion, has been
investigated on the median effective dose.

Materials and Methods

The study was an experimental one, which was conducted
on 18 male rats weighing 180-250 g. The rats were divided
into 6 groups by simple random allocation. They were
purchased from animal house of Hamadan University
of Medical Sciences. Before the start of the study, the
rats were acclimatized for a period of 7 days to standard
environmental conditions such as temperature (25+£2°C),
relative humidity (45%-55%), and 12-hour dark/light
cycle. All chemicals were purchased from Sigma—Aldrich
Co.

Measuring the Activity of Acetylcholinesterase Enzyme

In this study, in order to measure the activity of ChE,
we used the Ellman method in blood (13). To this end,
3 cc of dithiononitrobenzoic acid (DTNB) solution
and 100 mL of acetylthiocholiniodide as substrate were
poured in a test tube and placed in a water bath at 37°C
for 30 seconds. Then, 100 uL. of sample hemolysis was
added to the test tube and 100 L. of distilled water was
added to the control tubes without any change in volume.
Then, it was placed in the bath at 37°C for 10 minutes.
Afterwards, 1 cc of hyamine was added to the tube and
its absorption was detected at a wavelength of 440 nm in
the spectrophotometer against a control sample without
hemolysis. OD of each sample was read for 3 times

within 30 seconds and the mean of 3 numbers read at
factors 87/17 were multiplied (13). Animals were kept
in animal house with free access to food and water, on
a 12 hours light/dark cycle. To determine the dose of
the pesticide malathion with 50% inhibition of the ChE
enzyme, doses of 0, 25, 50, 100, 200 and 400 mg/kg of
spraying malathion at 24, 48, and 72 hours were tested on
rats. In this study, the dose-response models were used
with parallel method.

Mixed Effect E__Model

Mean, standard deviation and scatter plot were used to
describe the results. Since there were multiple observations
per rat and within-rat response effect, a mixed effect £

model was used to describe and analyze individual dose-
response curve as follows:

D?xE .
Y. =E,+—————+¢, 1
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where, #&{1, 2, ..
je{1,2,3} denotes the observaton number for a rat

., 18} denotes the rate number;

corresponding to 24, 48, and 72 time points; Y, denotes
the response of rat 7 and observation j; N denotes the
slop factor (Hill factor), and set to an initial value of 2; Dﬂ
denotes the dose of malathion for rat 7 and observation
Ji E,, denotes the zero dose response for rat 7 set to an
initial value of 3; F£ denotes the maximum attributable
malathion effect for rat 4 set to an initial value -9; ED_
denotes the dose, which produces half of E _, set to
an initial value of 15; and €, ~ normal (0,6°) denotes the
random error term for rat , observation ;. This study
assumes individual variation for E, ED, , and Emax in
equation 1. If the value of parameter E  is negative,
we face with a reduction in E _ model in that the
response rate decreases with dose increase (14). Iteration
methods were used to estimate the mixed effect E
model based on the minimization of the residual sum of
squates. There are several iterative methods, from which
Marquardt iterative method was used in this study. Proc
NLMIXED in SAS was used to estimate the mixed effect
E __model parameters. Analysis of the data in this study
was performed using the R software version 3.1.2.

Results
The results of descriptive critetia for AChE activity (U/L)
are provided in Table 1 at separate time points.

Scatter plots for the dose of malathion against the
AChE activity in separate times are presented in Figure
1, indicating that the relationship between dose and
response is similar to decreasing mixed effect £, _model.

Modeling of malathion against the AChE activity in
separate times showed that the AChE activity reached
the lowest level after 72 hours. The results of the mixed
effect I, model for the data and overall estimation of
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Table 1. Descriptive Statistics of AChE Activity (U/L, mean + SD) at
Different Times

Table 2. Estimated Parameters of Mixed Effect E_ Model in the
Separate Times (h)

Time (h) Time (h)
Dose (mg/kg) 24 43 — Parameter 24 8 —
0 7.01 £0.36 6.74 +0.21 7.11+£0.20 E, 7.11 7.10 7.05
25 6.35 +£0.03 5.83 £0.47 4.95 + 0.54 ax -4.89 -4.75 -4.31
50 5.57 £ 0.06 5.40 = 0.09 4.45 + 0.06 ED,, 98.21 80.03 29.14
100 4.29 +0.20 3.64 = 0.05 3.91 +0.50
200 429 +0.16 3.10+£0.20*  3.50 +0.48* .. .

strength of pesticide at this time compared to any other

400 3.16 £ 0.01*  2.86 +£0.08*  2.67 +0.02*

*Significantly different from control group at P < 0.05.

parameters were £, =7.05, E =-4.31 and ED_ =29.14,
in which E, represents base effect, E  represents a
maximum change to the base effect, and ED,, (optimal
dose or median effective dose) represents dose seen to
inhibit 50% of the ChE activity. The amount ED_=29.14
(mg/kg) was obtained in 72 time point.

Discussion

The aim of this study was to determine the optimal dose of
pesticide malathion on inhibition of ChE enzyme activity
in rats using dose-response models. In this study, Emax
models were fitted to the data. The plots for doses of
malathion against AChE activities in separate time points
showed an inverse relationship (Figure 1). The dose-
severity relationships for acute exposure to malathion are
of considerable importance because several acute hazard
quotients discussed in the risk characterization exceed 1
by a substantial margin (15). E models are preferred to
other statistical models. Considering the fitted E,_model,
parameters were negative, as we dealt with a decreasing
E modelso that the rate of response was deduced; while
increasing the dose of AChE reduced inhibitor. In Table
2, the result of E = model suggests that the best estimate
of median effective dose of the pesticide malathion was
obtained at 72 time interval, which reflects the superior
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time. In other words, we observed 50% inhibition of the
AChE enzyme activity with dose 29.14 of the pesticide
malathion at 72 hours and it was shown that pesticide
malathion at the dose of 29.14 at 72 hours had maximum
effect in 50% inhibition of the AChE enzyme activity.
So far many studies were conducted in the toxicology
field and the dose of organophosphate pesticides, with
50% inhibitory effect on AChE activity, were determined.
However in most of these studies, the median effective
dose was achieved by observational methods, regardless
of dose-response model. Among these studies, a study
was conducted by Fulton and Key which investigated
the combined effects of organophosphate pesticides on
fish and invertebrates in inhibiting the ChE enzyme. In
this study, to determine the dose of pesticide with 50%
inhibitory effect on AChE in fish body and invertebrates,
laboratory and observational methods were used without
considering the amount of error at any estimate (10).
However in our study, the median effective dose of the
pesticide malathion in inhibition of the AChE enzyme
was estimated by dose-response models with high
accuracy. Ritz studied an integrated approach for dose-
response model in ecotoxicology (17). Animal studies
suggest that acute doses (up to 20 mg/kg BW) might not
be associated with severe adverse effects; however, their
usefulness in characterizing human exposure is under
question. Moreover, 20 mg/kg BW dose is quite close
to the lowest reported lethal dose in humans which is 56
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Figure 1. The scatter plots for the dose of malathion (mg/kg) against the AChE activity (U/L) at separate times (hours)
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mg/kg BW. Although individuals survived doses of up
to 1400 mg/kg BW; survival depended on prompt and
effective medical intervention. Within the context of the
current Forest Service risk assessment, doses greater than
or equal to 56 mg/kg BW are regarded as potentially but
not necessarily lethal (15). In this study, they reviewed the
dose-response models that were used in ecotoxicology.
They used the log logistic and Weibull models fitted
to the data and finally concluded that the response
evaluation is necessary before statistical analysis to avoid
preprocessing and normalization. But in a study by Pope
and Chakraborti in determining the dose that inhibited
50% of AChE activity in the brains of newborn and
adult rats after exposure to organophosphate pesticides,
to determine the median effective dose of the pesticide,
plot of the logarithm of dose against the percent of
inhibited enzyme was used (18). In the present study,
the quadratic and E_dose-response models were used
and transformation was not used before estimating the
effective dose.

In Ramos and colleagues’ study (19), the impact of
malathion on ChE activity was investigated in rats. The
effect of malathion on ChE inhibition in both acute and
chronic groups in term of duration and toxin injection
in doses of 25, 50, 100 and 150 mg/kg was examined
by the statistical method of multiple comparisons. They
concluded that ChE inhibition in the acute group with
lower injection was not significant and in chronic group
high injection was significant. The dose that inhibited
50% of AChE activity was not determined in Ramos
and colleagues’ study. In that study, it was only noted that
two doses of 100 and 150 mg/kg have the maximum
inhibition of AchE in rats. While in this study, we used
dose-response models to determine the dose of pesticide
Malathion that inhibited 50% of AChE activity using the
mixed effect E, _model in addition to increasing accuracy
in estimated dose followed by less harm to organisms.

In these studies, E; _can be used for risk assessment,
based on observed AChE activity. Then, oxon is the active
AChE inhibiting metabolite of malathion and is more
potent than the parent. In the acute group, the endpoints
of concern in the ecological risk assessment are similar
to those discussed in the human health risk assessment,
that is, AChE inhibition. Although standard toxicity
studies may demonstrate other toxicological endpoints,
neurotoxicity is the critical effect on which the ecological
risk assessment is based. The available information on
the toxicity of malathion to experimental mammals is
used to assess effects in non-target terrestrial mammals
for the ecological risk assessment. Dose studies such as
E, _ evaluation help to estimate the risk associated with
hazardous materials such as pesticides.

The use of dose-response models to estimate the
median effective dose of organophosphate insecticides
such as malathion, which is used in agriculture, and to

determine the most effective dose of the least harm to
the health of organisms including humans, is of great
importance. In our study, there were limitations on sample
size (number of rats), the number of doses selected, and
concentrations of pesticide malathion.
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