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Carbofuran, a potential environmental xenobiotic, has the ability to cross blood brain barrier and to adversely influence brain
functions. In the present study, the impact of carbofuran on the biophysical and biochemical properties of rat brain AChE has
been evaluated in vitro. This enzyme was membrane-bound which could be solubilised using Triton-X100 (0.2%, v/v), a nonionic
detergent, in the extraction buffer (50mMphosphate, pH 7.4).The enzymewas highly stable up to onemonth when stored at −20∘C
and exhibited optimum activity at pH 7.4 and 37∘C. AChE displayed a direct relationship between activity and varying substrate
concentrations (acetylthiocholine iodide (ATI)) by following Michaelis-Menten curve. The𝐾

𝑚

and 𝑉max values as computed from
the Lineweaver-Burk double reciprocal plot of the data were found to be 0.07mM and 0.066 𝜇mole/mL/min, respectively. The
enzyme exhibited IC

50

value for carbofuran equal to 6.0 nM. The steady-state kinetic studies to determine mode of action of
carbofuran on rat brain AChE displayed it to be noncompetitive in nature with𝐾

𝑖

value equal to 5 nm.These experiments suggested
that rat brain AChE was very sensitive to carbofuran and this enzymemight serve as a significant biomarker of carbofuran induced
neurotoxicity.

1. Introduction

Carbofuran (C
12
H
15
NO
3
; 2,3-dihydro-2,2-dimethyl-7-ben-

zofuranol methylcarbamate, molecular weight, 221.25), com-
monly known as Furadan, is a broad spectrum carbamate
pesticide which is used in various farm practices in order
to increase crop productivity. Due to its broad spectrum
action and short half-life in the environment, it is also
used as an insecticide, nematicide, and acaricide [1, 2]. The
presence of carbofuran is also reported in the nontarget
mammalian systems such as maternal plasma, umbilical
cord, and blood of African-American women and new born
babies, respectively [3]. It has been shown to be generally
accumulated in the fat depots and exerts adverse effects on
different vital organs such as brain, liver, skeletal muscles, and
heart [1, 4, 5].The neuronal injury of mammalian system due
to carbofuran is due to the establishment of oxidative stress
[6].

The underlying mechanism of pesticide toxicity relies
on generation of oxidative stress [7]. The administration of

carbofuran has been found to induce reactive oxygen and
nitrogen species in skeletalmuscles [8], which are responsible
for the peroxidation of membrane phospholipids which
disrupt the normal function of lipid bilayer and help develop
several pathological conditions.

The in vivo studies carried out by administering a sin-
gle sublethal dose of seven N-methylcarbamate pesticides
(carbaryl, carbofuran, formetanate, methiocarb, methomyl,
oxamyl, or propoxur) indicated pesticide mediated AChE
inhibition in the brain and red blood cells which recovered
within 24 h after the withdrawal of the pesticide [9]. The
earlier experimental results from our and other laboratories
have established that treatment of rats with carbofuran in
vivo was able to inhibit AChE activity and also to produce
oxidative stress in liver [4], brain [6, 10], kidney [11], and
erythrocytes [5, 12].

Acetyl cholinesterase (AChE, EC 3.1.1.7) or acetyl hydro-
lase is a serine protease that hydrolyzes the neurotrans-
mitter acetylcholine to be acetyl-S-CoA and choline. The
AChE molecule composed of two different protein domains,
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a large catalytic domain of about 500 residues and a small
C-terminal peptide of less than 50 resides [13], is a key
enzyme of nerve impulse transmission and is reported to
be negatively modulated by carbofuran. The AChE occurs
with high specific activity in the brain and nervous tissues,
as well as in the membranes of muscles and erythrocytes
[14]. AChE has been the focus of much attention since it was
first suggested that it plays an important role in the rapid
destruction of the neurotransmitter acetylcholine (ACh), in
a living system [15]. The catalytic properties, occurrence of
AChE, its histochemical localization, catalytic functions, and
molecular heterogeneity in different tissues of various animal
species have been extensively studied [16–20].

However, the systematic and detailed studies concerning
the localization as well as biochemical properties of AChE
with special reference to its interaction in vitro have not
been properly carried out. In the present paper, the aforesaid
properties of rat brain AChE have been determined in vitro
with special attention to its steady-state kinetics explaining
sensitivity of enzyme to carbofuran and its mode of action
influencing the enzyme behavior which have been illustrated.
The results indicated that rat brain AChE could be exploited
as a suitable biomarker of pesticide induced neurotoxicity.

2. Materials and Methods

2.1. Chemicals. S-Acetylthiocholine iodide (ATI) was ob-
tained from Tokyo Chemical Industry Co. Ltd., Japan, and
5, 5-dithiobis (2-nitro benzoic acid) (DTNB) was purchased
from SRL Pvt. Ltd., India. Triton X-100 was purchased
from Merck, India. The bovine serum albumin (BSA),
sodiumdihydrogen orthophosphate, and disodiumhydrogen
phosphate were procured from Fisher Scientific. Folin and
Ciocalteu’s phenol reagent was from Spectrochem Pvt. Ltd.,
India. All other chemicals used were of analytical grade.

2.2. Animals. Three male albino rats of same age group,
weighing 180–210 g, were selected for all these experiments.
Animals obtained from CDRI, Lucknow, India, were housed
in propylene cages at 30 ± 5∘C and 45 ± 5% relative humidity
with 12 h of light and dark cycle. Animals were fed with
standard rat feed available commercially with free access
to water. Protocols for care and maintenance of the rats
were strictly followed as per the guidelines approved by the
institutional ethical committee.

2.3. Collection of Brain Tissues and Preparation of Homo-
genates. The healthy rats were sacrificed using mild chlo-
roform anesthesia and cervical dislocation causing minimal
pain. The whole brain was quickly excised, washed with
isotonic ice cold NaCl (0.9%, w/v) solution, blotted to
dryness, and weighed. The brain tissue homogenate (10%,
w/v) was made in 50mM sodium phosphate buffer (pH
7.4) with and without Triton X-100 (0.2%, v/v) using Potter-
Elvehjem homogenizer fitted with a Teflon coated pestle
under ice cold condition (4–6∘C). The homogenates were
centrifuged at 9000×g for 30min using REMI refrigerated
centrifuge. The supernatants were removed and the pellets

were reconstituted in equal volume of homogenizing buffer.
Both the supernatants and the pellets suspensions were used
for protein estimation and determination of AChE activity.
The soluble fraction was assayed for detailed characterization
of enzyme including its interaction with carbofuran in vitro.

2.4. Determination of Protein. The protein was estimated in
different fractions of rat brain using Folin and Ciocalteu’s
phenol reagent [21]. The bovine serum albumin was used
as an standard. The absorbance of blue color complex was
monitored at 620 nm.

2.5. Assay of Rat Brain Acetylcholinesterase Activity. The
activity of rat brain AChE was determined by the method
of Ellman [22].The 3mL reaction mixture contained 0.5mM
ATI, 0.5mM DTNB, and 50mM phosphate buffer (pH 7.4).
The change in absorbance of light wasmeasured at 412 nm for
3min at regular intervals of 30 sec using UV-Visible double
beam spectrophotometer (Thermo Scientific Spectroscan
UV 2700). The extinction coefficient (13.6 × 103M−1 cm−1)
was used for calculation of the enzyme activity. It was
expressed as units (U), that is, 𝜇moles of acetylthiocholine
(ATI) hydrolyzed mL−1min−1. The substrate or enzyme
blanks, respectively, were without substrate or enzyme. The
experimental observations were corrected by subtracting the
absorbance min−1 recorded in controls.

2.6. Effect of Substrate on Enzyme Activity. To determine the
effect of substrate concentration on the activity of enzyme,
the enzyme (100 𝜇g) was assayed at varying substrate (ATI)
concentrations at the room temperature (26 ± 2∘C) and
the Michaelis-Menten constant (𝐾

𝑚
) and maximum velocity

(𝑉max) were computed.

2.7. Determination of Effect of Incubation Time on Carbofuran
Induced Inhibition of Enzyme. The 100 𝜇g enzyme was added
with 2 nM carbofuran and assayed for its residual activity
at different time intervals (0min to 120min) at room tem-
perature (26 ± 2∘C). The enzyme activity recorded at these
time points in absence of carbofuran served as controls.
The zero time reaction refers to the reaction rate measured
immediately after mixing the enzyme with other reagents.

2.8. Determination of IC50 Value for Enzyme Inhibition by
Carbofuran. The 100 𝜇g enzyme was used to monitor the
residual activity by assaying it in the presence of varying con-
centrations of carbofuran. The control set of reaction did not
contain carbofuran and the activity recorded was considered
as 100%. The IC

50
value was calculated by extrapolating the

data.

2.9. Determination of Mechanism of Inhibition of AChE by
Carbofuran. The 𝐾

𝑖
and 𝑉max values were determined by

assaying the enzyme (100𝜇g) at varying concentrations of
ATI in the absence and presence of carbofuran (2.0 nM)
and plotting the graph using inverse of rate of reaction and
substrate concentrations on 𝑌- and 𝑋-axes, respectively. The



Advances in Biology 3

Table 1: Extraction of rat brain acetylcholinesterase.

Extraction buffer Fractions Total activity (𝜇mole/mL/min) Total protein (mg)

Phosphate buffer (50mM, pH 7.4) Supernatant 0.165 7.75
Pellet 0.562 3.05

Phosphate buffer with Triton X-100 (0.2% v/v) (50mM, pH 7.4) Supernatant 0.990 15.75
Pellet 0.275 1.20

One unit of the activity of AChE has been defined as the micromoles of substrate hydrolyzed per min per mL.

intersections by the straight line at the 𝑌- and at the 𝑋-axes,
respectively, of the Lineweaver-Burk’s double reciprocal plot
were used for calculations of the above parameters.

2.10. Determination of 𝐾
𝑖
of Carbofuran. The mechanism

of inhibition of enzyme by carbofuran was determined
by assaying the enzyme as described in Section 2.9. The
following formulae were used: 𝑉max + 𝐼 = 𝑉max − 𝐼/1 + [𝐼]/𝐾𝑖
or𝐾
𝑚
+𝐼 = 𝐾

𝑚
/1+[𝐼]/𝐾

𝑖
, where𝑉max+𝐼 and𝑉max−𝐼 are the

maximal velocities of reactions in the presence and absence
of carbofuran. Similarly,𝐾

𝑚
+𝐼 and𝐾

𝑚
denote the𝐾

𝑚
values

in the presence and absence of carbofuran. [𝐼] represents the
concentration of inhibitor used, that is, 2.0 nM. The 𝐾

𝑖
value

may also be calculated using 𝐾
𝑖
= IC
50
/1 + [𝑆]/𝐾

𝑚
.

2.11. Statistical Analysis of Data. Statistical analysis of data
was performed using Graph Pad Prism version 6 for win-
dows. All values were expressed as mean standard deviation
of 3 observations.

3. Results

3.1. Localization of AChE from Rat Brain. In order to localize
the enzyme protein from the rat brain, one part of the tissue
was treated with Triton X-100 (0.2%, v/v), a nonionic deter-
gent, in phosphate buffer (50mM, pH 7.4) to solubilise the
membrane-bound protein. It was observed that the detergent
solubilised fraction containedmore enzyme activity than that
of without detergent.The results of this experiment indicated
that AChE in rat brain was membrane-bound. The quantity
of protein was also found to be higher in the soluble fractions,
the values being 3.15mg/mL protein as against 1.55mg/mL in
the fraction not treated with the detergent. The pellet with
Triton X-100 contained 1.20mg/mL against 3.05mg/mL in
the fraction obtained without treatment with the detergent
(Table 1).

3.2. Effect of Low Temperature (−20∘C) on the Stability of
Enzyme Activity. The effect of low temperature (−20∘C) was
studied on the activity of rat brain AChE by storing the
enzyme at this temperature and assaying for its activity using
100 𝜇g protein at the interval of 7 days. The data summarized
in Table 2 demonstrated that the enzyme did not lose any
activity up to 30 days.

3.3. Impact of Optimum pH for the Rat Brain AChE. The
enzyme was assayed at constant concentration of substrate
(0.5mM) and enzyme (100 𝜇g) for the determination of pH

Table 2: Stability of rat brain AChE activity.

Days % AChE activity remaining AChE activity
0 100 0.132000
7 100 0.132000
14 99.8 0.131736
21 99.8 0.131736
28 99.5 0.131340
30 99.5 0.131340
Effect of storage time at −20∘C on the activity of AChE from rat brain was
observed by carrying out the enzyme assay employing 100𝜇g protein on
different days as described in Section 2.The enzyme was stored in phosphate
buffer (50mM, pH 7.4) containing 0.2% Triton X-100.

Table 3: Effect of pH on the rat brain AChE activity.

pH Activity (𝜇mole/mL/min)
3.6 0.06
5.0 0.07
6.3 0.07
7.4 0.13
9.2 0.11
10.0 0.08
Effect of pH at room temperature (26 ± 2∘C) on the activity of AChE from
rat brain was observed by carrying out the enzyme assay employing 100𝜇g
protein at different pH of different buffers (sodium acetate buffer for pH 3.6
and 5.0, sodium phosphate buffer for pH 6.37 and 7.4, and carbonate buffer
for pH 9.2 and 10.0) as described in Section 2. The enzyme was stored in
phosphate buffer (50mM, pH 7.4) containing 0.2% Triton X-100.

optima at room temperature (26 ± 2∘C).The different buffers
used were sodium acetate buffer for pH 3.6 and 5.0; sodium
phosphate buffer for pH 6.37 and 7.4; carbonate buffer for pH
9.2 and 10.0 as described in Section 2. The results presented
in Table 3 demonstrated that the enzyme exhibitedmaximum
activity at pH 7.4.The enzyme assayed in buffers of higher pH
values displayed inhibitory effect.

3.4. Effect of Optimum Temperature for the Rat Brain AChE.
The enzyme was assayed at constant concentration of sub-
strate (0.5mM) and enzyme (100 𝜇g) at pH 7.4 by incubating
the enzyme at different temperatures for 5min for the deter-
mination of temperature optima as described in Section 2.
AChE from rat brain was found to exhibit optimum activity
at 37∘C.The increase in temperature, however, caused gradual
loss in its activity of enzyme (Table 4).
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Table 4: Effect of temperature on the rat brain AChE activity.

Temperature (∘C) AChE activity (𝜇mole/mL/min)
4 0.057
10 0.072
20 0.072
37 0.096
40 0.087
50 0.061
60 0.008
75 0.005
Effect of varying temperatures on the activity of AChE from rat brain was
observed by carrying out the enzyme assay employing 100𝜇g protein at pH
7.4 of phosphate buffer as described in Section 2. The enzyme was stored in
phosphate buffer (50mM, pH 7.4) containing 0.2% Triton X-100.

3.5. Effect of Substrate Concentration on the Activity of Rat
Brain AChE. In order to evaluate the effect of substrate (ATI)
concentration on the activity of the enzyme, 100 𝜇g of protein
was usedwith varying concentrations of the substrate (ATI) at
room temperature (26 ± 2∘C). The enzyme activity indicated
a direct correlation with the substrate displaying a hyperbolic
curve (Figure 2(a)). When the data was extrapolated using
inverse of rate of reaction (V) and the substrate concentration
[𝑆], a straight line was obtained which intersected at 𝑌- and
at the negative abscissa of 𝑋-axes. The calculated 𝑉max and
𝐾

𝑚
values were found to be 0.066𝜇molesmL−1min−1 and

0.07mM, respectively.

3.6. Effect of Carbofuran on the Rate of Reaction Catalyzed
by Rat Brain AChE. The effect of carbofuran on the rate
of reaction catalyzed by rat brain AChE was determined
by assaying the activity in the presence of different con-
centrations of carbofuran (0–200 nM). The results indicated
consistent decrease in enzyme activity. After extrapolation of
the data using percent residual activity and the carbofuran
concentrations on 𝑌- and𝑋-axes, respectively, the IC

50
value

of this pesticide for rat brain enzyme was found to be 6.0 nM
(Figure 3 and Table 5).

3.7. Time Dependent Impact of Carbofuran on the Rate of
AChE Catalyzed Reaction. In order to evaluate the effect of
incubation time on the carbofuran induced inhibition of the
activity AChE from rat brain at room temperature (26 ± 2∘C),
the enzyme (100𝜇g)was assayed at different durations in both
the absence and the presence of the carbofuran (2.0 nM).
The enzyme activity in the absence of pesticide acted as
a control. The results presented in Figure 1 demonstrated
that the enzyme activity did not change with increasing
duration of incubation in the presence of carbofuran when
compared at zero time point. The results also demonstrated
that carbofuran at this concentration (2.0 nM) caused sharp
inhibition of the enzyme. However, in the absence of the
pesticide, the enzyme activity was fund to be highly stable at
room temperature as it did not show any decrease in activity
at increasing incubation time up to 60min under similar
assay conditions (Figure 1).
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Figure 1: Effect of carbofuran (2 nM) on the activity of AChE
from rat brain with respect to the varying incubation time at
room temperature (26 ± 2∘C). The enzyme assay was carried out
employing 100 𝜇g protein using the procedure as described in
Section 2. The results indicate the average values of three indepen-
dent experiments. The enzyme in the absence of carbofuran served
as a control and did not show any decrease in activity. +𝐼 and −𝐼
demonstrate the activity of AChE in the presence and absence of
carbofuran.
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Figure 2: Effect of substrate (ATI) on the activity of AChE
from rat brain was observed by assaying the enzyme at varying
concentration ATI at room temperature (26 ± 2∘C) as described in
Section 2 employing 100 𝜇g protein (a).The𝐾

𝑚

and𝑉max values were
calculated using the intersection of the straight line at 𝑌-axis and
at the negative abscissa on 𝑋-axis, respectively (b). [𝑉] is rate of
reaction and [𝑆] is substrate concentration.

3.8. Determination of Mechanism of Inhibition of Enzyme
by Carbofuran. The results from the previous experiments
indicated that carbofuran was causing significant inhibition
of rat brainAChE. It was therefore envisaged to determine the
mechanism of enzyme inhibition by carbofuran by assaying
the enzyme (100 𝜇g) using varying substrate concentrations
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Table 5: Determination of IC
50

value of carbofuran for rat brain
AChE.

Carbofuran
(𝜇M) % AChE activity remaining Activity

(𝜇mole/mL/min)
0.00 100.00 0.1085
0.01 45.7841 0.04963
0.02 40.6919 0.04411
0.05 37.131 0.04025
0.10 32.048 0.03474
0.20 21.3192 0.02311
Effect of varying concentrations of carbofuran on the activity of AChE from
rat brain was observed by carrying out the enzyme assay employing 100𝜇g
protein at pH 7.4 of phosphate buffer as described in Section 2. The enzyme
was stored in phosphate buffer (50mM, pH 7.4) containing 0.2% Triton X-
100.
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Figure 3: Determination of IC
50

value of carbofuran for rat brain
AChE using the data from Table 5.

in the absence and presence of the pesticide (2.0 nM). The
Lineweaver-Burk double reciprocal plot of the data displayed
two straight lines parallel to each other intersecting at
different points on 𝑌- and 𝑋-axes, respectively. Using the
formula as shown in Section 2.10, 𝑉max + 𝐼 (𝑉max value in
the presence of carbofuran) and 𝐾

𝑖
were calculated, with

the values being 0.05𝜇mol/mL/min and 5 nM, respectively
(Figure 4).

4. Discussion

The hydrolysis of the neurotransmitter acetylcholine (Ach)
to acetic acid and choline by AChE is essential for the
transmission of normal nerve impulses at the synapse. The
adverse effects of carbofuran in the occupationally exposed
people while working in carbofuran infested environments
make it imperative to study the impact of carbofuran using
the activity of AChE as a marker. AChE is known to be
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Figure 4: Determination of inhibitory action mechanism of car-
bofuran of AChE. The enzyme (100 𝜇g) was assayed at varying
concentration ATI at room temperature (26 ± 2∘C) in the absence
(e) and presence (◼) of carbofuran (2 nM) as described in Section 2.
The 𝐾

𝑖

and 𝑉max values were calculated using the intersections
of the straight line at 𝑌- and at the negative abscissa on 𝑋-axes,
respectively.

responsible for regulating the cholinergic functions and
physiological activities of living systems.

The results of the present study indicated that AChE in
rat brain was membrane-bound and it could be solubilised
by a nonionic detergent, Triton X-100. The extraction and
solubilisation of AChE have been made by many workers
using various detergents as solubilising agents in both the
presence (0.14M) [23] and the absence of low concentration
of NaCl [24]. It has been reported that mainly the hydropho-
bic and electrostatic forces are responsible for binding of
the AChE with the biological membrane. Possibly, the effect
of NaCl is to weaken the electrostatic interactions with
membrane proteins that shields some part of the enzyme
from the action of the detergent. Thus, NaCl facilitates a
more effective attack of the detergent on the membrane
helping in release of more membrane-bound enzyme in
the soluble fraction. There are some reports which suggest
that even by this treatment solubilisation of AChE is not
completely achieved while using a combination of Triton X-
100 and NaCl. These findings suggest more tightly bound
nature of protein to the membrane. Also, there is a pos-
sibility that the enzyme would be shielded by such layers
of macromolecules which make actions of Triton X-100
and NaCl ineffective. Other explanations to the resistance
offered by enzyme towards solubilisation could be due to
the presence of different molecular forms of enzyme with
different modes of membrane anchorage. However, some
enzyme activity was observed in the fraction without using
TritonX-100 in the extractionmedium.This could be because
of release of some amount of membrane-bound enzyme due
to grinding of the tissues during homogenization process
[25]. Recently, acetylcholinesterase has been shown to exist
only as membrane-bound form in the human erythrocytes
[26].
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This enzyme was highly stable until 30 days without any
significant loss in activity when stored at −20∘C carrying
out the enzyme assay employing 100𝜇g protein on different
days as shown in Table 2. Similar findings have also been
reported for the stability of acetylcholinesterase from human
erythrocytes [26].

The activity of rat brain AChE showed optimum activity
at pH 7.4 and 37∘C. Almost similar results have been pre-
sented by Padilla et al. [9]. However, the optimal pH and
temperature requirements vary from one living system to
another and also from one organ to another in the same
living system. AChE from rat brain possessed Michaelis-
Menten constant (𝐾

𝑚
) value for its substrate (ATI) equal to

0.07mM. Khandkar et al. [27] have reported 𝐾
𝑚
value for

humanAChE to be 0.98mM, which is very high as compared
to that in rat brain as reported in the present study. Roy and
Chaudhuri [28] have reported 𝐾

𝑚
value for AChE isolated

from different parts of the rat brain; the values were 2.63,
4.54, and 5.0mM for AChE of cerebrum, hypothalamus, and
cerebellum, respectively. The present study has included the
𝐾

𝑚
value (70 𝜇M) for the total AChE isolated from all parts

of the rat brain. However, the𝐾
𝑚
values reported by Roy and

Chaudhuri [28] are about 37–70-fold higher; the reasons for
that are not clear. In another study, Jadhav et al. [29] have
shown𝐾

𝑚
value for AChE from rat brain to be 59 𝜇M, which

is quite close to that obtained in the present study.
The IC

50
value of carbofuran for AChE from the rat brain

was found to be 6.0 nM. Smulders et al. [30] have reported
IC
50

values for rat brain AChE using different pesticides
of organocarbamate group. The values recorded indicated
that the potency order of these carbamates to inhibit rat
brain acetylcholinesterase is bendiocarb > propoxur, aldicarb
> carbaryl ≫ S-ethyl N,N-dipropylthiocarbamate (EPTC),
fenoxycarb with IC

50
values ranging from 1M for bendiocarb

to 17M for carbaryl, and ≫1mM for EPTC and fenoxycarb.
The IC

50
value of carbofuran for AChE isolated from ery-

throcytes of rat was 33 nM [30]. IC
50

values for different
carbamates vary depending on their molecular size. The
variations in the IC

50
value from 33 to 307 𝜇M for different

carbamate inhibitors could be partly due to different tissues
and experimental conditions employed such as temperature,
pH, and incubation time [31]. Analysis of agricultural prod-
ucts in India showed contamination with pesticide residues.
Data for pesticide residues from selected fields are being
generated by various agricultural universities and Indian
Council of Agricultural Research Institutions in the country
(ICARs).The percent presence of pesticide residues observed
in the samples was found to be 60.6 for carbofuran. For
carbofuran the pesticide residues was detected, reported to
be in the range of 50–1200 ng/lit. The pesticide residues have
also been reported to be present in nonagricultural products
for public consumption like meat, fish, and milk.

In the present investigation, carbofuran displayed inhi-
bition of rat brain AChE in noncompetitive manner with
𝐾

𝑖
value being 5 nM, thereby reducing the 𝑉max value with

an unchanged substrate affinity to the enzyme, that is, 𝐾
𝑚

value. Since 𝑉max changes and 𝐾
𝑚

remains constant, the
ratio of 𝐾

𝑚
/𝑉max gives rise to straight lines corresponding to

the uninhibited and inhibited reactions in Lineweaver-Burk

double reciprocal plot. This kind of inhibition of rat brain
AChE suggested that carbofuran was binding somewhere on
the surface of the enzyme protein and thereby influencing the
catalytic pocket in a way to reduce the velocity of reaction
without influencing the affinity. The action of carbofuran
in the biological systems is mediated through binding with
the hydroxyl group of serine residue located at the enzyme’s
active site. The noncompetitive inhibition by carbofuran
suggests that it has other interaction sites different from the
catalytic sites in the enzyme. It could be further ascertained
by performing detailed investigation using suitable bioinfor-
matics tools. However, the presence and role of serine residue
in the active site pocket responsible for the enzyme catalysis
could be ascertained by the site directed mutagenesis.

5. Conclusion

Rat brain AChE was found to be membrane-bound which
could be solubilised by using Triton X-100, a nonionic
detergent. The significant inhibition of AChE activity in rat
brain by carbofuran indicates that the compound even at very
low concentration (𝐾

𝑖
5 nM) is extremely neurotoxic to the

mammals. Interestingly, carbofuran was able to significantly
reduce AChE activity with respect to increasing incubation
time for enzyme-inhibitor complex. Similar to the results
from other studies, this investigation also suggests that rat
brainAChE contains at least one serine residue at the catalytic
pocket which is carbamylated by carbofuran causing inhibi-
tion of the enzyme in a noncompetitive manner. This event
results in reduction of the maximum velocity of reaction
(𝑉max) but there is any impact of affinity of enzyme to the
substrate.The results of this study clearly indicated that AChE
from rat brain might serve as a biomarker of carbofuran
induced toxicity in those occupants staying in pesticide
infested environment.
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