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Abstract

Cholinesterases are divided into two classes based on differences in their substrate specificity and tissue distribution:
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). These enzymes may be inhibited by several compounds, such
as antidepressants. The antidepressants paroxetine, imipramine, clomipramine and sertraline inhibited both venom AChE as
well as human serum BChE in a concentration-dependent manner but had no effect on AChE in the rat brain striatum. The IC5,
of venom calculated for imipramine was 0.3 mM, paroxetine 0.38 mM, clomipramine 0.34 mM and sertraline 0.35 mM.
Analysis of kinetic data indicated that the inhibition caused by sertraline and paroxetine was mixed, i.e. K, values increased and
Vmax decreased in a concentration dependent manner. Imipramine and clomipramine exhibited competitive inhibition, i.e. K,
values increased and V,,,, remained constant. The present results suggest that these therapeutic agents used for depression can
also be considered as inhibitors of snake venom and human serum cholinesterase.

Keywords: Anudepressant, cholinesterase, snake venom, human serum, rat striatum, inhibitors

Introduction

Cholinesterases are divided into two classes based on
differences in their substrate specificity; acetylcholin-
esterase or “true cholinesterase” (AChE; acetylcholine
acetyl hydrolase, E.C.3.1.1.7) and butyrylcholinester-
ase (BChE; acyl choline acylhydrolase, E.C.3.1.1.8).
BChE is also known as pseudo cholinesterase, non
specific cholinesterase or simply cholinesterase. AChE
hydrolyses acetylcholine faster than other cholinester-
ases and is very less active on butyrylcholine [1,2].
The hydrolysis of the neurotransmitter acetylcholine
(ACh) by AChHE in the nervous system is known to be
one of the most efficient enzyme catalytic reactions.
Ligand-binding studies suggest that the active centre
of cholinesterase is composed of a cationic esteratic

subsite containing the active serine, an anionic site
which accommodate the choline moiety of ACh and a
peripheral anionic site [3,4]

In mammals, AChE is abundant in the brain,
muscles and erythrocyte membranes, whereas BChE
has higher activity in the liver, intestine, heart, kidney
and lung [5-7]. The physiologic function of human
BChE is still unknown; but it can take the place of
AChE in acetylcholine (ACh) degradation when
AChE is inhibited or absent [8]. AChE and BChE
share 65% amino acid sequence homology and have a
similar molecular form and their substrate hydrolysis
is carried out by the “catalytic triad” of Ser, His and
Glu in the active centre of both types of enzymes [9].
The 3-D structure of the enzyme showed the long and
narrow active site gorge is about 20 A° deep and
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includes two sites of ligand interaction: an acylation
site at the base of the gorge with the catalytic triad and
a peripheral site in its mouth. Some ligands can bind
specifically to the acylation or to the peripheral site,
and ternary complexes with different ligands bound to
each site can be formed [10-12].

Elapidae snake is found in several parts of the
world [13]. Bungarus venom contains 747000
Ellman’s units per g of dry venom of AChE-like
activity, being one of the richest venoms in this activity
[14]. It is non toxic to mice even at very high doses,
and does not reinforce the toxicity of other venom
components, thus venom enzyme provides an excel-
lent model for analyzing catalytic mechanism of AChE
[15]. In the literature there are reports indicating that
antidepressants are inhibitors of cholinesterases from
different sources [16,17]. The kinetic and specific
fluorescent probe propidium study indicate that the
tricyclic antidepressants drugs (TCA) amitriptyline
and nortriptyline interact at the peripheral anionic site
of Electrophorus electricus AChE [18].

In the present study three different classes of
antidepressants were selected. Imipramine and clomi-
pramine are tricyclic antidepressants. During depression,
it occurs a decrease in the amount of the chemicals
noradrenaline and serotonin released from nerve cells in
the brain. The release of these chemicals results in a
mood exciting effect. Imipramine and clomipramine
both pharmacologically act by stopping these chemicals
from going back into the nerve cells. Paroxetine
(a phenylpiperidine derivative) and sertraline are
selective serotonin reuptake inhibitor (SSRIs), com-
monly used to treat the symptoms of depression [19].

The interaction of antidepressants with the cholin-
ergic system is poorly related in the literature. Itis known
that, krait venom and rat brain striatum are rich source
of AChE and human serum have high amount of BChE.
In view of this, we selected three different rich sources of
cholinesterase to study the interaction of these enzymes
with the commonly used antidepressants, imipramine,
clomipramine, paroxetine and sertraline.

Materials and methods
Materials

Acetylthiocholine iodide, DTNB [5,5'-dithiobis(2-
nitro-benzoic acid)], ethopropazine, imipramine, were
purchased from Sigma Chemical Co. (St.Louis,
MO,USA). Sertraline, clomipramine and paroxetine
were obtained from Galena (Campinas, SP, Brazil).

Animals

Male Wistar 3 to 6-month-old rats with a body weight
of 300—400 g were kept in separate animal cages, on a
12 hr light/dark cycle, at a temperature of 22°C, with
free access to food and water. All animal procedures
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were approved by the Institutional Commission of the
Federal University of Santa Maria.

Human serum

Human serum was obtained from healthy volunteers,
20—28 years old, from both sexes from the University
Hospital from Santa Maria, with written consent. The
Human Ethics Committee of the Federal University of
Santa Maria approved the protocol (Protocol number:
23081.006134/2006-81). None of the volunteers had
a recurrent or past history of psychiatric illness, any
significant medical disorder nor history of drug,
cigarette or alcohol abuse. None of them had been
taking any medication for at least one month. 6 mL of
blood was collected from all participants in vaccutai-
ner tubes, centrifuged at 3000 rpm for 10 min and the
serum was collected and used for the enzyme assays.

Venom

Mature Krait (Bungarus sindanus) snakes (1-1.5
meter length) of both sexes were captured from wild
by snake man with the help of specific capturing stick.
The snakes were kept in separate animal cages, with
free access to soil and water. Venom of two to three
drops (300-350 microliters) was squeezed out
manually from each snake, mixed, lyophilized
immediately and stored at —20°C for further use.

Cholinesterase assay

AChE and BChE activities were determined by the
method of Ellman [20] modified by Rocha [21] using
a Hitachi 2001 spectrophotometer. Hydrolysis rates
(V) were measured at various acetylthiocholine (S)
concentrations (0.01-1mM) in 1 mL assay mixture
with 62 mM phosphate buffer, pH 7.5, and 0.2 mM
DTNB at 25°C. Twenty microliters of human serum
(350 pg of protein), snake venom (2 g of protein) and
50 wL of rat brain striatum (75 pug of protein) were
added to the reaction mixture and pre-incubated for
30min at 37°C. The experiments were performed
separately with each source of AChE. The hydrolysis
was monitored by the formation of the thiolate dianion
of DTNB at 412 nm for 2—3 min (intervals of 10s).
For AChE activity, 0.06 mM ethopropazine (specific
inhibitor of BChE) was used to inhibit the activity of
BChE in snake venom as well as in rat brain striatum.
All samples were run in duplicate or triplicate.

Protein determination

The protein content of the enzyme preparation was
assayed by the method of Bradford [22] using bovine
serum albumin as a standard.
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Kinetic determinations

The interaction of antidepressants and cholinesterase
was determined using the Lineweaver—Burk [23]
double reciprocal plot, by plotting 1/V against 1/S
analysed over a range of acetylthiocholine concen-
trations (0.01-1mM) in the absence and in the
presence of imipramine (0.3—0.5mM), paroxetine
(0.3-0.7mM), clomipramine (0.3—0.7mM), and
sertraline (0.3— 0.7 mM). Michaelis constants (K,)
were determined by two different plots of 1/V vs. 1/S
and V vs. V/S [24,25] The values of inhibition
constant (Ki) were obtained using Cornish-Bowden
plots of S/V vs. [I]. ICsp, was estimated at fixed
substrate concentration (0.5 mM), according to the
Dixon and Webb [26] plot using 1/V vs. [I].

Statistical analysis

Statistical analysis was performed using one-way
ANOVA, which was followed by post-hoc analysis
(Duncan multiple range test). The difference was
considered to be significant for P <0.05.

Results

To compare the inhibitory potency of the different class
of antidepressant against different sources of cholin-
esterase, 500 WM concentration of antidepressants
imipramine, paroxetine, clomipramine and sertraline
(Figure 1) were observed to modify the activity of snake
venom as well as human serum cholinesterase (Figure 2)
when using 0.4mM substrate (a saturated concen-
tration) in 1ml assay mixture. In contrast, these
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Figure 1. Chemical structure of paroxetine (A), sertraline (B),
imipramine (C) and clomipramine (D).
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Figure 2. Acetylcholinesterase (AChE) and butrylcholinesterase
(BChE) experiments in the presence of 0.5 mM of antidepressants
(Clom; clomipramine, Sert; sertraline, Paro; paroxetine and Imip;
imipramine). Hydrolysis rates were measured at 412 nm by using
0.4mM substrate in 1 mL assay solutions with 62 mM phosphate
buffer (pH 7.5) and 1mM DTNB [5,5-dithiobis(2-nitronenzoic
acid)]. Enzyme was preincubated for 30min before 0.4mM
substrate addition. For AChE activity, 0.06 mM ethopropazine
(specific inhibitor of BChE) was used to inhibit the activity of BChE
in snake venom. All experiments were repeated at least three times
and similar results were obtained. For snake venom AChE
*P < 0.05 and for human serum BChE *P < 0.038.
Significantly different from control.

antidepressants had no effect on rat brain striatum
AChE (Figure 3) in the same conditions. The rate
constants (K,,) and V., for ACh hydrolysis versus
substrate concentration were measured in the absence
and the presence of antidepressants. Analysis of kinetic
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Figure 3. The graphs show rat brain striatum acetylcholinesterase
experiments in the presence of 0.5mM different antidepressants
(Clom; clomipramine, Sert; sertraline, Paro; paroxetine and Imip;
imipramine). Hydrolysis rates were measured at 412 nm by using
0.4mM substrate in 1 mL assay solutions with 62 mM phosphate
buffer (pH 7.5), and 1mM DTNB [5,5-dithiobis(2-nitronenzoic
acid)]. Enzyme was preincubated for 30 min before 0.4mM
substrate addition. 0.06 mM ethopropazine (specific inhibitor of
BChE) was used to inhibit BChE activity. All experiments were
repeated at least three times and similar results were obtained.
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Figure 4. Kinetic analysis of inhibition of snake venom acetylcholinesterase by Paroxetine (A) Sertraline (B) Imipramine

(C) and Clomipramine (D).

data indicated that the inhibition caused by paroxetine
(Figure 4A) and sertraline (Figure 4B) in snake venom
AChE was mixed, where the K, values increased and
the V.. decreased in a concentration dependent
manner. Imipramine (Figure 4C) and clomipramine
(Figure 4D) exhibited competitive inhibition, where the
K., values increased and the V.« remained the same.
The concentration of antidepressants that inhibits 50%
of enzymatic activity, I1Csq, was estimated at fixed
substrate concentration (0.5mM), the values of
imipramine range from 0.3—0.5 mM while paroxetine,
clomipramine and sertraline range from 0.3 to 0.7 mM.
The concentrations required to inhibit 50% of AChE
activity calculated by using the Dixon and Webb [25] for
venom AChE are depicted in Table I. The values of
inhibition constant (Ki) calculated by using Cornish-
Bowden plots of S/V vs. [I] are also listed in Table 1.

Discussion

The major role of AChE is the rapid hydrolysis of
acetylcholine after it release at the cholinergic synapses
and a large number of drugs inhibit AChE activity
prolonging the synaptic action of acetylcholine.
Recently, we verified the inhibition of AChE from krait
(Bungarus sindanus) venom and BChE from human
serum by malathion, carbofuran, paraquat [27] and
tacrine [28]. The three commonly prescribed com-
pounds donepezil, rivastigmine and galantamine are
used for the treatment of Alzheimer’s disease. All these
compound inhibit AChE while rivastigmine additionally
inhibit BChE [29,30]. Furthermore, fasciculin,
BW284C51, propidium, and decamethonium are
potent reversible inhibitors of AChE. These compounds
prefer to bind at the peripheral site of the enzyme [14].

Table I. K; and IC5, values for venom acetylcholinesterase.

Imipramine Paroxetine Clomipramine Sertraline
I1C50mm) 0.3 0.38 0.34 0.35
Ki 0.35 0.41 0.38 0.4

The K values were obtained using Cornish-Bowden plots of S/V vs. [I] and IC5, was calculated according to the Dixon and Webb plot using
1/V vs. [I]. The values were obtained for at least three experiments with standard deviation lower than 10%.
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The antidepressants drugs which exhibit antic-
holinesterase properties have great medical application
[31]. In the present study, different classes of
antidepressants (Figure 1) inhibited cholinesterase in
Bungarus sindanus venom as well as human serum
(Figure 2) but had no effect on rat brain striatum
AChHE (Figure 3). It may be due to different forms in
which cholinesterase is found: ChEs may be in globular
soluble forms, but can also be anchored to the
neuronal membrane. These two main types of
cholinesterasic forms may exhibit distinct hydrolytic
profiles, and this fact may be the basis of the differences
observed. The inhibitory potency of the antidepress-
ants was imipramine > clomipramine > sertraline >
depending on the nature of the enzyme source as well
as the structure of compounds, which resulted in the
diverse interactions with cholinesterase (BChE-
serum or AChE—snake venom and rat brain striatum),
mainly for primary and tertiary enzyme structure
peculiarities. In the present study competitive inhi-
bition was observed with venom AChE for imipramine
(Figure 4C) and clomipramine (Figure 4D), with
different inhibition constant (Table I), in this case the
K, increased and the V,_,, was unchanged. The
kinetic analysis indicated a mixed inhibition for
paroxetine (Figure 4A) and sertraline (Figure 4B), it
was clearly observed that the k,, values increased and
Vmax decreased with increase of inhibitor concen-
tration. Cholinesterase has two sites for substrate
binding an acylation site or A-site and peripheral
binding site or P-site [32]. Recent literature from
NMR spectroscopy and molecular dynamic study with
some antidepressants revealed that these compounds
prefer conformations in which the side chain is folded
over the phenyl rings in a “scorpion-like fashion [33]
due to which conformation of the active site of
cholinesterase is effected by occupation of peripheral
anionic site, it is possible that sertraline and paroxetine
act in a scorpion-like fashion, in order to bind with
peripheral site or P-site and block the entry of substrate
toward the active site of the enzyme. This is supported
by the study of Harel [34] which demonstrated that
the crystal structure of tacrine (an inhibitor of AChE
with a structure similar to that of sertraline) in AChE
binds at the bottom of the active site gorge. In
cholinesterase the substrate momentarily binds to the
p-site and forms the ES-complex at the active site, due
to its low affinity with the p-site, this fact contributes to
catalytic processes by insuring that all substrate
molecules which transiently bind to the p-site will
proceed toward the A- site. The presence of any
toxicant at peripheral site would block the access of
substrate toward the active site [35]. Imipramine
(Figure 4C) and clomipramine (Figure 4D) compete
with substrate to bind at the active site. As these
antidepressants inhibited venom AChE competitively,
only a binary (ChE.Drug or ChE.S) complex could be
formed. The complex ChE.S liberates the product at a

higher rate, while V., remains unchanged. We
propose the following scheme for such type of
interaction.

ChE + Drug < ChE.Drug (D)
ChE.Drug + S & ChE.S + Drug (2)
ChE.S & ChE + P 3)

Paroxetine (Figure 4A) and sertraline (Figure 4B) bind
other site than the active site i.e peripheral binding site
or P-site. So, we propose the following scheme for the
interactions between the sertraline and paroxetine with
snake venom AChE.

ChE + Drug < ChE.Drug (D)
ChE.Drug + S < ChE.Drug.S 2)
ChE.Drug.S < ChE.S + Drug 3)

ChE.S and ChE.Drug.S <& ChE.P 4)
ChE.P & ChE +P (5)

Both binary (ChE.Drug or ChE.S) and ternary
(ChE.Drug.S) complexes could be formed. The
complex ChE.Drug.S liberates the product at a
lower rate, decreasing the V.. in the case of the
mixed inhibition type.

In conclusion, the commonly used antidepressants
(imipramine, paroxetine, clomipramine and sertraline)
inhibited AChE of Bungarus sindanus venom and human
serum BChE. However, these compounds did not
inhibit AChE activity from the rat brain striatum, which
may be related to subtle differences in the primary
structure of the enzymes. Furthermore, the different
cholinesterasic forms may exhibit distinct hydrolytic
profiles, and this fact may be the basis of the differences
observed. The venom of the Bungarus genera is the
richest source of AChE in nature [14] and, of medical
significance an excellent model for analyzing catalytic
mechanism of AChE. In this vein, kinetic studies with
antidepressants, as cholinesterase inhibitors, could be
useful for novel neuropharmacological purposes.
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