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ABSTRACT

Nowadays, inhibition of acetylcholinesterase (AChE), butyrylcholinesterase (BChE) and glutathione S-
transferases (GSTs) have been a very crucial issue for pharmacological treatments of several disasters.
Herein, we investigated inhibition effects of Tamoxifen (TAM), Isoprenaline (ISO), Chlorpromazines (CPZ)
and Carbamazepine (CBZ) on GST, AChE, BChE and then molecular structures and active sides of the
tested drugs by molecular docking process. The enzyme activity results showed that nearly the whole
tested drugs inhibited GST, BChE, AChE efficiently. Chlorpromazine was found to be the best inhibitor for
the GST enzyme and the Ki value of this drug was found to be 42.83 +8.52 nM. Besides, Isoproterenol
drug with the Ki value of 51.80+9.44nM was found to be the most effective inhibitor on the AChE
enzyme. Molecular docking studies showed that the receptor-binding sites of GST, AChE, and BChE were
found to 1.069, 1.090, and 1.15 of Sitecore and 0.992, 1.113, and 1.217 of Dscore, respectively. The method
was validated by doing validation studies and these validations revealed that re-docked ligands located a
very closed position with co-crystallized ligand into the active site for all receptors. Calculation studies for
determining the possible enzyme inhibition mechanism with the used drugs revealed that amino and
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aromatic ring in the structure of the drugs used are effective in inhibition reactions.

Introduction

Cholinesterases are important enzymes that are present in
plasma, body fluids, non- cholinergic tissues, and cholinergic
tissues(Kose & Gulcin, 2017). These enzymes are categorized
into two groups that are acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) (Kuzu et al., 2019) . AChE is pre-
sent as cholinergic synapses in the brain and neuromuscular
junctions and serves as a preventer to terminate synaptic
transmission, and additionally as a hydrolase, it hydrolysis
the acetylcholine (as a neurotransmitter) (Akkaya et al., 2019;
Kuzu et al, 2019). AChE functions to decrease the rate of
acetylcholine (ACh) degradation rate that enhances the con-
centration of ACh in the brain. That event prevents the pass-
ing of cholinergic neurons because of the loss of
acetylcholine, therefore, Alzheimer's occurs due to the
decreasing functions of the cholinergic neurons (Taslimi
et al, 2018). BChE is another important cholinesterase
enzyme and actives more in some tissue including the heart,
liver, lungs, and intestine compared to AChE (Brown et al.,
2004). This enzyme, together with the ACHE enzyme, is an
enzyme effective in the treatment of Alzheimer’s, known as a
type of dementia, which is one of the most common dis-
eases of our time. Hitherto, several studies (Ellman et al.,
1961) have been carried out about AChE and BChE enzymes

and performed based on Ellman method (1961).
Acetylcholinesterase iodate (AChl) and butyrylcholinesterase
(BChE) are used as substrates in the Ellman method (1961)
(Buyukokurog lu et al, 2001). In enzyme inhibition studies,
the activities of AChE and BChE enzymes are measured using
2-nitro-benzoic acid. These compounds are used to deter-
mine the amount of colored material in the adsorption pro-
cess (412nm) (Bozdag et al., 2015). Glutathione S-transferases
(GSTs) are very important enzymes for live life and toxico-
logically are key enzymes that detoxify (co-ordinate with
glutathione) oxidative stress, environmental toxins, and carci-
nogens products (Arakawa, 2013). Many applications includ-
ing nanotechnology, drug discovery and biotechnology are
related to GSTs and these applications affect several cellular
processes. GSTs present in protein constructions that are
either homo or heterodimeric, these enzymes enable cata-
lytic binding with various toxics compounds and glutathione
that form a complex having a high dissolution rate in the
aquatic medium (Dasari et al., 2018). GSTs also exhibit very
important roles in cellular protection against toxic substan-
ces, radicals (Tirkan et al., 2018). GST enzyme is an enzyme
studied in inhibition studies. In particular, it prevents the
interaction of anticancer agents with a tissue because it is
over-expressed in cancerous tissues. For this reason, inhib-
ition of this enzyme is extremely important (Turkan et al,
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2019). Likewise, inhibitors of AChE and BChE enzymes can be
used in the treatment of Alzheimer’s disease. Since this dis-
ease is very common in later ages, it is important to discover
inhibition effects of these enzymes (Balci et al, 2019).
Antibiotic agents are substances that can be effective in bac-
terial death or development. Most antibiotics that can be
found in nature are obtained by modifying the compounds
by chemical means(Sisecioglu et al., 2011). Tamoxifen (TAM),
acting as a non-steroidal modulator estrogen receptor, has
been used in breast cancer treatments as a positive estrogen
receptor for the last three decades. Thanks to acting as a
positive estrogen receptor, TAM reduces breast cancer
growth (Jordan, 2009), so it has been effectively used in
breast cancer treatments. However, some safety concerns
have been raised due to its side effects such as enhancing
TAM resistance in 2-5years treatments, 3 — fold increasing
endometrial cancer, liver induction formation, etc (Gallicchio
et al., 2004), (Mishra et al., 2011). Isoprenaline (ISO) or iso-
proterenol is a catecholamine drug and B-adrenergic ago-
nists, which has been widely in treatments of diseases such
as bronchial asthma, cardiac arrest, status asthmatic, allergic
emergencies, glaucoma, ventricular bradycardia (Sakr et al.,
2019), (Khezri et al., 2018). ISO activates beta-adrenoceptors
and in this way, the reduction of peripheral vascular resist-
ance and the increase of cardiac output is achieved that
leading the relaxation of bronchial smooth muscles(Ali et al.,
2019). Chlorpromazines (CPZ) is a phenothiazine and acts as
a dopamine antagonist. CPZ has been found to be an inhibi-
tor for possible proteins that are effective in the formation of
many diseases like cancer, hereditary autism, schizophrenia,
and prion. It has been detected as a possible inhibitor for
S100B protein which has caused so many cancers (Wilder
et al, 2010). Chlorpromazine, as a phenothiazine derivative
(aliphatic), acts as a competitive for dopamine antagonists
(Loch et al., 2018).

Carbamazepine (CBZ) is a drug that provides the balance
of antiepileptic, anticonvulsant and effective agents used in
the treatment of bipolar and epilepsy disorder. At the same
time, carbamazepine can be administered in people with dis-
comforts such as attention deficit, schizophrenia, hyperactiv-
ity (Daneshvar et al., 2016). (CBZ) is slowly absorbed when
taken orally and reaches peak plasma concentration over a
4-8h period. Hence, carbamazepine is seen in high concen-
trations in liver, kidney and brain tissues(Nkoom et al., 2019).
To the best of our knowledge in this study, so far, no studies
related to the inhibition of Tamoxifen (TAM), Isoprenaline
(ISO), Chlorpromazine (CPZ) and Carbamazepine (CBZ) drugs
on GST, BChE, and AChE enzymes have been conducted.
Hereby, we investigated the inhibition effects of TAM, ISO,
CPZ, and CBZ on GST, BChE, AChE and molecular docking
that used to determine active sides in the composition of
the drugs. Inhibition experimental studies revealed that TAM,
ISO, CPZ, and CBZ are very good inhibitors on GST, BChE,
AChE enzymes. By conducting molecular docking studies, we
determined that amino and aromatic ring moieties in the
investigated drug are effective agents on inhibitions of GST,
BChE, and AChE. With these docking studies, we highlighted
the inhibition mechanism of the drugs of isoproterenol,

chlorpromazine, carbamazepine, and tamoxifen on some
important enzymes such as GST, BChE, AChE.

Material and methods
Chemicals

AChE, BChE, GST, and solvents and other chemicals were
purchased from Sigma and were of analytical degree used
not further any purification. Distilled water was used in the
cleaning of all glasswares TAM, ISO, CPZ, and CBZ were pur-
chased from Signa Aldrich. All of these drugs were of analyt-
ical grade and used not further purifications.

GST activity

50% bacterial strains and 1-chloro-2, 4-dinitrobenzene
(CDNB) compound as a substrate were used in the experi-
ments done to determine GST activity. The results showed
that GST has high activity in bacteria compared to fungi,
algae, and protozoa. A phosphate buffer solution (pH 6.5),
GST (20 mM) solution and CDNB (25 mM) solution were pre-
pared to perform the GST activity. Each test was taken at
340 nm for 3 min with a spectrophotometer previous studies
(Habig et al., 1974; Turkan et al., 2019).

BChE and AChE activity

Activity measurements of AChE and BChE enzymes were per-
formed according to the partially modified Ellman method
(Ellman et al., 1961) and previous studies (Taslimi et al., 2018;
Tirkan, Huyut, Taslimi et al, 2019). Butyrylthiocholine (BChl)
iodide and acetylthiocholine iodide (AChl) were used as sub-
strates in the BChE, AChE inhibitions reactions. The determin-
ation of BChE and AChE enzyme activities were performed
using 2-nitro-benzoic (5,5-Dithiobis acid) at in vitro condi-
tions. In order to detect the BChE and AChE enzyme activity,
three solutions of 50mL (5.32 x 10~> M) BChE-AChE, 100 mL
tris/HCI buffer solution containing (1M, pH 8.0) and 10mL
drug solution were stirred and waited for 10 min at room
temperature. 50mL of 2-nitro-benzoic (5,5-Dithiobis acid)
(0.5 mM) was added to the resulting mixture and then the
hydrolysis reaction was initiated. The hydrolysis of substrates
of BChl and AChl was obtained by using the spectrophoto-
metric method. The yellow color change showed the reaction
of the drugs with BChE and AChE enzymes as well as the for-
mation of 2-nitro-benzoic (5,5-Dithiobis acid). The hydrolysis
of BChl and AChl are determined at 412nm wavelength by
UV  -Vis spectrophotometer (Turkan, Huyut, Taslimi
et al., 2019).

Inhibition studies of BChE and AChE

In order to conduct the BChE and AChE inhibition studies,
four 1mg.mL ™" stock solutions of each drug were prepared
for further use. The drug solution to be tested was trans-
ferred into the reaction vessel to determine the inhibition
effect on the enzymes. A control run is conducted in the



presence of the drug to be controlled its inhibition effects
on the enzymes(Taslimi et al., 2018; Buylikokuroglu et al.,
20017). Ki constant values were determined using the BChl
and Achl substrates solutions prepared with different con-
centrations. Kinetic parameters and V,ax values of inhibition
studies of BChE and AchE enzymes using the drugs were
determined using Lineweaver-Burk plots (Taslimi et al,
2018). 1C5o values of the inhibitions of BChE and AChE
enzymes with the drugs were determined using activity per-
centages values versus the drugs used concentration graph-
ics. Similar results have been detected in previous studies
(Gocer et al.,, 2015; Gul et al.,, 2016; Nar et al., 2013).

Inhibition studies of glutathione S-transferase (GST)

The used drugs were tested to determine their inhibition
effects on GST. For this purpose, a solution containing
200 mL sodium phosphate buffer solution (pH 7.2, 50 mM)
and 20ml of 2,4-dinitrochlorobenzene (%95, 25 mM) were
prepared at room conditions. The inhibitions studies of the
drugs on GST activity were performed as described else-
where (Aslan et al., 2019). The GST enzyme solution was
used as a control for the replacement of the potassium buf-
fer solution. The graph is drawn with 1/V values against 1/S,
Lineweaver-Burk and rate constants were used to calculate
the kinetic studies of the inhibitor drugs on GST.

Ligand and receptor preparation for molecular
docking studies

Ligands and crystal structures of receptors were prepared
according to the method proposed in our previous study
(Turkan et al., 2019). 2D structures of drugs were down-
loaded from PubChem (Abo-Ashour et al., 2018). Correct
molecular geometries and protonation state at pH 7.0+2.0
of the 3D structures of drugs were produced. The x-ray crys-
tal structures of GST, AChE, and BChE receptors which have
high resolution and best percentile rank were assigned and
the crystal structures of receptors (PDB ID: 3DK9, 4MOE, and
5NNO, respectively) were downloaded from RCSB Protein
Data Bank. Briefly, bond order and charges were assigned
and then all missing hydrogen atoms were added to protein
structure. Missing side chains were filled, amino acids were
ionized by setting physiological pH, water molecules that
were formed less than 3 contacts with the protein or ligand
were removed. Lastly, the energy was minimized.

The top-ranked potential binding site of the receptors
was predicted using the SiteMap module. Sitecore and
Dscore of the predicted binding site were also calculated
with the same module according to the method described
by Abo-Ashour et al. (2018); Turkan et al., 2019). Docking val-
idation and induced fit docking (IFD) studies were performed
according to the method proposed in previous studies
(Fattah et al., 2018). Briefly, the centroid of the residues was
generated around the selected residues in the catalytic site.
After that, side chains were automatically trimmed based on
B-factor; the closest residues to the ligand were refined
within 3.4 A of ligand pose. Then, molecular docking studies
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were performed. In the docking validation studies, active site
ligand of each receptor was re-docked into the active site of
the receptor. Docking methodology was validated by com-
paring the position of re-docked ligand and co-crystallized
ligand into the active site of the receptor.

Result and discussion

Inhibition effects of drugs examinated on enzimes of
AChE, BChE, and GST

AChE and BChE enzymes abundantly present the brain,
erythrocyte membrane, heart, intestine and kidney and effect
highly life events (Bozdag et al., 2015). GSTs are toxicologically
key enzymes that detoxify (co-ordinate with glutathione) oxi-
dative stress, environmental toxins, and carcinogens
products(Arakawa, 2013). The drugs investigated in this paper
have some vital life events effect on living life as summarized
below. TAM acts as a non-steroidal modulator estrogen recep-
tor and used in treatments of breast cancer as a positive estro-
gen receptor for the last three decades. Isoproterenol activates
beta-adrenoceptors and in this way, the reduction of periph-
eral vascular resistance and the increase of cardiac output is
achieved that leading the relaxation of bronchial smooth
muscles. CPZ has been detected as a possible inhibitor for
S100B protein which has caused so many cancers. CPZ pro-
vides the balance of antiepileptic, anticonvulsant and effective
agents used in the treatment of bipolar and epilepsy disorder.
Inhibition effects of these considerable important drugs on the
enzymes of AChE, BChE and GST were investigated and Ki and
ICs50 values obtained from the experiments of the inhibition
effects of the drugs used on the enzymes of GST, BChE and
AChE are given in Table 1.

Biological activity

To determine the biological activity of the drugs, we studied
by taking nanomolar levels of drugs in the enzyme inhibition
experiments. The obtained ICso and Ki values for each drug
with AChE, BChE, and GST enzymes are given in Table 1. As
seen in Table 1, the tested drugs exhibited very efficient
inhibition. Lineweaver-Burk plots given in Figure 1 were used
to calculate K; values and revealed inhibition types for inhibi-
tors used. The graphs given in Figure 2 are can be used to
compare inhibitions activies of tested drugs in the study.
Chlorpromazine was found to be the best inhibition drug for
the GST enzyme and its Ki value was calculated to be
42.83+£8.52nM. In addition, Isoproterenol was found to be
the best inhibitory drug for the AChE enzyme and the Ki
value was calculated 51.80+9.44nM approximately. And
finally, carbamazepine was found to be the best inhibitor of
the enzyme BChE and the Ki value is 8.63 £ 0.98 respectively.

Molecular docking studies

We firstly predicted the receptor’s top-ranked potential bind-
ing site and calculated Sitecore and Dscore understanding
whether the binding sites were catalytic active site and
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Table 1. Glutathione S-transferase, acetylcholinesterase (AChE) and butyrylcholinesterase enzyme inhibition values of some drugs.

ICso (NM) Ki (nM)
Compounds GST r AChE r BChE r GST AChE BChE
Tamoxifen 93.63 0.934 220.67 0.9712 28.04 0.9622 63.94+14.84 193.63 +28.86 1453+1.33
Chlorpromazine 32.98 0.981 4391 0.9891 43.98 0.9701 42834852 53.34+564 31.82+4.36
Carbamazepine 54.60 0.9612 63.16 0.9544 21.82 0.9742 58.03+8.43 59.03+11.08 8.63+0.98
Isoproterenol 171.33 0.9767 31113 0.9802 287.39 - 106.57 +16.28 51.80+9.44 27.24+498
Tacrine* - - 168.46 0.9482 108.24 0.9812 - 136.45+21.16 4531+11.02

*Tacrine (TAC) was used as a positive control for acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes.
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Figure 1. Chlorpromazine the graphs of drugs which exhibited the best inhibitions effects for enzymes studied, (a) for GST, (b) Isoproterenol for AChE,
(c) Carbamazepine for BChE.
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Figure 2. (a) The comparision of ICso values obtained for different drugs on GST, AChE and BChE. (b) The comparision of Ki values obtained for different drugs on
GST, AChE and BChE.
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Figure 3. Interaction of catalytic active site surface and ligands. (a) Chlorpromazine-hGST, (b) Isoproterenol-AChE, and (c) Carbamazepine-BChE. Catalytic active site
was represented as grey mesh, hydrophilic site was represented as green surface, and hydrophobic site is represented as yellow surface.

Figure 4. Docking validation. The best-posed co-crystallized ligands are represented in grey color ball and stick modeling and the best-posed docked ligands are
represented in purple color ball and stick modeling for (a) 3LF, (b)1YL, and (c) 92H ligands.

Table 2. Binding affinities (kcal/mol) of the drugs on the receptors.

Drugs GST AChE BChE
Chlorpromazine —6.137 - -
Isoproterenol - —9.793 -
Carbamazepine - - —8.121

druggable sites. In accordance with the calculations, the GST,
AChE, and BChE receptor’s binding sites have 1.069, 1.090,
and 1.15 of Sitecore and 0.992, 1.113, and 1.217 of Dscore,
respectively. The binding sites were accepted as a catalytic
active site due to their SiteScores. Since the catalytic active
site of the receptors has a value of more than 1, the catalytic
active sites exhibited druggable site properties. We also used
to SiteMap results expressing how ligands were surrounded
by active sites including hydrophilic, and hydrophobic in
Figure 3. In previous studies showed that ligands exhibit a
high binding affinity to enzymes. The results of molecular
docking conducted herein are compatible with the findings
of the literature about docking studies (Bal et al., 2020;
Taslimi et al., 2019)

We validated the docking methodology with docking
validation studies and expressed validation results in Figure
4. These results showed that re-docked ligands located a
very closed position with co-crystallized ligand into the
active site for all receptors. Drugs that exhibited the best
inhibitory effect on the receptors were docked into the
catalytic active site of the receptors with validated docking
methodology. Then, the docking results were analyzed
on the basis of binding energies, binding pose, and
interactions of the ligand-receptor complex. We presented
the calculated binding energies of the ligand-receptor
complexes in Table 2. The binding energies have shown
that most active drugs exhibited potent binding affinity
against the receptors.

We consider that pose with most negative binding energy
was as best-pose of the drugs complexed with the receptors.
2D interaction diagram and detailed 3D binding mode of
best-posed drugs were illustrated in Figure 5 and interac-
tions between the best-posed drug and catalytic active site
residues were analyzed.
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Figure 5. 2D ligand-receptor interaction profile and detailed binding mode of best-posed ligands into the receptors. (a) Chlorpromazine-hGST, (b) Isoproterenol-
AChE, and (c) Carbamazepine-BChE. All drugs were represented faded red-orange ball and stick modeling. The residues of GST, AChE, and BChE receptors are repre-

sented in thick tube modeling with blue, yellow and green color, respectively.

Phenothiazine aromatic rings of chlorpromazine formed
n-n interaction with Phe8 residues and dimethylamine moi-
ety formed m-cation interaction with Tyr108 residues of the
hGST receptor. When the detailed binding mode is exam-
ined, it formed aromatic hydrogen bound with Leu52 residue
(Figure 5a). Isopropyl amino moiety of isoproterenol formed
a salt bridge, hydrogen bond, and m-cation interaction with
Asp74, Tyr124, and Tyr341 residues, respectively. The aro-
matic ring interacted through =m-m interaction with Trp286
residues. 1-hydroxyl and aromatic ring hydroxyl formed a
hydrogen bond with Asp 74 and Ser293 residues, respect-
ively (Figure 5b). A carbon oxide moiety of carbamazepine
formed a hydrogen bond with Asp 70 and Tyr 332 and
benzo moiety of carbamazepine m-n interactions with Phe
329 and Tyr 332 residues of BChE receptors. When it was
examined detailed binding mode, the same moieties inter-
acted through m-cation with Pro285, Trp430, and His438 resi-
dues (Figure 5c¢).

When residues surrounding drugs were examined in the
catalytic active site, chlorpromazine was surrounded with
hydrophobic active site residues of the GST receptor (Figure
3a). Isoproterenol was also surrounded by hydrophobic
active site residues, but aromatic ring hydroxyl of iso-
proterenol closely interacted with hydrophilic residues of
AChE receptor (Figure 3b). Benzo moiety of carbamazepine
was surrounded by hydrophobic active site residues of the
BChE receptor. Contrary to this, hydrophilic active site resi-
dues of the BChE receptor surrounded the carbon oxide moi-
ety of carbamazepine (Figure 3c).

Conclusions

Summary, the tested TAM, ISO, CPZ, and CBZ drugs were
detected to have well inhibition effects on GST, BChE, AChE

enzymes with a nanomolar level of the drugs. All the used
drugs inhibited efficiently the tested enzymes. CPZ inhibited
GST with 42.83+£8.52 Ki nM value. ISO inhibited AChE with
51.80+9.44mM. CBZ inhibited very efficiently BChE with
8.63+0.98nM Ki value. The inhibition experimental results
showed that these drugs are very promising inhibitors
against the enzymes. Additionally, our molecular docking
studies’ results show that an amino and aromatic ring moiety
of drugs is an important inhibition of all three enzymes. Our
results have provided more insight inhibition mechanism of
the drugs on the receptors.
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