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Abstract: Coumarins and carbazole alkaloids are natural compounds, often with neurological properties, especially as
acetylcholinesterase inhibitors. In order to screen the candidate anti-acetylcholinesterase agents, in-silico molecular
docking was performed aiming to predict the binding mechanism and the results were used to identify pharmacophores
of coumarins and carbazole alkaloids from Clausena harmandiana as AChE inhibitory activity. All isolated compounds
are xanthoxyletin (1), dentatin (2), nordentatin (3), clausarin (4), 7-methoxymukonal (5), 7-methoxyheptaphylline (6)
and heptaphylline (7) displayed the stable binding interactions with Torpedo californica acetylcholinesterase (TCAChE)
enzyme via -7 interactions, hydrogen bonds and hydrophobic interactions. All compounds exhibited the interaction
with the peripheral anionic site of TCAChE same manner of standard anti-alzheimer drugs. ADME prediction revealed
that all compounds met the requirement of drug likeness of Lipinski’s rule of five and had high CNS absorption,
excepted 4 should be structure modification to improve CNS penetration. Besides 4, 6 and 7 displayed the highest
acetylcholinesterase inhibitor activity among the other compounds. Interestingly, 6 had a high yield (58.01 mg/g extract)
from C. harmandiana. It should be a candidate as an anti-acetylcholinesterase inhibitor agent.
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1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia; the symptoms of which include
memory loss, difficulty solving problems, disorientation in time and space, among others [1]. Although the
etiology of AD is not completely known, several diverse hallmarks such as p-amyloid (AP) deposits, tau
protein aggregation, oxidative stress, or low levels of acetylcholine (ACh) play significant roles in the
pathophysiology of the disease. The cholinergic hypothesis was the first theory proposed to explain AD and
has since led to the development of the only drugs currently approved to treat mild to moderate AD [2]. This
theory was based on the loss of cholinergic activity that is commonly observed in the brains of AD patients.
Acetylcholinesterase inhibitors (AChEISs) initially showed promise in reversing the memory impairment in
AD patients, drug substances are currently used such as donepezil, rivastigmine, galantamine, and tacrine

[3].

The crystal structure AChE is known that the catalytic anionic site (CAS) is the major binding site
targeted for AD treatment and amino acids in the active site are the main part of this studies. Trp84 is an
amino acid of CAS clusters that has been reported to interact with AChE [4, 5]. It also interacts with another
important cluster, the peripheral anionic site (PAS) that is concerned with B-amyloid aggregation [6].
Therefore, molecular docking is the primary screening method to find the potential AChE inhibition of
compounds.

Several compounds from natural products are interesting as anti-Alzheimer agents. Especially,
compounds isolated from the plant Clausena spp. have been reported to have neuroprotective activities. For
instance, the various parts of Clausena lansium, including compounds found in the fruits, showed significant
neuroprotective activity with ECsg values ranging from 0.36 to 10.69 uM [7], and isolated compounds from
stems showed a neuroprotective effect on a neuroprotective effect on Pheochromocytoma (PC12) cells at the
concentration of 10 uM [8, 9]. The major chemical constituents from Clausena spp. were classified as
coumarins and carbazole alkaloids [10]. Nordentatin, the major coumarin constituent, displayed significantly
more branching numbers of the neurites than in the control (p < 0.05) and showed no neurotoxicity on
cultured P19 neurons (ICso >10 puM) [11]. Additionally, coumarins from Angelica gigas, including 7-
demethylsuberosine, umbelliferone, isoimperatorin, xanthyletin, 7-methoxy-5-prenyloxycoumarin, decursin,
7-hydroxy-6-(2-(R)-hydroxy-3-methylbut-3-enyl-coumarin, nodakenin, and peucedanone showed potent
AChE inhibition [12]. In addition, carbazole alkaloids including euchrestifoline [13] and mahanimbine [14]
showed AChE inhibitory activity with 1Cso 93.1 uM and 0.03 mg/mL, respectively. Besides AChE inhibitory
activity, they possess several biological activities such as antibacterial, anti-inflammatory [15], anticoagulant
[16], anticancer [17, 18], and antimicrobial activities [19]. In Thailand, Clausena harmandiana is widely
distributed in the northeast and is used for the folk medicine for treatment of fever and antipyretic. Our group
succeed to isolate seven compounds from the root bark of C. harmandiana, consisting of four coumarins are
xanthoxyletin (1), dentatin (2), nordentatin (3), clausarin (4), and three carbazole alkaloids are 7-
methoxymukonal (5), 7-methoxyheptaphylline (6) and heptaphylline (7) (Table 1) [18]. In order to screen
candidate anti-Alzheimer’s agents from natural products, in silico investigation of molecular docking was
carried out to explore the feasibility of using the major natural components from C. harmandiana to interact
the AChE enzyme. The quantitative analysis of coumarins and carbazole alkaloids contains in C.
harmandiana were also analysed.

2. Materials and Methods
2.1. Plant Material

Roots of C. harmandiana were harvested from Khon Kaen province, Thailand in February 2018 and
a voucher specimen (No KKU 21145) was deposited at the Faculty of Pharmaceutical Sciences, Khon Kaen
University. Air-dried root barks of C. harmandiana (5.2 kg) were pulverized and macerated with 95% ethanol
at room temperature overnight. The ethanolic extract was then filtered and evaporated to give crude extract
(370.54 g). The crude extract (31.57 g) was further purified by open column chromatography technique
affording four coumarins (1-4) and three carbazole alkaloids (5-7). Structure elucidation of all compounds
were accomplished on *H-NMR and *C-NMR. All spectra corresponded in all aspects to our previous results
[18].
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2.2. Chemical Constituent Analysis

The crude extract was reconstituted with 50% ethanol at a concentration of 1 mg/mL and dissolved by
ultrasonication for 15 min and then filtered through 0.45 um PTFE (ANPEL Laboratory Technologies,
Shanghai, PR China).

Table 1. Structure of the isolated coumarins and carbazole alkaloid from C. harmandiana

N R R R Amount
ame 1 2 3
Compounds (mg/g extract)
1 Xanthoxyletin H H OCHjs 27.60
2 Dentatin C(CHs3),CH=CH, H OCHjs 13.63
3 Nordentatin C(CHs3)2CH=CH; H OH 15.82
4 Clausarin C(CHj3),CH=CH, C(CHj3),CH=CH, OH 3.73
l l CHO
R, N OH
Rl
N R R R Amount
ame 1 2 3
Compounds (mg/g extract)
5 7-Methoxy mukonal H OCHjs H 21.72
7-Methoxy
6 _ CH,CH=C(CHs), OCHjs
heptaphylline H 58.01
7 Heptaphylline CH3;CH=C(CH3). H H 36.76

All standard compounds (1-7) were prepared in the same manner as the crude extract at a concentration of 2-
1,000 pg/mL. The analytical method of was performed on a Primaide 1000 series (Hitachi, Tokyo, Japan)
coupled with photodiode array detector. The analysis was carried out using ZORBAX Eclipse XDB HPLC
Columns (250x4.6 mm, 5 um) with an Eclipse XDB HPLC guard column (13%4.6 mm, 5 um) (Agilent
Technology, CA, USA) with a flow rate of 1 mL/min. The gradient of the mobile phase of analytical method
was slightly modified from previous method [10]. It consisted of 0.05% trifluoro-acetic acid (A) (Sigma-
Aldrich, St. Louise, MO, USA) and acetonitrile (B) (RCI Labscan, Bangkok, Thailand): 0-10 min, 40-50
%B; 10-23 min, 50-60 %B; 23-35 min, 60-100 %B; 35-37 min, 100 %B; 37-40 min, 100-40 %B; 40-45 min,
40 %B; then held for 10 min prior to next injection. The analytical method was validated according to ICH
guideline Q2(R1) [20]. Limit of detection (LOD) and limit of quantitation (LOQ) were calculated based on
the standard deviation of the response and the slope (LOD = 3.3 x SD/S and LOQ = 10 x SD/S; where SD =
standard deviation of response and S is slope of the calibration curve). A 95% confidence interval at was also
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evaluated. Percentage recovery was calculated and the amount found compared with the amount added into
the samples. Stability of standard solution at ambient temperature (approximately 25°C) was also evaluated
at 48 hours after preparation.

2.3. In Vitro Inhibition Study on Acetylcholinesterase (AChE) Enzyme

The inhibitory effect on AChE was modified from Ellman’s spectrophotometric method [21].
Briefly, 25 yL of 0.2 units/mL AChE from Electrophorus electricus in 50 mM TRIS-HCI buffer pH 8.0 and
25 pL of sample were mixed in 96-well plate. All samples were dissolved with methanol to 10 mg/ml stock
solution and diluted with the buffer to tested concentration. Then, 25 pL of 1.5 mM acetylthiocholine iodide
(ATCI) and 125 pL of 1.0 mM 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) were added. The absorbance was
measured at 405 nm by a microplate reader (EnSight Multimode Microplate Reader, PerkinElmer Inc.,
Waltham, MA, USA). All isolated compounds were evaluated their median inhibitory concentration (I1Cso)
and galantamine was used as a standard inhibitor.

2.4. Docking Validation

The crystal structure of Torpedo californica acetylcholinesterase (TCAChE) complexed with
donepezil inhibitor [22] (PDB code: 1EVE) was downloaded from the RCSB Protein Databank. Water
molecules were preliminary removed, and hydrogen atoms were then added to the enzyme by Discovery
Studio 5.0 (Accelrys, San Diego, USA). The donepezil molecule was minimized using HyperChem7.0
software (Hypecube, Gainesville, FL, USA) by the Semi-empirical, Polak-Ribiere conjugate gradient method
(RMSD < 0.1 kcal/Amol). Docking calculations were carried out using AutoDock4.2 [23]. A grid box was
generated by AutoDockTools [24] with the dimensions 60A x 60A x 60A with a 0.375 A grid spacing. The
empirical free energy function together with the Lamarckian genetic algorithm (LGA) [25] was used. The
LGA protocol applied a population size of 300 individuals, while 250,000 energy evaluations were used for
the 200 LGA runs. The parameters of re-docking calculations showing lowest binding energy and root-mean-
square deviation (RMSD) of no more than 2.0 A were used for docking with other ligands.

2.5. Molecular Docking Validation and Sudies

The 3D structures of all isolated compounds were built using HyperChem?7.0, and energy minimized
by the semi-empirical, Polak-Ribiere conjugate gradient method (RMSD < 0.1 kcal/Amol). All generated 3D
structures were then converted into ODB formatby Open babel [26]. Based on the parameter from the docking
validation method, a grid box with dimensions of 60A x 60A x 60A was set up by AutoGrid4.2. Docking
calculations were carried out using AutoDock4.2. During the searching process, the host was treated as rigid
while the guest molecule was allowed to move freely. The selected post of protein-ligand structures was
visualized using PyMOL (Schrodinger LLC, New York, NY).

2.6. ADME Properties

Pharmacokinetic properties of all isolated compounds were analysed and screened for Absorption
Distribution Metabolism and Excretion (ADME) properties by SwissADME program of the Molecular
Modelling Group of the Swiss Institute of Bioinformatics [27].
3. Results and Discussion
3.1. Chemical Constituents

A simple and efficient analysis of four coumarins (xanthoxyletin (1), dentatin (2), nordentatin (3),

and clausarin (4)) and three carbazole alkaloids (7-methoxymukonal (5), 7-methoxyheptaphylline (6) and
heptaphylline (7)) had been previously isolated and characterized by our group [18].



362

AChE inhibitory effects of coumarins and carbazole alkaloids from C. harmandiana

4
2
0.25 - 6
0.2 -
== |
< Standard
= 0.15 1
[ s
=
8 0.1
& 5
3 0.05 -
2
0 | } ® =
'0.05 T T T
0 10 20 30 40
Time (min)
0.25 -
0.2 -
~ . sampl
5 ple
< 0.15
."é'
=)
8 0.1
[ =
[
£
2 0.05
0
<
0
'0.05 L) Ll T L} L} Ll Ll T 1
0 5 10 15 20 25 30 35 40 45
Time (min)

Figure 1. Chromatogram of isolated coumarins and carbazole alkaloids and crude extract of
C. harmandiana

For standardization of the crude extract, the major compound in crude extract has to be determined.
The fingerprint and amounts of compounds in the crude extract were used for quality control of the extract.
Then, a simple and efficient analysis of the compound (1-7) was developed and validated for the
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determination in C. harmandiana crude extract. Chromatograms of a simultaneous determination of standard
compounds and the crude extract are shown in Figure 1. The advantage of the proposed method is that is
consisted of 2 mobile phase components comparing with 3 components. The resolution of the crucial
separation of 6 and 7 was nevertheless comparable to the previous method [10]. Although they did not show
the baseline separation, the validation parameters exhibited an adequate result. The amount of compound (1-
7) ranged between 3.73-58.01 mg/g extract. 6 was the highest component found in the crude extract, while 4
was the lowest component (Table 2). The amount of each compound in the crude extract was approximately
10-30 folds higher than that used in the crude extract of the previous research [10]. We could explain that the
previous study calculated on a basis of dried plant material, while the recent one calculated the quantities of
each compound in the extract. The method showed a precise separation of the 7 major compounds with
intraday precision in the range of 0.41-0.56% at 25 pg/mL (low concentration) and 0.29-0.42% at 75 pg/mL
(high concentration). For inter-day precision, %RSD of 25 pg/mL (low concentration) ranged from 1.39-1.83
and %RSD of 75 ug/mL (high concentration) ranged from 0.93-1.02. The amount and other validation
parameters of analytical method of the compounds (1-7) are shown in Table 2.

3.2. In Vitro AChE Inhibitory Activity and Molecular Intreactions Studies

Computer-based models were evaluated for docking scores as well as key protein-ligand interactions
between Torpedo californica acetylcholinesterase (TCAChE) and the isolated compounds, coumarins (1-4)
and carbazole alkaloids (5-7) as shown in Table 3. The positive controls of AChE inhibitors agents were
donepezil, rivastigmine, galantamine, and tacrine, which were anti-AD drugs, and these were docked into the
active site of the crystal structure of TCAChE enzyme to validate the docking protocol. All positive controls
had docking score values of -11.30, -7.04, -9.84 and -7.34 kcal/mol, and related to the previously reports [28-
30]. The interactions between all positive drugs and TcCAChE enzyme were H-bonding interactions,
hydrophobic interactions and n-n interactions (Table 3). Most of ligands displayed the interaction with PAS
and CAS active sites of the enzyme, meanwhile galantamine had more interaction with the catalytic triad
(CT) and tacrine showed H-bonding with Phe331 only at the acyl-binding pocket site (ABP).

AChE activity of target compounds was determined by the modified from Ellman’s
spectrophotometric method. Galantamine was used as a reference compound. The ICs, values of the
compounds are summarized in Table 3. Among coumarin and carbazole alkaloid derivatives, 4, 6 and 7
showed the highest inhibitory activity against AChE. Considering how the isolated compounds interact with
the targeted AChE enzyme, the structure relationship of coumarins and carbazole alkaloids with the binding
site were observed and compared from their crystallographic data in Table 3 and Figure 2. The molecular
docking result showed that 1 formed two strong H-bonds between pyranone ring and Arg289 at the acyl
binding pocket (AP) and another one is between methoxy group at R3 and Trp279 at PAS (Figures 2a). For
2 with the 1,1-dimethyl-2-propenyl group at R1 formed a more stable binding free energy (AG; -9.56
kcal/mol) with TcCAChE than that 3 has the same 1,1-dimethyl-2-propenyl at R1, and H-atom at R2, the
hydroxy of 3 or methoxy of 2 had similar value of docking score -9.20 and -9.56 kcal/mol, respectively
(Figures 2b-2c). Moreover, 1,1-dimethyl-2-propenyl substituted group at R1 and R2 as found in 4, resulted
in -7 interaction with Tyr334 at PAS via the pyranone ring that plays an increasing the docking score as -
10.43 kcal/mol. The ketone group of the pyranone ring and hydroxy group at R3 of 4 also makes H-bond
with Tyr121 at the PAS site and Phe330 at the CAS site (Figures 2d).

The molecular docking result for carbazole alkaloids 5-7 with TcAChE showed that their aromatic
rings (Figures 2e-2¢g) had n-x interactions with TCAChE; additionally, the O-atom from both hydroxy and
formyl groups showed H-bonding interaction with PAS and ABP sites. Compound 5 established a n-n
interactions with Phe331 at ABP while, O-atom of the formyl group showed H-bonding with Trp279 at the
PAS site and the hydroxy group with Ser286 at ABP. Compounds 6 and 7 showed n-n interactions with
Tyr334 at PAS, and the O-atom of the formyl group showed hydrogen bonding with Phe288 at the ABP site.
Additionally, the hydroxy group exhibited hydrogen bonding with Trp279 at the PAS site.
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Table 2. Validation parameters and amount of coumarins and carbazole alkaloids of C. harmandiana extract

Validation parameters 1 2 3 4 5 6 7
%RSD

Intra-day precision* (n=6)

-low concentration (25pg/mL) 0.47 0.41 0.43 0.45 0.48 0.55 0.56
-high concentration (75pg/mL) 0.32 0.29 0.32 0.31 0.30 0.42 0.42

Inter-day precision* (3 days, n=18)

-low concentration (25pg/mL) 1.42 1.42 1.83 1.43 1.39 1.43 1.45

-high concentration (75ug/mL) 0.96 0.94 0.95 0.98 0.93 0.95 1.02
%Recovery (meanSD, n=3) 89.15+2.05 94.89+4.72 87.43+0.70 91.13+1.69 90.56+1.87 84.71+2.66 85.93+2.14
Linear equation y=33,742+22,663  y=38,004x+24,417 y=41,842x+29,075 y=42,971x+30,789 y=48,548x+57,977 y=25400x+15550 y=38,770x+24,195
Range (ug/mL) 2-100 2-100 2-100 2-100 2-100 2-100 2-100
Coefficient of correlation 0.9997 0.9997 0.9997 0.9997 0.9995 0.9997 0.9997

95% ClI of intercept -7,187.4-52,5125  -9,211.3-58,045.2  -6,411.1-64,561.0  -7,945.5-69,524.0 = 2,836.3-113,117.2  -4,602.3-35,701.7 -7,138.6-55,529.6
LOD (pg/mL) 1.35 1.35 1.30 1.38 1.73 1.21 1.23

LOQ (pg/mL) 4.09 4.09 3.93 4.17 5.26 3.67 3.74
Stability of standard solution 100.15+1.44 100.14+1.45 99.93+1.45 100.08+£1.51 100.10+1.43 100.19+1.53 100.42+1.53

(2 days, mean+SD, n=3)

Amount of compounds 27.60%0.25 13.63+0.11 15.82+0.13 3.73+£0.03 21.72+0.19 58.01+0.54 36.76+0.20

(mg/g extract, mean£SD, n=3)
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Table 3. Docking score of the isolated compounds from C. harmandiana with TcCAChE.

Binding . .
Compounds ICs0 energy Pocket sites Type of bonds Interacting residues
(UM % SD) (Distance; A)
(kcal/mol)
Donepezil - -11.30 PAS n-7 interaction Trp279 (4.3)
ABP ©-7 interaction Phe290 (4.7)
Hydrophobic Phe290, Phe331
CAS n-7 interaction Trp84 (3.9)
Hydrophobic Trp84, Phe330
Rivastigmine - -7.04 PAS Hydrogen bond Tyrl21 (2.3)
ABP Hydrophobic Phe331
CAS 7~ interaction Phe330 (3.8)
Hydrophobic Phe330
Galantamine 1.06 + 0.072 -9.84 PAS Hydrogen bond Tyrl21 (2.1)
ABP n-w interaction Phe331 (4.8)
Hydrophobic Phe331
CAS Hydrogen bond Phe330 (2.2)
n-w interaction Phe330 (4.1)
Hydrophobic Phe330
CT Hydrogen bond Ser200 (2.1)
Tacrine - -7.34 ABP Hydrogen bond Phe331 (2.2)
1 106.94 + 1.22¢ -8.47 PAS Hydrogen bond Trp279 (1.7)
Hydrophobic Trp279
ABP Hydrogen bond Arg289 (2.0, 2.3)
Hydrophobic Phe331
2 104.06 + 0.75%¢ -9.56 PAS Hydrogen bond Asp72 (2.2)
Hydrophobic Serl22
CAS Hydrophobic Trp84
3 99.44 + 2.57¢ -9.20 PAS Hydrophobic Serl22
CAS Hydrophobic Trp84
4 92.29 + 2.05° -10.43 PAS Hydrogen bond Tyr121 (3.3)
n-w interaction Tyr334 (4.2)
Hydrophobic Tyr334
CAS Hydrogen bond Phe330 (2.1)
5 99.88 + 2.50¢¢ -7.83 PAS Hydrogen bond Trp279 (2.1)
Hydrophobic Tyr334
ABP Hydrogen bond Ser286 (2.0)
n-1 interaction Phe331 (4.0)
Hydrophobic Phe331
CAS Hydrophobic Phe330
6 91.52 +0.23" -8.84 PAS Hydrogen bond Trp279 (1.9)
n-m interaction Tyr334 (4.0)
Hydrophobic Tyr70, Tyr334
ABP Hydrogen bond Phe288 (1.8)
CAS Hydrophobic Phe330
7 91.83 + 1.20° -8.14 PAS Hydrogen bond Trp279 (2.2)
n-m interaction Tyr334 (3.7)
Hydrophobic Trp279, Tyr334
ABP Hydrogen bond Phe288 (2.1)
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In summary, the major binding site of all the compounds was the PAS site. There are previous
reports that binding to the PAS of the AChE decreases the accumulating effects of the enzyme on the p-
amyloid peptide, which are possibly involved in decreasing the accumulation of B-amyloid. Therefore,
in vitro study for their activity as anti-Alzheimer’s disease on targeted enzymes (i.e. p-Secretase:
BACEZ1) will feature in future studies. Moreover, coumarins core structure especially 4 has effects on
docking score and interactions with the amino acid in the active site, although 4 expressed quite high
cLogP but could not penetrate across the blood brain barrier and would therefore require its chemical
structure to be modified for it to become to be a candidate molecule for further development as an anti-
Alzheimer’s substance.

(a) (b)

(9] (h)

Figure 2. T. californica acetylcholinesterase (TCAChE) complexed with a) xanthoxyletin (1) b) dentatin
(2) c) nordentatin (3) d) clausarin (4) e) 7-methoxymukonal (5) f) 7-methoxyheptaphylline
(6) g) heptaphylline (7) and h) Donepezil



367
Sungthong et.al., Rec. Nat. Prod. (2022) 16:4 358-369
3.3. ADME Properties

The drug likeness properties and pharmacokinetics were characterized by SwissADME
program. Lipinski’s rule is a rule to evaluate whether compound has physicochemical properties that
would make it likely to be an orally active drug in humans. The positive control of AChE inhibitor
agents (donepezil) and all isolated coumarins and carbazole alkaloids satisfy Lipinski’s, as shown in
Table 4. According to ADME predictions, these isolated compounds (1-7) displayed the flexible bond
with NORTB value less than 10 (Table 4). Molecular polar surface area (TPSA) of all compounds met
the criteria (< 140), which indicated that all compounds had a good oral bioavailability, and the
percentage oral absorption was in the range 87.5-92.20 %. Hence, all compounds (1-7) have good
absorption and oral bioavailability. In addition, all compounds are not the substrates of P-gp which do
not extrude in this efflux process and would not effect on concomitant administration of P-gp inhibitors
or inducers [31]. Almost all compounds can easily cross the blood-brain barrier, except compound 4
(Table 5). Besides, all compounds can be mainly metabolized by cytochrome P450 enzymes (CYP).

Table 4. Screening of Lipinski’s properties of the isolated compounds from C. harmandiana

Compounds MW?® cLogP® cLogS® TPSAY® NORTB® HBA' HBDY ti‘cﬂ;“g;‘;:
Criteria <500 - - <140 <10 <5 <10 <0
Donepezil ~ 379.49 400  -481  38.77 6 4 0 0
1 25827 280  -353 4867 1 4 0 0
2 32639 417  -497 4867 3 4 0 0
3 31236 378  -475  59.67 2 4 1 0
4 38048 522  -622  59.67 4 4 1 0
5 24124 236  -364  62.32 2 3 2 0
6 300.36 390 502  62.32 4 3 2 0
7 27933 388  -496  53.09 3 2 2 0

AMW: molecular weight. °cLogP: calculated octanol/water partition coefficient. cLogS: solubility parameter.
4TPSA: topological polar surface area. *NORTB: Number of freely rotatable bonds. 'THBA: Number of hydrogen
bond acceptors. SHBD: Number of hydrogen bond donors. "Lipinski’s violation: 0 violation is good.

Table 5. ADME prediction of the isolated compounds from C. harmandiana

Compounds %ABS BBB P-gp CYP CYP CYP CYP CYP
permeant substrate 1A2 Inh 2C191Inh  2C91Inh  2D6 Inh 3A4 Inh

Donepezil 95.62 Yes No Yes Yes Yes No No
1 92.21 Yes No Yes Yes Yes No No

2 92.21 Yes No Yes Yes Yes No No

3 88.41 Yes No Yes Yes Yes No No

4 88.41 No No No No Yes No Yes

5 87.50 Yes No Yes No No Yes Yes

6 87.50 Yes No Yes Yes Yes Yes No

7 90.68 Yes No Yes Yes Yes Yes No

%ABS = 109 — [0.345 X TPSA] [32]

4. Conclusions

The molecular docking result showed that 4 formed two strong H-bonds between O-atoms of
pyranone ring and Tyr121 at PAS and another one is between hydroxy group at R3 and Phe330 at CAS.
Interestingly, carbazole alkaloids, 6 and 7 displayed the similar binding energy and ICs, values. Their
binding interactions also established the same pocket sites at PAS and ABP. In summary, we could fine
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that, O-atom at R3 of coumarins is a key role in H-bonds interactions with PAS of TcCAChE enzyme.
1,1-dimethyl-2-propenyl group at R1 and R2 can stabilize binding affinity between the core structure of
coumarins and TcAChE enzyme at the PAS pocket site. Meanwhile, aromatic rings of carbazole
alkaloids were found favourably interact via n-m interaction with PAS or ABP pocket sites. The O-atom
from both hydroxyl and formyl groups were also present at the main binding pocket with TcAChE
enzyme. Besides the major binding site of 1-7 was the PAS pocket site.
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