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ARTICLE INFO ABSTRACT

Keywords: Aplysinopsins are a group of marine-derived indole alkaloids that display diverse array of pharmacological ef-
Aplysinopsin fects. However, their effect on anti-Alzheimer targets has not been reported. Herein, we report the synthesis of
Acetylcholinesterase aplysinopsin (1) and its effect on cholinesterases and beta-site amyloid-precursor protein cleaving enzyme 1
E:tgg;cholmesterase (BACE-1). It inhibits electric eel acetylcholinesterase (AChE), equine serum butyrylcholinesterase (BChE), and

human BACE-1 with ICso values of 33.9, 30.3, and 33.7 uM, respectively, and excellent BBB permeability (P.
8.92 x 107° cm/s). To optimize its sub-micromolar activity, the first-generation analogs were prepared and
screened. Two most active analogs 5b and (Z)-8g were found to effectively permeate the BBB (P, > 5 x 10 %cm/
s). The N-sulphonamide derivative 5b display better cholinesterase inhibition, whereas the other analog (Z)-8g
strongly inhibits BACE-1 (ICso 0.78 uM) activity. The analog 5b interacts primarily with PAS of AChE, and thus
exhibit a mixed-type of inhibition. In addition, aplysinopsin along with new analogs inhibited the self-induced
Ap1.42 aggregation. The data presented herein indicate that the aplysinopsin-scaffold holds a potential for
further investigation as a multi-targeted anti-Alzheimer agent.
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Molecular modeling
BBB permeability
Alzheimer’s disease

1. Introduction

Alzheimer’s disease (AD) is a complex multi-faceted neurodegener-
ative disease which is the significant health-care challenge in 21st cen-
tury [1]. Fervent research has led researchers to identify diverse range of
potential targets; however, not much is known about the actual cause of
AD, and no curative treatments are available to date [2-4]. The amyloid-
B (Ap) is a major hallmark in AD pathology, which comprises a
sequential cleavage of amyloid precursor protein (APP) by f- and
y-secretases followed by oligomerization, and fibrillation [4]. Several
studies have shown therapeutic relevance of beta-site APP cleaving
enzyme 1 (BACE-1, B-secretase) in AD [5,6]. Thus, it has emerged as a
clinically validated target for AD [7,8]. Furthermore, numerous studies
[9-14] have shown that butyrylcholinesterase (BChE) also plays a vital
role in the progression of AD along with acetylcholinesterase (AChE).
Thus, targeting both AChE and BChE appears to be a more viable
approach to combat AD. As a whole, all available knowledge and
research efforts made in this area are indicative of the fact that multi-
targeted approaches (agents able to engage more than one target)
have a great future to tackle AD [15]. Given this, recently, we screened a

library of ~100 small molecule natural products against three targets
(AChE, BChE, BACE-1) and identified embelin as a multi-targeted anti-
Alzheimer agent [16]. From this screen, aplysinopsin (1) was one of the
active showing significant inhibition of all three enzymes AChE, BChE,
and BACE-1, along with excellent blood-brain barrier (BBB)
permeability.

Historically, marine organisms have proved to be an extremely
valuable source of lead candidates and drugs [17]. Aplysinopsins is one
of the important class of marine sponge-derived indole alkaloids
[18-28] that are known to possess diverse array of biological activities
[19,21,29-31]. Aplysinopsin (1) also modulate monoamine oxidase,
nitric oxide synthase, and serotonin receptors [32]; however, is not yet
been tested against cholinesterases or BACE-1. In the present commu-
nication, we report the discovery of aplysinopsin (1) as a new scaffold
for cholinesterase and BACE-1 inhibition with an ability to cross the
BBB.
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2. Results and discussion

2.1. Identification of aplysinopsin as a dual cholinesterase/BACE-1
inhibitor

Aplysinopsin was synthesized in two steps starting from commer-
cially available creatinine (9). The first step involves methylation of
creatinine (9) using iodomethane [33]. The N-methyl creatinine (10)
was then condensed with indole-3-carboxaldehyde (11) to get aplysi-
nopsin (1) (Fig. 1A). The synthesized aplysinopsin (1) was a part of our
internal natural product (NP) collection, which was utilized for
searching multi-targeted NP scaffolds that can cross BBB. In this anti-
Alzheimer drug discovery campaign [16,34,35], the screening of inter-
nal collection of small molecule NPs in cholinesterase and BACE-1 in-
hibition assays have provided ’aplysinopsin’ as active NP against all
three targets (Fig. 1B) along with an added advantage of its excellent
BBB permeability (P = 8.92 x 10~ cm/s). The molecular docking has
shown that aplysinopsin (1) occupies the active-site gorge of both AChE
and BChE, showing interactions with residues of catalytic anionic site
(CAS) as well as peripheral anionic site (PAS). Its imidazolidin-4-one
ring display n-n stacking with Trp 86 of anionic subsite of AChE. The
NH of imidazolidin-4-one ring have shown H-bonding interaction with
carbonyl oxygen of His 447 of CAS, whereas the carbonyl oxygen of
imidazolidin-4-one ring display H-bonding with Phe 295 of acyl binding
pocket. The indole ring interacts with Trp 286 and Tyr 341 residues of
PAS via n-r stacking. In BChE active site gorge, aplysinopsin oriented in a
similar direction, with imidazolidin-4-one ring facing towards CAS. In
the BACE-1 active site, though it displayed n-n stacking and H-bonding
interactions with some of the active site residues; however, the inter-
action with a catalytic dyad (Asp 32, Asp 228) was missing which
perhaps explains its weak BACE-1 inhibition activity (Fig. 1E).

2.2. Synthesis of aplysinopsin analogs

To improve the activity profile of aplysinopsin, its first-generation
derivatives/analogs were synthesized. Aplysinopsin (1) is a small
molecule comprising two key functionalities viz. indole and imidazoli-
dinone. To prepare first-generation analogs with improved anti-
cholinesterase and/or anti-BACE-1 activity, we planned two set of
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simple modifications viz. the introduction of sulphonamide moiety on
indole ring and replacing the indole with other aryl units. Verubecestat
is a sulphonamide class of BACE-1 inhibitor that was investigated in
phase III clinical trial in AD [36]; thus it was hypothesized that sul-
phonamide derivatives will enhance the BACE-1 inhibition. Secondly to
know the necessity of indole moiety as a part of pharmacophore for
observed anti-cholinesterase or anti-BACE-1 activity, it was decided to
replace it with simple substituted aryls.

The sulphonamide derivatives 5a-5c¢ were prepared by reacting
aplysinopsin (1) with different substituted sulphonyl chlorides 6a-6c¢ in
the presence of 4-dimethylaminopyridine (DMAP) and N,N-
diisopropylethylamine (DIPEA) (Fig. 2A). Next, we replaced the indole
ring of aplysinopsin with different substituted aryl/heteroaryls. The
treatment of various aryl/heteroaryl aldehydes 7a-7i with N-methyl
creatinine (3), yielded a pair of E- and Z- isomers of 8a-8i, as shown in
Fig. 2B. Using this scheme, a library of 19 aplysinopsin analogs were
synthesized. In all cases, except naphthyl aldehydes and 2,4-dichloro-
benzaldehyde, we observed the formation of creatinine-linked pair of
isomers. The assignment of the respective isomers was done using 2D-
NMR experiments such as nuclear overhauser effect spectroscopy
(NOESY) and heteronuclear multiple bond correlation (HMBC).
Furthermore, the 'H NMR of a pair of isomers displayed a unique trend
for the chemical shift value of C7-H proton. This trend was well in
correlation with the TLC retention factor of these isomers.

The isomers that elutes slow on TLC (e.g. 8a (L), Rf = 0.35) were
found to show slightly low chemical shift value (6§ 5.98 ppm) for C7-H
proton compared with other isomer (e.g. 8a (U), R = 0.43). This
trend was common among all six pairs that we investigated and is pre-
sented in Table 1. The proper assignment of these isomers was done by
performing NOESY experiment (Fig. 3) for one pair of isomers (E)-8g
and (Z)-8g. The NOESY spectrum of the isomer that eluted first on TLC
[upper spot: 8g-(U)] displayed a contour for NOE between hydrogen of
the double bond (C7-H) and the 2'-methyl group of the imidazolinone
ring (N2'-Me) which confirmed its geometrical configuration as E-iso-
mer i.e. (E)-8g. In the case of other isomer [lower spot on the TLC: 8g-
(L)1, the absence of contour in the NOESY spectrum for N2’-Me and C7-H
(Fig. 3B) confirmed its geometrical configuration as Z-isomer i.e. (Z)-8g.
Thus, based on the NOESY correlations and the IH NMR/TLC observa-
tions, the generalization can be done for this class of compounds that E-

A. B. Fig. 1. Identification of aplysinopsin (1) as
CHO IC5o (uM) an anti-Alzheimer agent. (A). Synthetic
A \N NH scheme for aplysinopsin synthesis. Reagents
/ + N \‘\// EeAChE: 33.86 and conditions: (a) EtOH, 80 °C, overnight;
o H O« N 4 H - N ) (b) Piperidine, AcOH, reflux, overnight; (B)
T >=NH + Mel \]\: >=NH —— \ O eqBChE:  30.31 AChE, BChE and BACE-1 inhibitory activity
N a N\ b N BACE-1: 33.69 and BBB permeability data for aplysinopsin;
\ H (C). Interactions of aplysinopsin with AChE
2 3 Aplysinopsin (1) PAMPA BBB permeability (PDB: 4EY7); (D). Interactions of aplysinop-
[Pe (X 106 cm/sec) ]: 8.92 sin with .BChE‘: (PDB: 6EP4); (E). Interactions
of aplysinopsin with BACE-1 (PDB: 4B05).
= Abbreviations: EeAChE: electric eel AChE;
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Fig. 2. Synthesis of aplysinopsin analogs: (A). Synthesis of sulphonyl derivatives 5a-5c¢. Reagents and conditions: (a) ArSO,Cl 6a-6¢ (1.1 equiv.), DMAP (0.05
equiv.), DIPEA (1.5 equiv.), methylene chloride, room temperature, 20 h. (B). Synthesis of aplysinopsin analogs 8a-8i. Reagents and conditions: (b) piperidine,

AcOH, reflux, overnight. Only one isomer formed for 8b, 8¢, and 8i.

isomer elutes slow on TLC than Z-isomer. This generalization will help in
the characterization of all such isomers synthesized in the future, only
based on the TLC R and 'H NMR patterns.

Table 1
Comparison of E- and Z-isomers in their proton NMR shift and thin-layer chro-
matography (TLC) retention factor (Rg) values.

Entry H 2l E/Z Double bonded proton TLC R¢
’ N (C7-H) [6 in ppm]
AN NENH
TE
\
1° 8a (L) E 5.98 0.35
8a (U) z 5.99 0.43
2° 8d (L) E 6.82 0.56
8d (U) Z 7.52 0.62
3> 8e (L) E 6.57 0.38
8e (U) zZ 6.78 0.45
4" 8f (L) E 6.49 0.22
8f (U) Z 6.52 0.31
5° 8g (L) E 6.15 0.52
8g (U) Z 6.86 0.59
6" 8h (L) E 6.13 0.61
8h (U) z 6.84 0.67

@ TLC mobile phase: 50% Ethyl acetate/hexane.

b TLC mobile phase: 30% Ethyl acetate/hexane.

¢ Letters L and U mentioned in the parentheses next to the compound numbers
indicate the lower and upper spot of TLC isolated from the pair of E- and Z-
isomers.

2.3. In-vitro screening of aplysinopsin analogs for cholinesterase and
BACE-1 inhibition

All synthesized compounds were screened for inhibition of BACE-1,
AChE, and BChE using FRET and Ellman assay (Fig. 4) [37]. It was
interesting to note that several compounds have displayed superior in-
hibition of BACE-1 compared with aplysinopsin (1). Compounds (E)-8g
and (Z)-8g were the most active BACE-1 inhibitors showing 47 and 69%
inhibition of BACE-1 at 10 uM. For cholinesterase inhibition, the sul-
phonamide series was most active, with the derivative 5b showing 60
and 38% inhibition of AChE and BChE, respectively. One of the sul-
phonamide derivative 5c¢ inhibited (53, 27, and 41%) all three enzymes.

Next, the ICso values of most active compounds against these en-
zymes were determined (Table 2). The sulphonamide derivative 5b
inhibited AChE and BChE with ICsq values of 3.9 and 14 pM, respec-
tively. Compound 5b also displayed inhibition of rHuAChE with an ICsg
value of 21.1 pM. Interestingly, the 4-chlorophenyl analog of aplysi-
nopsin (Z)-8g has shown potent inhibition of BACE-1 with ICsq value of
0.78 puM. From the obtained results, when compared with the parent
compound aplysinopsin (1), compounds (Z)-8g and 5b have displayed
promising inhibitory potential against BACE-1 and cholinesterases,
respectively. Nevertheless, the sulphonamide derivative 5c¢ exhibited
inhibition of all three enzymes (ICsq values of 4.9, 19.3, 12.2 uM) with
superior potency over aplysinopsin.

2.4. Sulphonamide analog 5b preferentially binds at PAS of
cholinesterases

The kinetic analysis of sulphonamide derivative 5b for recombinant
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Fig. 3. NOESY correlations for E and Z-isomers of 8g. (A). NOESY correlation of (E)-8g showing the contour for N2'-Me and C7-H indicating the NOE between the
hydrogen of the double bond and the N2'-methyl group of the imidazolinone ring. (B). NOESY correlation of (Z)-8g in which there is no NOE between the hydrogen of

the double bond and the N2'-methyl group of the imidazolinone ring.
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Fig. 4. In-vitro inhibition of AChE, BhChE, and BACE-1 by natural product aplysinopsin (1) along with all synthesized compounds 5a-5c¢, 8a-8i at 10 uM. The
percentage inhibition values of AChE, BChE, and BACE-1 are represented as mean =+ SD of three independent experiments. Donepezil and BACE-1 inhibitor IV

(Calbiochem IV) were used as positive controls.

human AChE (rHuAChE) and eqBChE inhibition was performed. From
Lineweaver-Burk (LB) double-reciprocal plots (Fig. 5A and 5B), the type
of inhibition displayed by 5b was found to be mixed-type for both AChE
and BChE, with k; values of 15.1 and 12.31 uM, respectively. The

Table 2
ICs values for inhibition of cholinesterases and BACE-1 by selected compounds.

Entry ICso (M) SD*

AChE BChE BACE-1
1 33.9 +1.67 30.3 +1.31 33.7 £ 0.90
5a 25.5+2.24 10.8 £1.16 nd
5b 3.9+0.73 14.0 + 0.45 nd”
5c 4.9 + 0.68 19.3 +0.88 12.2 + 0.34
(Z)-8g na na 0.78 £ 0.04
Donepezil 0.049 + 0.001 5.52 + 1.05 nd
BACE-1 inhibitor IV nd nd 0.018 + 0.001

@ The ICso values represents the 50% inhibitory concentration of respective
enzyme (mean + SD of three experiments). nd: not determined; na: not active.
b 5b displayed 12% inhibition of BACE-1 at 10 uM.

molecular modeling studies have shown that the sulphonamide 5b oc-
cupies the active-site gorge of AChE; and primarily interacting with PAS
(Fig. 5C). The indole ring show n-n stacking with Trp 286/Tyr 341 res-
idues and aryl-sulphonyl ring with Tyr 341 of PAS. Unlike aplysinopsin,
the imidazolidin-4-one ring of 5b oriented towards the mouth of active
site gorge (i.e. in the reverse direction), showing H-bonding with Ser 293
residue. In case of BChE, the 5b oriented in opposite direction as the
imidazolidin-4-one ring was found facing towards CAS. The NH of
imidazolidin-4-one was found to display a network of H-bonding in-
teractions with Gly 78, Tyr 440, Asp 70 and Tyr 332 residues. The
central indole ring show z-n stacking with Tyr 332 residue, and sul-
phonyl oxygen display H-bonding with Ser 72 residue (Fig. 5D). The
preferential interaction with PAS of cholinesterases supported the
observed mixed-type inhibition in kinetic study. Further, to support
these findings, the affinity of 5b for the PAS binding site was assessed by
displacement of propidium iodide, an AChE ligand that binds explicitly
at its PAS binding site. Propidium iodide enhances its fluorescence in-
tensity up to eightfold after binding to AChE [38]. Therefore, the
decrease in fluorescence intensity is taken as a measure of displacement
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of propidium iodide by compound and affinity of the compound for PAS.

Compound 5b displayed propidium iodide displacement by 26% and

36% at 10, and 50 pM, respectively. This was found to be higher as
compared to donepezil, which has shown 21% and 29% displacement at
10 and 50 pM, respectively. These results supported the molecular
modeling studies i.e. interactions of 5b with the residues of PAS binding
site. In parallel artificial membrane permeability assay for blood brain
barrier (PAMPA-BBB), the analog 5b was found to be the CNS permeable
(Pe = 5.6 x 107® cm/s).
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Fig. 5. The kinetics of AChE and BChE inhibition by
sulphonamide derivative 5b and docking studies.
(A) The LB plot representing reciprocal of AChE
velocity versus reciprocal of different substrate
concentrations (0.0625-1 mM) at five different
concentrations of 5b. (B). The LB plot representing
reciprocal of BChE velocity versus reciprocal of
different substrate concentrations (0.0625-1 mM) at
five different concentrations of 5b. (C) Interactions
of aplysinopsin derivative 5b in the active site gorge
of AChE; (D) Interactions of aplysinopsin derivative
5b in the active site gorge of BChE.

2.5. Analog (Z)-8g strongly inhibits BACE-1 via mixed-type inhibition

The Lineweaver-Burk double-reciprocal plot (Fig. 6A) has indicated
the mode of inhibition for (Z)-8g as mixed-type with inhibition rate
constant (k;) of 1.14 pM. In docking studies, the chloro-phenyl ring has
shown a range of vital interactions at the active site of BACE-1 (Fig. 6B).
The most striking difference between the interaction pattern of aplysi-
nopsin and analog (Z)-8g was that the interaction of (Z)-8g with the

catalytic dyad Asp 32 and Asp 228, which is very important for BACE-1
activity. This interaction was missing in the case of aplysinopsin. In

X5uM

[V]''min/AF

A. k,(uM) + SD=1.14+0.08
©0.3125uM Type of Inhibition: Mixed
A0.625uM
0.1 1 o125uM
02.5uM

-o/ 0 0.5

1 1.5 2

[BACE-1 Substrate]! pM

Fig. 6. The kinetics of BACE-1 inhibition by analog
(Z)-8g and docking studies. (A) The LB plot repre-
senting reciprocal of BACE-1 velocity versus recip-
rocal of different substrate concentrations
(0.625-10 uM) at five different concentrations of
(Z)-8g. (B Interactions of aplysinopsin analog (Z)-8g
in the active site of BACE-1. Dark blue, light blue
and green dotted lines indicated H-bonding, n-n
bonding and cation-r interactions, respectively. (For
interpretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article.)
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PAMPA-BBB assay, the analog (Z)-8g was found to be CNS permeable
(Pe = 5.3 x 107 cm/s).

2.6. Aplysinopsin as well as two new analogs 5c and (Z)-8g inhibit the
Ap42 aggregation

The inhibitory activity of aplysinopsin (1), sulfonamide analog 5b
and 4-chlorophenyl analog (Z)-8g against the spontaneous aggregation
of Ap42 at 10 pM was determined in vitro using thioflavin T based
fluorometric assay [39]. Curcumin was used as a reference compound in
the assay which displayed 70% inhibition at 10 pM. Test compounds
have also significantly inhibited the aggregation of Af with % inhibition
values of 69.1, 94.4 and 69.8, respectively for 1, 5¢ and (Z)-8g. The
analog 5c¢ which inhibits AChE, BChE as well as BACE-1 was found to be
a potent inhibitor of AB42 aggregation displaying better activity than
aplysinopsin and curcumin.

3. Conclusion

In summary, we have identified aplysinopsin (1) as a new CNS
permeable scaffold for dual inhibition of cholinesterase and BACE-1
inhibition. Aplysinopsin is reported to possess monoamine oxidase
(MAO) inhibitory activity (ICso of 5.6 nM) [40,41], and here we found
its effect on cholinesterases and BACE-1; thus, this scaffold has multi-
targeted activities related to AD. The aplysinopsin derivative 5b is a
dual inhibitor of AChE and BChE (ICs( values of 3.9 and 14 uM), a mild
inhibitor of BACE-1, and has excellent BBB permeability. Another sul-
phonamide derivative 5¢ was also able to inhibit all three enzymes
AChE, BChE, and BACE-1 with ICsq values of 4.9, 19.3, and 12.2 uM,
respectively. The 4-chlorophenyl analog (Z)-8g is a potent BACE-1 in-
hibitor (IC5 0.78 pM) with excellent BBB permeability. Both 5¢ and (Z)-
8g also inhibited the aggregation of amyloid-p, indicating their potential
for further exploration.

The introduction of sulphonamide moiety to the aplysinopsin
structure has improved the activity against all three targets (AChE, BChE
and BACE-1); however, replacement of the indole ring of aplysinopsin
with simple aryl ring e.g. (Z)-8g has resulted in loss of anti-
cholinesterase inhibitory activity, though it has shown potent inhibi-
tion of BACE-1. Thus, for identifying a multi-targeted lead from this
scaffold, the indole ring appears to be important, and therefore future
lead optimization should be targeted at imidazolidinone core.

4. Experimental section
4.1. General

The chemicals, reagents, glassware, plasticware used in the study
were obtained from local suppliers. NMR spectra were recorded on
Brucker-Avance DPX FT-NMR 400 MHz instrument. IR spectra were
recorded on Perkin-Elmer IR spectrophotometer. HR-ESIMS spectra
were obtained from Agilent HR-ESIMS-6540-UHD machine. The en-
zymes [EeAChE, EC 3.1.1.7; eqBChE, E.C. 3.1.1.8; rHuAChE EC 3.1.1.7],
BACE-1 FRET assay kit, other reagents [acetylthiocholine iodide, S-
butyrylthiocholine iodide, Ellman reagent], positive controls [donepe-
zil, p-secretase inhibitor IV] used in biological assays were purchased
from Sigma-Aldrich. Absorbance and fluorescence readings were
recorded on Molecular Devices, and Biotage microplate readers,
respectively.

4.2. Synthesis of 2-imino-1,3-dimethylimidazolidin-4-one (3) [33]

Creatinine (2, 1 equiv.) and iodomethane (1.2 equiv.) were dissolved
in 10 ml of ethanol, and the solution was heated at reflux for 3 h. The
progress of the reaction was monitored by TLC. Solvent was removed
from the reaction mixture to get titled product 3 as light brown solid.

2-Imino-1,3-dimethylimidazolidin-4-one (3). Yield: 78%; light brown
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solid; m.p. 210-212 °C; 'H NMR (CD30D, 400 MHz): 5 4.27 (s, 2H), 3.21
(s, 3H), 3.18 (s, 3H); 3C NMR (CD30D, 100 MHz): § 170.58, 160.04,
54.54, 32.31, 26.61; IR (CHCls): umax 3440, 2922, 2852, 1695, 1633,
1554, 1382, 1261, 1020 cm’l; HR-ESIMS: m/z 128.0836 calcd for
CsHgN30 + HT (128.0818).

4.3. General procedure for synthesis of aplysinopsin (1) and its analogs
8a-8i

A mixture of the aryl/heteroaryl aldehyde (4, 7a-7i, 1 equiv.), 2-
imino-1,3-dimethylimidazolidin-4-one (3, 1.1 equiv.) and piperidine
(0.5 ml) was stirred in acetic acid (5 ml) at reflux temperature (120 °C)
for 8-12 h. The progress of the reaction was monitored by TLC. The
reaction mixture was cooled to room temperature, water (10 ml) was
added, and the mixture was basified with saturated NaHCOs3 solution
followed by stirring for 10 min. The precipitate thus obtained was
filtered and was finally dried to afford the crude product. This was pu-
rified by column chromatography (silica gel #100-200, dichloro-
methane, and methanol — 99:1-97:3) to get aplysinopsin (1) using
dichloromethane and methanol (99:1-97:3) and to get analogs 8a-8i
using ethyl acetate and hexane (5:95-50:50) as eluent.

(E)-5-((1H-Indol-3-yl)methylene)-2-imino-1,3-dimethylimidazolidin-4-
one (1). Yield: 47%; pale yellow solid; m.p. 122-124 °C; HPLC purity:
99% (tg = 9.44 min); 'H NMR (DMSO-dg, 400 MHz): § 12.05 (s, 1H),
9.29 (s, 1H), 8.98 (d, 1H, J = 2.8 Hz), 8.07 (d, 1H, J = 6.8 Hz), 7.53-7.51
(m, 1H), 7.30 (s, 1H), 7.27-7.20 (m, 2H), 3.50 (s, 3H), 3.21 (s, 3H); 13¢
NMR (DMSO-dg, 100 MHz): § 160.16, 151.83, 135.78, 131.06, 127.68,
122.73,121.97, 120.69, 118.42, 115.37, 112.31, 108.46, 28.75, 26.11;
IR (CHCl3): vmax 3390, 2953, 2918, 1653, 1558, 1492, 1457, 1428,
1401, 1243, 1226,1102, 1021 cmfl; HR-ESIMS: m/z 255.1243 calcd for
C14H14N40 + HT (255.1240).

(E)-5-(Benzo[d][1,3]dioxol-5-ylmethylene)-2-imino-1,3-dimethylimi-
dazolidin-4-one [(E)-8a]. Yield: 58%; pale yellow solid; m.p.
117-119 °C; HPLC purity: >99% (tz = 5.35 min); 'H NMR (CDCl3, 400
MHz): 67.71 (s, 1H), 7.19 (d, 1H, J = 8.4 Hz), 6.79 (d, 1H, J = 8.4 Hz),
5.98 (s, 3H), 3.21 (s, 3H), 3.15 (s, 3H); 13¢ NMR (CDCl3, 100 MHz): 6
161.72, 152.53, 147.65, 129.06, 127.41, 125.09, 113.31, 109.90,
107.94, 101.23, 27.06, 24.95; IR (CHCl3): vmax 3339, 2923, 1725, 1658,
1487, 1433, 1397, 1359, 1322, 1300, 1259, 1239, 1196, 1136, 1089,
1037 cm™!; HR-ESIMS: m/z 260.1035 caled for C;3H;3N3O3 + HY
(260.1030).

(Z)-5-(Benzo[d] [1,3]dioxol-5-ylmethylene)-2-imino-1,3-
dimethylimidazolidin-4-one [(Z)-8a]. Yield: 63%; pale yellow solid; m.
p. 148-150 °C; HPLC purity: 96% (tg = 5.4 min); 'H NMR (CDCl3, 400
MHz): § 6.81-6.77 (m, 3H), 6.60 (s, 1H), 5.99 (s, 2H), 3.18 (s, 3H), 3.04
(s, 3H); 13¢ NMR (CDCl3, 125 MHz): § 163.84, 155.04, 147.58, 147.41,
130.13, 127.12, 123.58, 109.54, 108.27, 108.22, 101.35, 31.77, 25.51;
IR (CHCI3): vmax 3316, 2922, 1734, 1674, 1646, 1501, 1487, 1441,
1395, 1351, 1316, 1260, 1241, 1136, 1120, 1098, 1036 cm '; HR-
ESIMS: m/z 260.1024 calcd for C;3H;3N303 + H (260.1030).

(E)-2-Imino-1,3-dimethyl-5-(naphthalen-1-ylmethylene)imidazolidin-4-
one [(E)-8b]. Yield: 45%; pale yellow solid; m.p. 103-105 °C; HPLC
purity: 93% (tg = 11.9 min); HNMR (CDCl3, 400 MHz): 6 7.93-7.86 (m,
4H), 7.57-7.52 (m, 2H), 7.49 (d, 1H, J = 8.0 Hz), 7.36 (d, 1H, J = 7.2
Hz), 7.31 (s, 1H), 3.18 (s, 3H), 2.73 (s, 3H); 3¢ NMR (CDCl3, 125 MHz):
6 163.54, 155.67, 133.29, 132.05, 131.18, 129.99, 129.05, 128.63,
127.50, 126.85, 126.50, 125.29, 124.79, 110.17, 29.66, 25.12; IR
(CHCl3): vmax 3428, 3056, 2924, 2852, 1766, 1720, 1663, 1589, 1507,
1467, 1432, 1392, 1309, 1262, 1221, 1159, 1126, 1102, 1083, 1053,
1037, 1017 cm™%; HR-ESIMS: m/z 266.1280 calcd for C16H15N30 + HT
(266.1288).

(E)-2-Imino-1,3-dimethyl-5-(naphthalen-2-ylmethylene)imidazolidin-4-
one [(E)-8c]. Yield: 32%; off-white solid; m.p. 309-311 °C; HPLC purity:
93% (tg = 5.32 min); 'H NMR (DMSO-de, 400 MHz): 5 8.53 (s, 1H), 8.39
(d, 1H, J = 8.8 Hz), 8.05 (d, 1H, J = 4.0 Hz), 7.87-7.83 (m, 3H),
7.51-7.48 (m, 2H), 6.42 (s, 1H), 3.22 (s, 3H), 2.95 (s, 3H); '*C NMR
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(CDCl3 + CD30D, 125 MHz,): § 134.61, 134.57, 132.25, 131.33, 129.69,
129.26, 128.74, 128.60, 127.77, 127.34, 118.68, 117.22, 30.27, 28.67;
IR (CHCl3): vmax 3400, 2922, 2853, 1662, 1588, 1568, 1454, 1408,
1383, 1345, 1297, 1270, 1243, 1206, 1145, 1049, 1021 cm '; HR-
ESIMS: m/z 266.1286 caled for C16H;sNsO + HY (266.1288).
(E)-5-(Anthracen-9-ylmethylene)-2-imino- 1,3-dimethylimidazolidin-4-
one [(E)-8d]. Yield: 47%; pale yellow solid; m.p. 247-249 °C; HPLC
purity: >99% (tg = 6.13 min); THNMR (CDCl3, 500 MHz): § 8.45 (s, 1H),
8.02-7.99 (m, 4H), 7.46-7.44 (m, 4H), 6.82 (s, 1H), 3.42 (s, 3H), 2.93 (s,
3H); 3¢ NMR (CDCl3, 125 MHz): § 160.82, 154.29, 132.63, 131.27,
129.95,129.04, 127.75, 126.63, 125.97, 125.24, 125.22, 109.73, 26.66,
24.61; IR (CHCI3): vmax 3415, 2924, 2853, 1769, 1722, 1658, 1449,
1391, 1273, 1128, 1106, 1073, 1043 cmfl; HR-ESIMS: m/z 316.1438
caled for CooH17N3O + HT (316.1444).
(Z)-5-(Anthracen-9-ylmethylene)-2-imino- 1,3-dimethylimidazolidin-4-
one [(Z)-8d]. Yield: 38%; pale yellow solid; m.p. 142-144 °C; HPLC
purity: >99% (tg = 6.27 min); THNMR (CDCl3, 400 MHz): 6 8.50 (s, 1H),
8.06-8.0 (m, 4H), 7.52 (s, 5H), 3.23 (s, 3H), 2.27 (s, 3H); 3¢ NMR
(CDCl3, 125 MHz): 6 163.12, 155.42, 132.63, 130.97, 130.33, 128.94,
127.99, 126.58, 126.18, 125.67, 125.62, 108.36, 28.06, 25.17; IR
(CHCl3): vmax 3433, 3052, 2925, 2854, 1770, 1724, 1667, 1623, 1519,
1443,1392,1297,1271,1222,1128,1106,1073,1044, 1016 cmfl; HR-
ESIMS: m/z 316.1438 calcd for CooH17N30 + H' (316.1444).
(E)-5-(2,3-Dimethoxybenzylidene)-2-imino-1,3-dimethylimidazolidin-4-
one [(E)-8e]. Yield: 59%; off-white solid; m.p. 107-109 °C; HPLC purity:
99% (tg = 6.96 min); "H NMR (CDCls, 400 MHz): 5 7.73 (dd, 1H, J = 8.0,
1.2 Hz), 7.07 (t, 1H, J = 8.0 Hz), 6.93 (dd, 1H, J = 8.8, 1.2 Hz), 6.57 (s,
1H), 3.88 (s, 3H), 3.84 (s, 3H), 3.25 (s, 3H), 3.10 (s, 3H); '*C NMR
(CDCl3, 125 MHz): 6§ 161.67, 153.79, 152.32, 147.66, 129.71, 126.65,
123.44,122.73,113.37,111.39, 61.17, 55.85, 26.48, 24.64; IR (CHCl3):
Umax 3416, 2923, 2852, 1762, 1714, 1633, 1576, 1475, 1454, 1425,
1392, 1293, 1266, 1224, 1169, 1102, 1080, 1050, 1009 Cmfl; HR-
ESIMS: m/z 276.1350 calcd for C;4H;7N303 + HT (276.1343).
(Z)-5-(2,3-Dimethoxybenzylidene)-2-imino-1,3-dimethylimidazolidin-
4-one [(Z)-8e]. Yield: 43%; off-white solid; m.p. 103-105 °C; HPLC
purity: 98% (tg = 7.16 min); TH NMR (CDCl3, 400 MHz): 6 7.06 (t, 1H, J
=8.0Hz),6.92 (d, 2H, J=9.6 Hz), 6.78 (d, 1H, J = 7.2 Hz), 3.89 (s, 3H),
3.81 (s, 3H), 3.14 (s, 3H), 2.94 (s, 3H); '3C NMR (CDCl3, 125 MHz): 5
163.63, 155.80, 152.71, 147.55, 130.54, 127.18, 123.57, 122.55,
112.75, 108.16, 60.73, 55.82, 29.69, 25.02; IR (CHCl3): vmay 3416,
2921, 2851, 1769, 1721, 1665, 1577, 1471, 1432, 1393, 1318, 1275,
1127, 1076, 1050 cm™!; HR-ESIMS: m/z 276.1357 caled for
C14H17N303 + H' (276.1343).
(E)-2-Imino-1,3-dimethyl-5-(2,4,5-trimethoxybenzylidene)imidazoli-
din-4-one [(E)-8f]. Yield: 67%; pale yellow solid; m.p. 178-180 °C;
HPLC purity: 97% (tg = 6.26 min); TH NMR (CDCl3, 400 MHz): 6 8.38 (s,
1H), 6.69 (s, 1H), 6.49 (s, 1H), 3.94 (s, 6H), 3.88 (s, 3H), 3.25 (s, 3H),
3.13 (s, 3H); 13C NMR (CDCls, 125 MHz): § 162.17, 153.62, 152.98,
151.10, 142.42, 126.88, 113.60, 113.19, 112.25, 96.04, 56.51, 56.40,
56.01, 26.47, 24.69; IR (CHCl3): vmax 3400, 2955, 2922, 2852, 1760,
1715, 1658, 1608, 1512, 1464, 1394, 1344, 1318, 1284, 1209, 1113,
1097, 1029 cm™'; GC-MS (EI) m/z (%): 307.3 (5.57), 306.3 (M*+1,
35.73), 284.2 (2.99), 281.2 (7.47), 275.3 (1.18), 260.2 (2.99), 231.2
(4.75), 209.1 (4.75), 206.2 (18.2), 178.2 (9.78), 137.2 (5.43), 110.97
(5.42), 97.1 (5.43).
(Z)-2-Imino-1,3-dimethyl-5-(2,4,5-trimethoxybenzylidene)imidazoli-
din-4-one [(Z)-8f]. Yield: 51%; pale yellow solid; m.p. 157-159 °C;
HPLC purity: 98% (tg = 6.03 min); TH NMR (CDCl3, 400 MHz): 6 6.90 (s,
1H), 6.71 (s, 1H), 6.52 (s, 1H), 3.93 (s, 3H), 3.84 (s, 6H), 3.13 (s, 3H),
3.02 (s, 3H); 13C NMR (CDClg, 100 MHz): § 163.79, 156.13, 152.72,
150.67, 142.57, 129.36, 114.30, 112.73, 108.88, 96.94, 56.65, 56.23,
56.12, 30.03, 24.95; IR (CHCl3): vmax 3426, 2954, 2925, 2852, 1761,
1716, 1659, 1608, 1582, 1511, 1465, 1343, 1313, 1284, 1208, 1113,
1029 Cmfl; GC-MS (EI) m/z (%): 306.3 (M++l, 94.01), 291.3 (17.35),
275.3 (37.58), 260.3 (10.92), 231.2 (9.1), 206.2 (60.67), 178.2 (27),
174.2 (14.09), 162.2 (6.05), 137.3 (9.1), 110.7 (8.45), 92.1 (7.45), 63.1
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(7.05).
(E)-5-(4-Chlorobenzylidene)-2-imino-1,3-dimethylimidazolidin-4-one
[(E)-8g]. Yield: 87%; off-white solid; m.p. 122-124 °C; HPLC purity:
98% (tg = 10.77 min); 'H NMR (CDCls, 500 MHz): §7.85 (d, 2H, J = 8.5
Hz), 7.34 (d, 2H, J = 8.5 Hz), 6.15 (s, 1H), 3.22 (s, 3H), 3.11 (s, 3H); 3¢
NMR (CDCl3, 125 MHz): 6 161.67, 153.63, 134.76, 131.54, 130.93,
129.59, 128.46, 115.56, 26.41, 24.73; IR (CHCl3): vmax 3391, 2954,
2919, 2848, 1752, 1707, 1632, 1491, 1452, 1426, 1387, 1347, 1296,
1269, 1089, 1050, 1014 cm™'; GC-MS (ED) m/z (%): 252.1 (35.62),
250.2 (M*, 96.24), 249.3 (19.86), 165.2 (81.18), 152.2 (32.9), 151.2
(8.96), 150.2 (99.7), 123.2 (22.79), 114.2 (10.14), 89 (10.71), 63

(9.21).
(Z)-5-(4-Chlorobenzylidene)-2-imino-1,3-dimethylimidazolidin-4-one
[(Z)-8g]. Yield: 63%; off-white solid; m.p. 95-97 °C; HPLC purity: 98%
(tg = 10.36 min); 'H NMR (CDCl3, 400 MHz): 6 7.37 (d, 2H, J = 8.4 Hz),
7.23(d, 2H, J = 8.4 Hz), 6.86 (s, 1H), 3.14 (s, 3H), 2.96 (s, 3H); *C NMR
(CDCl3, 125 MHz): § 163.58, 155.83, 134.44, 131.14, 130.73, 130.16,
128.54,110.68, 30.46, 25.12; IR (CHCIl3): vmax 3429, 2924, 2853, 1830,
1770, 1721, 1662, 1592, 1489, 1464, 1435, 1393, 1315, 1269, 1212,
1123, 1094, 1052, 1014 Cmfl; GC-MS (EI) m/z (%): 252.1 (30.48),
251.2 (M"+1, 20.02), 250.2 (M*, 99.96), 166.2 (8.19), 165.2 (76.95),
152.3(29.79), 150.3 (94.75), 123.3 (21.94), 114.3 (9.83), 103.2 (8.49),

89 (10.67), 63 (7.45).

(E)-5-(3-Bromobengzylidene)-2-imino-1,3-dimethylimidazolidin-4-one
[(E)-8h]. Yield: 75%; brown solid; m.p. 156-158 °C; HPLC purity: 98%
(tr = 11.33 min); '"H NMR (CDCls, 400 MHz): 5 8.08 (s, 1H), 7.81 (d, 1H,
J=28.0Hz), 7.46 (d, 1H, J = 8.0 Hz), 7.24 (d, 1H, J = 8.0 Hz), 6.13 (s,
1H), 3.23 (s, 3H), 3.12 (s, 3H); °C NMR (CDCls, 100 MHz): § 161.52,
153.61, 134.48, 132.82, 131.67, 130.19, 129.66, 128.73, 122.19,
114.86, 26.40, 24.74; IR (CHCI3): vmax 3411, 3048, 2920, 1758, 1709,
1628, 1588, 1556, 1462, 1428, 1394, 1340, 1297, 1273, 1102, 1077,
1054 Cmfl; GC-MS (EI) m/z (%): 296.1 (M"+1, 99.93), 295.3 (33.94),
293.7 (16.69), 215.2 (13.9), 209.2 (64.78), 194.3 (47.4), 167.2 (6.35),
115.2 (30.53), 114.3 (17.91), 102.2 (8.49), 89.0 (20), 63.0 (12.07).

(Z)-5-(3-Bromobengzylidene)-2-imino-1,3-dimethylimidazolidin-4-one
[(Z)-8h]. Yield: 67%; pale yellow solid; m.p. 113-115 °C; HPLC purity:
98% (tg = 11.21 min); 'H NMR (CDCl3, 400 MHz): § 7.49-7.45 (m, 2H),
7.25-7.21 (m, 2H), 6.84 (s, 1H), 3.14 (s, 3H), 2.96 (s, 3H); '°C NMR
(CDCl3, 125 MHz): § 163.44, 155.71, 134.76, 132.18, 131.31, 130.46,
129.68, 127.95, 122.27, 110.06, 30.43, 25.10; IR (CHCl3): vmax 3427,
2953, 2922, 2851, 1769, 1720, 1659, 1592, 1558, 1467, 1433, 1392,
1311, 1268, 1120, 1092, 1071, 1052 cm71; GC-MS (EI) m/z (%): 296.1
(M"+1, 99.97), 295.3 (33.26), 293.6 (19.48), 215.1 (14.06), 209.2
(66.36), 194.3 (51.65), 169.2 (6.65), 115.2 (31.6), 114.2 (18.95), 103.2
(8.34), 89.0 (18.78), 63.0 (14.15).

(E)-5-(2,4-Dichlorobenzylidene)-2-imino-1,3-dimethylimidazolidin-4-
one [(E)-8i]. Yield: 82%; off-white solid; m.p. 168-170 °C; HPLC purity:
97% (tgr = 14.64 min); TH NMR (CDCl3, 500 MHz): 6 7.94 (d, 1H, J = 8.5
Hz),7.42(d, 1H,J = 2.0 Hz), 7.25 (dd, 1H, J = 8.5, 2.0 Hz), 6.35 (s, 1H),
3.25 (s, 3H), 3.09 (s, 3H); 13C NMR (CDCl3, 125 MHz): § 161.51, 153.65,
135.03,134.69, 132.33,130.68,129.16, 129.02, 126.67, 110.88, 26.47,
24.73; IR (CHCI3): vmax 3410, 3073, 2920, 1766, 1717, 1650, 1584,
1548, 1471, 1449, 1426, 1391, 1334, 1303, 1266, 1093, 1046 cm™};
GC-MS (EI) m/z (%): 252.1 (3.92), 251.1 (31.37), 250.2 (11.71), 249.4
(100), 234.6 (4.43), 184.4 (14.81), 157.3 (6.9), 114.3 (4.42).

4.4. General procedure for synthesis of indolic NH-substituted
aplysinopsin analogs 5a-5¢

The solution of aplysinopsin (1, 1 equiv.) in methylene chloride was
stirred at room temperature. DMAP (0.05 equiv.), aryl sulfonyl chloride
(1.1 equiv.) and N,N-diisopropylethylamine (1.5 equiv.) were added to
this solution, and reaction was allowed to stir at rt for 20 h. After
completion of the reaction, 10% HCl was added, and product was
extracted with methylene chloride. The solvent was evaporated on
rotavapor, and the obtained crude product was purified by silica gel
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chromatography to get the titled products 5a-5c.

(E)-2-Imino-1,3-dimethyl-5-((1-tosyl-1H-indol-3-ymethylene)imida-
zolidin-4-one (5a). Yield: 42%; pale brown solid; m.p. 244-266 °C; HPLC
purity: 99% (tg = 10.25 min); 14 NMR (CDCl3, 400 MHz): 6§ 9.02 (s, 1H),
8.03 (d, 1H, J = 8.0 Hz), 7.86 (d, 2H, J = 8.4 Hz), 7.59 (d, 1H, J = 7.6
Hz), 7.36-7.29 (m, 3H), 7.22 (d, 2H, J = 8.4 Hz), 6.07 (s, 1H), 3.28 (s,
3H), 3.22 (s, 3H), 2.32 (s, 3H); 1°C NMR (CDCl3, 125 MHz): 5 161.96,
152.44, 144.93, 135.26, 135.18, 134.43, 130.65, 130.23, 129.91,
129.89,127.51,127.01, 124.82,123.31, 118.26, 114.35, 113.84, 99.96,
27.06, 25.07, 21.57; IR (CHCl3): vmax 3340, 2923, 2853, 1726, 1667,
1633, 1448, 1433, 1399, 1373, 1306, 1262, 1173, 1213, 1188, 1097,
1020 cm™}; HR-ESIMS: m/z 409.1324 caled for CoiHaoN4O3S + HY
(409.1329).

(E)-2-Imino-5-((1-((4-methoxyphenyDsulfonyl)-1H-indol-3-yl)methy-
lene)-1,3-dimethylimidazolidin-4-one (5b). Yield: 45%; pale yellow solid;
m.p. 259-261 °C; HPLC purity: 99% (tg = 12.03 min); 'H NMR
(DMSO-dg, 400 MHz): 5 8.90 (s, 1H), 7.89 (t, 2H, J = 7.2 Hz), 7.82 (d,
2H, J = 8.8 Hz), 7.35-7.25 (m, 3H), 7.03 (d, 2H, J = 8.8 Hz), 6.16 (s,
1H), 3.71 (s, 3H), 3.19 (s, 3H), 3.04 (s, 3H); 1°C NMR (CDCls, 125 MHz):
6 163.75, 161.65, 152.47, 134.09, 130.60, 129.24, 127.51, 124.77,
123.24, 118.23, 114.45, 113.78, 100.11, 55.60, 27.05, 25.06; IR
(CHCl3): vmax 3445, 2080, 1634, 1165, 1018 Cmfl; HR-ESIMS: m/z
425.1275 calcd for C21H20N404S + HJr (425.1278).

(E)-2-Imino-1,3-dimethyl-5-((1-(naphthalen-2-ylsulfonyl)-1H-indol-3-
yDmethylene)imidazolidin-4-one (5¢). Yield: 34%; pale yellow solid; m.p.
224-226 °C; HPLC purity: >99% (tz = 9.78 min); 'H NMR (CDCls +
CD30D, 400 MHz): §9.11 (s, 1H), 8.63 (s, 1H), 8.10 (d, J = 8.8 Hz, 1H),
8.01 (d, J = 7.2 Hz, 1H), 7.89-7.84 (m, 3H), 7.65-7.61 (m, 3H),
7.38-7.31 (m, 3H), 6.25 (s, 1H), 3.32 (s, 3H), 3.26 (s, 3H); 13C NMR
(CDCl3 + CD30D, 125 MHz): 6 135.22, 134.53, 134.30, 131.80, 130.48,
129.72,129.67,129.43,129.42, 128.68, 127.78,127.71, 127.67, 125.0,
123.53, 121.35, 118.37, 114.39, 113.60, 27.0, 24.95; IR (CHCI3): vmax
3391, 2955, 2923, 2853, 1650, 1463, 1384, 1020 cm ™ '; HR-ESIMS: m/z
445.1331 caled for CoqHooN4O3S + HT (445.1329).

4.5. Invitro AChE and BChE inhibition assay

The anti-cholinesterase effect of test compounds was determined
using Ellman assay as described in our earlier publications [16,34,35].
The AChE from electric eel and BChE from equine serum were used for
all inhibition studies. The enzyme inhibition constants and the type of
inhibition (kinetics studies) for inhibition of rHuAChE and eqBChE was
also performed as described earlier [16,34,35].

4.6. Fluorescence resonance energy transfer (FRET) assay

The inhibition of BACE-1 enzyme by test compounds was determined
by a fluorescent based FRET assay, as described earlier [16]. The kinetic
study of (Z)-8g with BACE-1 was performed using five different con-
centrations of the substrate (0.625-1 pM for each concentration of (Z)-
8g). Five concentrations of (Z)-8g (0.3125-10 pM) and a parallel control
with no inhibitor in the mixture were used for the study. To a 96 well
black polystyrene microplate 10 pL test compound, 20 pL substrate and
68 uL FAB were added. The fluorimeter was set on well plate reader
mode with respective excitation and emission wavelengths at 320 nm
and 405 nm. Initial fluorescence was measured immediately after the
addition of two microliter BACE-1 enzyme. The plate was then covered
and incubated for 4 hr at 37 °C. After 4 hr of incubation, final fluores-
cence was measured. Difference between the initial and final fluores-
cence readings gives A fluorescence which is used for calculations.
Background signal pertaining to the substrate was measured in control
wells and was subtracted.

4.7. Propidium iodide displacement assay

Binding of the test compounds to the PAS of AChE can be determined
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by propidium-iodide displacement assay via competitive displacement
of propidium iodide by the compounds. Tris HCI (1 mM, pH 8.0) is used
as the buffer for dilutions in the assay. Briefly 5U of EeAChE was incu-
bated with/without test compounds (150 pL, final concentrations of 10
and 50 pM) at 25 °C for 6 h. Propidium iodide (1 pM, 50 pL) was added
and the assay mixture was incubated for 10 min at 25 °C. The fluo-
rometer was set on well plate reader mode with excitation at 535 nm and
emission at 595 nm, respectively. After incubation, fluorescence in-
tensities were measured. The background signal was measured from
control wells containing all reagents (except EeAChE) and was sub-
tracted. Each concentration was assayed in triplicate. The percentage
inhibition was calculated using the following formula: 100 — (IF;/IFy x
100), where IF; and IF, are the fluorescence intensities with and without
inhibitor, respectively.

4.8. In vitro BBB permeation assay

Test compound was dissolved in DMSO at 5 mg/mL concentration,
and was further diluted with PBS buffer (pH 7.4) to 50 pg/mL. The filter
membrane of donor plate was coated with PBL in dodecane (selected
empirically as 4 L volume of 20 mg/mL PBL in dodecane). To this plate
was added, 0.2 ml of test compound solution. The acceptor plate was
also filled with 0.15 ml of PBS buffer (pH 7.4), and it was carefully put
below the donor plate to form a ’sandwich’. The plate was kept at 25 °C,
for 18 hrs. The concentration of test sample in the donor and acceptor
wells was determined using UV plate reader, at the respective Apax Of the
test compound. The assay was first validated using three known drugs,
which were covering the permeability (Pe, x 10~° cm/s) range of 1-12.
Donepezil was used as a high permeability standard and theophylline as
a low permeability standard. The effective permeability coefficient (Pe)
of the compound was calculated by using following equation [42].

d
P.=Cx—Ln I—M
(drug]

equillibrium

where C = (Vp x Va)/(Vp + Va) x Area x Time. Here, Vp and V, are the
volume of solution in the donor side and acceptor side, respectively.
Area is the membrane area, and Time is the incubation time of the
experiment.

4.9. Ap42 self-aggregation inhibition assay

Amyloid beta 1-42 rat peptide (Sigma-Aldrich, Saint Louis) was
dissolved in 10% (w/v) ammonium hydroxide (NH4OH) at a concen-
tration of 0.5 mg/ml. This peptide solution was incubated for ten mi-
nutes at room temperature followed by removal of NH4OH using
vacuum concentrator resulting in a fluffy white peptide [43]. Immedi-
ately before the assay, NH4OH pretreated A42 was reconstituted in a
mixture of CH3CN/0.3 mM NayCO3/250 mM NaOH (48.4:48.4:3.2) to
obtain a 200 pM solution. Aggregation assays were performed by incu-
bating the peptide with and without inhibitors (final Ap and inhibitor
concentrations of 20 and 10 pM, respectively) in phosphate buffer (10
mM, pH = 8.0) containing 10 mM NaCl, for 24 h at 30 °C (Ap/inhibitor
= 2/1). All the assays were carried out in duplicate in 96-well black
microtiter plates. Thioflavin T (ThT) fluorescence method was used for
the quantification of amyloid fibrils formation. After the incubation
period ThT was added to the assay solutions at a final concentration of
40 pM (final assay volume: 200 pL) and fluorescence intensity was
recorded with 446/490 nm excitation/emission filters set for 300 s at an
interval of 30 s [44]. Blanks containing only tested inhibitors and ThT
were also checked simultaneously for subtracting the background signal.
The percentage inhibition due to the presence of test compound was
calculated by the following expression: 100 — (IF;/IF, x 100) where IF;
and IF, are the respective fluorescence intensities obtained in the pres-
ence and in the absence of inhibitor, respectively.
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4.10. Molecular modelling

The crystal structure of human AChE (PDB ID: 4EY7) [45], human
BChE (PDB ID: 6EP4) [46] and BACE-1 (PDB: 4B05) [8] were retrieved
from protein data bank and were used for molecular modelling studies
under default settings from Glide. The docking was performed as
described earlier [16].
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