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Abstract: One new, 10, 11-dioxo-6,7a-erythraline epoxide (1) and four known erythrinan alkaloids 10, 11-dioxo-
erythraline (2), erysodine (3), 8-oxo-erythraline (4) and erythraline (5) were isolated from the 70% methanolic
extract of stems of E. Corallodendron (Fabaceae). The isolated compounds were elucidated by exploiting 1D/2D
NMR, and HR-ESI-MS analysis. The absolute configuration of 1 was determined by electronic circular dichroism
(ECD). Mono Amine Oxidase inhibitory activity of the isolated alkaloids was investigated in vitro using
kynuramine deamination assay on recombinant human MAO-A and B enzymes. The binding modes were
predicted by molecular docking and the structure activity relationships of erythrinans were then evaluated. All
isolated alkaloids demonstrated preferential activity against MAO-B. 1 displayed the highest potency and
selectivity against MAO-B with 1Cs of 25.18 uM, (SI >3.97). The selective inhibition exhibited by erythrinan
alkaloids against MAO-B is in line with the expected biological impact of Erythrina in the treatment of
neurodegenerative diseases and presents this chemical class as promising leads for managing AD and PD diseases.

Keywords: Erythrina corallodendron; alkaloids; Alzheimer’s disease; Parkinson’s disease; selective MAO-B
inhibitors; docking. © 2021 ACG Publications. All rights reserved.

1. Introduction

Alzheimer’s disease (AD) is one of most devastating neurodegenerative disease, affecting more than
25 Million people worldwide, which end with death in the average of 9 years after diagnosis [1]. In the
USA, it considered the sixth leading cause of death [1]. Parkinson’s disease (PD) is the 2" common
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neurodegenerative disorder with a worldwide prevalence of about 0.3 % of the population; with
deterioration of the motor functions. It was estimated that the mortality rate associated with PD is 1.5-
2.4, which resulted from the disease complications [2]. The need for alternative strategies to tackle and
modify AD and PD by alternate mechanisms is highly required.

Monoamine oxidases are metabolizing enzyme systems responsible for the oxidative deamination
of the monoamine neurotransmitters. According to substrate specification they are divided into two
isoforms MAO-A and B. The increased activity of MAQOs especially in the elderly population has been
recently involved in the pathogenesis not only the neurodegenerative diseases but also in other disorders
such as heart failure [3]. MAO-B is located mainly in human brain and its level is increased up to three
times in elderly people. A solid relation between the elevated MAO-B level and the increased
precipitation of plagues into neurons of AD’s patients as well as the neuronal cell death is well proved
[4]. The formation of 1-methyl-4-phenylpyridium ion (MPP?), a potent neurotoxin in the PD, is
catalyzed mainly by MAO-B, consequently MAO-B inhibitors could modify PD progression by
decreasing MPP*-related neurotoxicity [5]. Additionally, MAO-B inhibitors could also act as a mono
therapy in the early stage treatment of PD by increasing the availability of dopamine (DA) and also as
a first line alternative to dopamine agonists and L-DOPA avoiding their known motor side effects [6,7].
For these reasons the inhibition of MAO-B is now considered as an important target for the treatment
of neurodegenerative diseases mainly AD and PD for elderly population [7]. Genus Erythrina is
belonging to family Fabaceae, it has well-known neurological activity in the folk medicine as a
treatment of anxiety, insomnia, convulsion and AD [16]. Many Erythrina species have been proved to
have CNS activity as tranquilizer, anticonvulsant [9-12], and anxiolytic [13], also a neuroprotective
activity against a PD neurotoxin 6-hydroxydopamine [14], and against Trypanosoma induced
meningoencephalitis [15], further more acetylcholine releasing activity alleviating the AD symptoms
[13]. Further studies revealed that the anti-convulsion, hypnotic and anxiolytic activities were suggested
to be related to erythrinan alkaloids [12,17,18]. Despite of the known neurological properties of
Erythrina but to the best of our knowledge this study is the first that examine the MAO inhibition
potentiality of erythrinan alkaloids. In this study, we evaluated a series of erythrinan alkaloids isolated
from the methanolic extract of E. corallodendron stems against recombinant human monoamine oxidase
enzymes using in vitro study accompanied with modeling study to illustrate the proposed mechanism of
interaction of erythrinans with the MAO receptor.

2. Materials and Methods
2.1. General Procedure

The chromatographic separation was carried out on open column chromatography using standard
silica gel (40-63um, 230-400 mesh, Sorbent Technologies) reversed phase (RP-C18) silica gel (0.04 -
0.063 mm, mesh size, Merck, Germany) and Sephadex LH-20 (0.25 - 0.1 mm, mesh size, Mitsubishi
Kagaku, Tokyo, Japan). Precoated silica gel 60-F2s4, (0.25 mm) plates for thin layer chromatography.
Vanillin/H2SO4 (10% v/v conc. sulphuric acid in ethanol) and Dragendorff’s reagent, Fluka, spraying
agent for visualization spots on TLC plates. The 'H and *C NMR experiments were carried out on
Bruker AMX-400 and 500 MHz NMR spectrometer at standard pulse sequence 400, 500MHz for *H
and 100, 125MHz for **C NMR respectively, CDCl; and DMSO were used as solvent, the DEPT and
2D-NMR experiments (HMQC, HMBC, NOSEY) carried out using standard Bruker pulse programs.
The optical rotation was measured on Rudolph Research Analytical Autopol 1V automatic polarimeter,
the ECD data were measured using Olis Cary-17 spectrophotometer. The HR-ESI-MS was recorded on
Bruker Bioapex-FTMS, direct injection with electrospray ionization. Recombinant Human MAO-A and
MAO-B were obtained from BD Biosciences (Bedford, MA, USA), drug control, Clorgyline, Deprenyl,
Phenelzine, (positive control) and DMSO (negative control) were purchased from Sigma Chemical (St.
Louis, MO, USA). The MAOQ inhibition assay was carried on Spectra- Max M5 fluorescence plate reader
(Molecular Devices, Sunnyvale, CA, USA).
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2.2. Plant Material

The stems of Erythrina corallodendron were collected from El-Zohria botanical garden-Giza-Egypt
in March 2012 and it was identified by Prof. Dr. Salwa El-Kawatchy, Department of systematic plant
taxonomy, The National Research Centre, Cairo, Egypt. A voucher specimen (No. M125) was preserved
in the herbarium of The National Research Centre (CAIRC), Cairo, Egypt.

2.3. Extraction and Isolation

The powdered air-dried stems of E. corallodendron (2 kg) was extracted by maceration in methanol
70% (10 L x 3) at room temperature. The combined methanolic extracts were evaporated under reduced
pressure to afford 150 g crude methanolic extract which was mixed with 60 g Celite (by adsorbing the
sample onto celite) and fractionated on 650 g silica gel reversed phase (RP-18) using vacuum liquid
chromatography (RP-18VLC), eluted with H,O:MeOH mixtures of decreasing polarities starting with
100% H,O then MeOH was increasing gradually (20%, 40%, 50%, 75 % and 100%) (S-1) system. The
resulted fractions were screened on silica gel thin layer chromatographic plates (TLC) sprayed with
vanillin-H,SO4 and Dragendorff’s spraying agents. Accordingly, four combined fractions were obtained
A-D. Fractions B (1.3 g) and C (3.1 g) each of them was further fractionated on 75 g silica gel (RP-18
VLC) eluted with S-1system resulted in five main subfractions each. Subfraction B-2 subjected to
further separation on Sephadex LH-20 Column Chromatography (CC) eluted with 100% MeOH,
followed by silica gel CC using DCM: MeOH eluting system 99:1-19:1 affording compound 1(1.4 mg)
new alkaloid. Both subfractions C-2 and C-3 were fractionated on Sephadex LH-20 CC eluted with
100% MeOH, followed by silica gel CC using DCM: MeOH eluting system 99:1-19:1 to afford 3
(10mg), 2 (1.5mg) , 4 (2mg) and 5 (4mg), respectively.

Compound 1 was obtained as amorphous solid (1.4 mg), [0]o%® :+100 MeOH (¢ 5x10?) HR-ESI-
MS, [M+H]*at m/z 342.0991, (calcd. For C1sH1NOs, 342.0978), CD (MeOH) A (6): 220.6 (-147 x 10°),
312.8 (6 x 10%) nm. H and **C NMR data (table 1).

2.4. Monoamine Oxidase Inhibitor Assay

The inhibitory activity of the isolated erythrinans (1-5) from E. corallodendron stems were
evaluated in vitro by applying the kynuramine deamination assay on human recombinant MAO-A and
B enzymes according to the previously reported method [19]. The inhibitory activity was calculated as
percent of deamination product formation compared to the corresponding control (enzyme—substrate
reaction) without inhibitors. Control assays were setup in the same instance after stopping the reaction
with the isolated compounds to check their interference with the fluorescence measurements, (enzyme
or substrate with isolated compound). The ICs values for MAO-A and -B inhibition were calculated
from the concentration dependent inhibition curves using XLFit software.

2.5. Molecular Modeling Study
2.5.1. Conformational Search

All proposed stereoisomers of the isolated compounds were sketched, converted into 3D and energy
minimization in Maestro. Mixed torsional/low-mode sampling in MacroModel was used to construct all
possible structural conformations. A maximum of 1000 steps to construct a unique conformer, and up
to 100 steps for rotatable bond were selected for conformer generations. The maximum energy
difference between the lowest and highest energy conformers was up to 10 kcal/mol. To get rid of
redundant conformers and to keep only unique ones, a root mean square deviation (RMSD) of less than
0.3 A was used to distinguish between similar conformers. Powell-Reeves conjugate gradient (PRCG)
method was used for energy minimization of generated conformers setting a convergence threshold of
0.005. This step was then followed by a second minimization to assure optimal geometry optimization.
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2.5.2. Geometry Optimization and ECD Calculation

The Boltzmann’s population was calculated for each set of conformers to define the most
abundant ones in the series. The B3LYP hybrid density functional method at 6-31G (d,p) basis set
level(20) in Gaussian 09 (21) was used for geometry optimization step. The geometry optimized
conformers were then subjected to the electronic circular dichroism (ECD) calculation using time-
dependent B3LYP density functional at 6-31G (d,p) basis set level with 40 excited states. The calculated
ECD spectra were averaged based on the Boltzmann’s distribution of each conformer using SpecDis.
The calculated and experimental spectra were then compared for matching.

2.6. Molecular Docking

Molecular structures of the compounds were curated using LigPrep (LigPrep, Schrodinger,
LLC: New York, NY, 2017). OPLS3 force field was used for molecular parameterization. Protonation
and tautomerization states of ligands were generated at pH 7.4 using Epik [22, 23]. The stereochemical
information was retained during this step and the lowest energy conformer for each ligand was
generated. The protein complexes of MAO-A (PDB ID: 2Z5X) (24) and MAO-B (PDB ID: 4A7A) (25)
were downloaded from the protein databank repository (www.pdb.org). Protein preparation wizard was
utilized to prepare the protein complexes for docking [26] by adjusting atom types and bond orders,
adding missing hydrogen atoms, filling in missing amino acid side chain and loops Prime [27,28] and
deleting water molecules beyond 5.0 A from ligand atoms. The hydrogen bonds network was analyzed
by sampling water molecules and amino acid side chains orientation at pH 7.4 using PROPKA to allow
for their proper assignments. Water molecules that form more than three hydrogen bonds with non-water
residues were kept. To reduce atomic clashes, protein complexes were energy minimized.

The ligand binding pocket of each protein complex was defined by the atomic coordinates of
native ligand. Soft docking approach was applied via scaling the VVan der Waals radii non-polar atoms
by a factor of 0.8. A partial charge cutoff of 0.25 was set. Standard precision (SP) docking option was
used. The docking poses were ranked and the best scoring one was selected for further investigation.

3. Results and Discussions
3.1. Structure Elucidation

The phytochemical study of the 70% methanolic extract of E. corallodendron stems resulted in
isolation of one new 10, 11-dioxo0-6,7a-erythraline epoxide (1) and four known erythrinan alkaloids: 10,
11-dioxo-erythraline (2) [29], erysodine (3) [30], 8-oxo-erythraline (4) [31] and erythraline (5) [30]
(Figure 1). The *H and 3C NMR spectral data and HRESIMS (see supplementary data) of the known
compounds are in good agreement with the previously published data [31]. The orientation of the epoxy
group in compound Al was determined by the 2D NOESY experiment, where cross peak correlations
between H-7/H-1, H-1/H-2, H-2/H-3 were detected (Figure 2). Biogenetically the H-3 exhibited S
configuration as all erythrinan alkaloids [29], which indicates cis conformation of both epoxy ring and
methoxy group at C-3 position. Further confirmation obtained by the molecular modeling study which
revealed that the most abundant conformers of the optimized structure of compound Al displayed cis
orientation of both groups (Figure 3). The Absolute configuration of C-7 was determined to be S by the
CD experiment accompanied with the ECD calculation. The experimental CD curve matches with the
calculated curve of (6, 7 R, S) conformer with —ve cotton effect at ~ 230 nm (Figure 4), furthermore the
positive sign of the optical rotation value of compound Al indicating that the absolute configuration of
C-3isRand C-5is S [29,33].



MAO-B linhibitors from Erythrina corallodendron 372

2 RIZRZZO, R3:H2
1 4 Rl:Rzsz, R3:O 3
5 R] :R2:R3:H2

Figure 1. Chemical structures of isolated erythrinan alkaloids from E. corallodendron
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Figure 3. The most abundant conformers of the optimized structure of compound 1
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Figure 4. ECD calculated curve of the compound 1 matched with the experimental
curve in black with negative cotton effect at ~230 nm

Compound 1 was obtained as amorphous solid (1.4 mg), [a]o® :+100 MeOH (c 5x10?), the
molecular formula was confirmed to be CigHisNOs from the HR-ESI-MS which showed quasi-
molecular ion peaks [M+H]*at m/z 342.0991, (calcd. 342.0978). The *H NMR (Table 1) spectrum
showed the main features of erythrinan alkaloids, the biogenetic methoxy group appeared at on 3.02
(3H, s, OMe) [29], two ortho coupled olefinic proton signals at on 5.91 (1H, dd, J=10.4, 2.4 Hz, H-1),
on 6.33 (1H, d, J=10.4 Hz H-2), AX; system represented by nitrogen bearing methylene protons which
resonated at on 3.87 (1H, dd, J= 11.6, 1.2 Hz, H-8p), on 4.2 (1H, d, J= 11.6 Hz, H-8a) and coupled with
methine proton signal at oy 3.75 (1H, d, J= 1.2 Hz, H-7), multiplet signal at oy 3.8 (1H, m, H-3)
corresponding to oxymethine proton and methylene protons Jn 2.24 (1H, dd, J=5, 1.2 Hz, H-4e), Jn
2.31 (1H, d, J= 10, Hz, H-4a). The spectrum displayed two singlet para aromatic protons at on 7.27
(1H, s, H-14), 6n 7.47 (1H, s, H-17), two proton signals resonating at o 6.12 (1H,d , J=1.2 Hz, OCH,0),
on 6.13 (1H, d, J=1.2 Hz, OCH0), corresponding to methylenedioxy group, in pattern similar to
erythraline alkaloid 5 [30] but with oxygenation at C-11 position and one olefinic proton missing H-7
of the dienoid system which characterizes the erythrinan alkaloids. The **C NMR, DEPT and HMQC
spectra displayed the same pattern of 2 but with one olefinic carbon at dc 121.3(C-7) replaced with
oxymethine carbon resonated at dc 59.5 (C-7), it showed also one oxygenated methine ¢ 74.5 (C-3),
two aromatic methine dc 104.5 (C-14) and 6 108.6 (C-17) and two olefinic carbons dc 125.7 (C-1) and
oc 136.6 (C-2), one methoxy oc 56.8, two methylene signals Jc 46.3(C-4), dc 46.2 (C-8) and one
methylenedioxy group dc 102.8, eight quaternary carbon signals ¢ 65.8 (C-5), dc 66.3 (C-6 ), dc 126.6
(C-12), oc 139.7 (C-13), oc 150.2 (C-15) oc 148.9(C-16), dc 156.6 (C-10), and oc 178.8 (C-11),
Furthermore the mass displayed difference equal to one oxygen excess comparing to the 2 in addition
to the upfield shift of C-6 d¢ 66.3 and C-7 dc 59.5 to the comparable chemical shift of C-6 ¢ 136.7 and
C-7 oc 121.3 indicates the presence of epoxy ring in position 6,7 [29,34]. The HMBC spectrum displayed
correlations H-8/C-6 and C-7, H-7/C-8, H-2/ C-3 and C-6, which provide more confirmation about the
presence of epoxy ring in position C-6, C-7, it showed also these correlations H-1/C-3 and C-5, H-4/C-
3, C-5and C-13, H-14/C-12, C-15and C-16, H-17/C-13, C-15and C-16.

The spectral data are in good agreement with 10, 11-dioxo-erythrinan 2 [29] except the epoxide part
of the molecule. From all the mentioned elucidation compound 1 was identified as 10, 11-dioxo- 6,7a-
erythraline epoxide. This is the 1% report of isolation and identification of compound 1 in nature which
is the first example of erythrinan alkaloids with epoxy at position C-6, C-7.
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Table 1. '*H and *C NMR data of compound 1 in CDCl5*

Position OH ppm _mult., J (H2) oC ppm
1 5.91dd, (10.4, 2.4) 125.7

2 6.33d, (10.4) 136.6

3 3.8m 74.5

4 H-4e 2.24 dd, (5) 46.2

H-4a 2.31d, (10)

5 - 65.8

6 - 66.3

7 3.75d, (1.2) 59.5

8 H-8a 4.2d, (11.6) 46.3

H-8 £ 3.84 dd, (11.6, 1.2)

10 - 156.6
11 - 178.8
12 - 126.6
13 - 139.7
14 7.27 104.5
15 - 150.2
16 - 148.9
17 7.47s 108.6
OCH3 3.31 56.8
OCH0 1H6.12d, (1.2) 102.8

1H 6.13d, (1.2)

*1H NMR carried out at 400MHz, 3C NMR carried out at 100MHz

3.2. MAO Inhibition

374

The biological evaluation of the isolated alkaloids (1-5) against MAO enzymes displayed selective
inhibitory properties towards MAO-B. The purity of the tested compounds has been confirmed from the
potential of quantitative 1H NMR. The ICs range from (25-80 uM) and the order of inhibitory activity
is 1>2>3>4>5 (Table 2). All the isolated alkaloids exhibited I1Cso values >100 against MAO-A. The new
alkaloid 1 showed the highest activity 1Cs025.18 uM accompanied with the highest selectivity index for

MAO-B (SI) >3.97.

Table 2. The inhibitory activity of isolated erythrinans against MAO-A and B expressed in uM

Compounds MAO- SD MAO-A MAO- SD value MAO-B Sl
A |C50 value |Cgo B |C50 |C90

1 >100 NA >100 25.18 0.84 >100 >3.97
2 >100 NA >100 33.77 2.6 >100 >2.96
3 >100 NA >100 45.24 1.48 >100 >2.21
4 >100 NA >100 47.64 2.9 >100 >2.09
5 >100 NA >100 80.39 3.54 >100 >1.24

Clorgyline 0.0057  0.00 0.0344 - - -

Deprenyl - - - 0.0524 0.0001 0.3586
Phenelzine 0.249 0.0172 >10 0.1528 0.0126 >1

Sl: selectivity index of I1Cso ratio MAO A/B

3.3. Molecular Modeling

The docking simulation was carried out for the isolated alkaloids (1-5). Compounds 1, 2 and 4
displayed strong to moderate inhibitory activity. These compounds are localized in the hydrophilic zone
of the enzyme cavity that faces the FAD (Flavin adenine dinucleotide) molecule. On the other hand,
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compounds 3 and 5 demonstrated moderate to weak activity and they are placed in the hydrophobic
region away from FAD (Figure 5). The results are correlated with the in vitro inhibitory activity.

2

.:3&) )) l
O %
:E ; i) )’

O %

Figure 5. The localization of the isolated alkaloids (1, 2 and 4) in the hydrophilic region facing FAD
while 3 and 5 in the hydrophobic region inside MAO-B enzyme cavity

Alignment

3.4. Discussion

The isolated erythrinan alkaloids from E. Corallodendron stems, displayed favourable
inhibition against MAO-B without any residual effects against MAO-A. The activity and selectivity
displayed direct proportional relationship where the most active compound 1 showed the highest
selectivity on MAO-B with 1Csp 25.18 uM, SI >3.97 while the least active one 5 displayed the least
selectivity SI > 1.24. The difference in the activity is related to the structural variations. Direct
relationship between the number of oxygen molecules and the inhibitory activity could be detected
1>2>4>5 within the methylenedioxy series. Additionally, the sharp decrease in activity of compound 5
comparing to 4 could highlight the essential role of carbonyl functionality within the same series. The
substituents effect of erythrinan nucleus was revealed from the molecular docking study. The new
alkaloid 1 interacts with FAD. Its methylenedioxy moiety interacts with the water molecules and Tyr435
via strong hydrogen bonds (Figure 6). The presence of the epoxy group improved the interaction pattern
by favouring the position of 1 in the polar region of the binding site (Figure 5). The 11-oxo group showed
hydrogen bond with water molecules. This explains its good activity compared to other compounds in
the same series. This interaction pattern has been changed in the subsequent compounds. The lack of
the epoxy group shifted the compounds slightly away from the favorable polar region of the active site
and away from FAD. The characteristic interaction of 1 is observed in compounds 2 and 4. Further
interactions are noticed with the 10-oxo group of compound 2, while the absence of these (10, 11) di-
oxo functionality in compound 4 and presence of 8-oxo instead shifted the interaction more towards the
nonpolar regions and made the compound less active. The lack of any carbonyl groups in case of
compounds 3 and 5 shifted both compounds to the highly hydrophaobic area and led to another interaction
model more away from FAD (Figure 5), which could explain in part the decrease in activity. However,
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the better interaction of compound 3 than 5 with the electrostatic region of the ligand pocket could be
related to the opening of the methylenedioxy ring to the corresponding OH and methoxy groups.
Different pattern of interaction of erythrinan alkaloids could be deduced from the comparable activity
of compounds 4 and 3 while having different oxygenation functionalities. In addition to our profound
results, erythrinan alkaloids was previously reported to have selective inhibition activity against
neuronal nicotinic acetylcholine receptors (NAChRs) system [35,36] which is considered a potential
strategic target for the management of neurodegenerative diseases AD and PD. The nAChRs in
particular a7 subtype play an important role in accumulation of amyloid  plaques inside neurons, which
is considered the main cause for neuronal deterioration and progress of AD. Antagonists of nAChRs,
specially a7 subtype, exhibited prevention of entrance and accumulation of amyloid  plaques resulting
in neuronal protection [37]. Several erythrinans have been reported to have selective inhibition activity
against nAChRs, B- Dihydroerythroidine, erysodine, and erythraline displayed selective a4, 2
antagonist activity [36]. Erysodine a common erythrinan alkaloid preferentially antagonizes with high
selectivity neuronal nicotinic acetylcholine receptors over the muscarinic type. Also it favourably binds
to the high affinity-nicotinic biding site in nAChRs [38]. Erysodine also displayed a high ability to cross
blood brain barrier (BBB), which is a favourable drug-like feature for CNS-acting drugs [39].
Additionally, it exhibited the strongest antagonism activity against nAChR a4 and a7 subtypes. A series
of synthesized erythrinan alkaloids analogues exhibited selective antagonistic activity towards nAChRs
in particular subtypes a4, a3 and a7 with preferential affinity against the a4 subtype [39]. Also
antagonists to the presynaptic nAChRs on the dopaminergic neurons modulate the receptor
responsiveness to the acetyl choline which in turn controls the release of DA by decreasing the its
response to single pulse and increasing it to burst pulse [40]. Accordingly, erythrinan alkaloids provide
a promising lead for development of efficient treatment for AD and PD with synergistic modulation of
various neuronal targets. All these together introduces this class of alkaloids as therapeutic useful leads
for neurodegenerative disorders, however, extensive pharmacophoric studies are required to enhance
the potency and make a good use of their exclusive target selectivity.

Figure 6. The interaction of alkaloids 1-4 with the surrounding amino acids and water molecules ling
MAO-B cavity.
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4. Conclusion

In conclusion we report isolation of new erythrinan alkaloid 1 for the first time in nature along with
four known alkaloids 2-5. Our study also presents erythrinan alkaloids as lead compounds with privilege
inhibitory activity against MAO-B which will enhance their performance on AD and PD. The type and
degree of oxygenation control the strength of interaction of this class of alkaloids with the FAD partner
in the active site of MAO-B and definitely affect compounds activity. Erythrinan alkaloids exhibited
their inhibition activity using different pattern of interaction with the surrounding amino acids in the
active site of MAO-B enzyme. While methylenedioxy group is common in most active compounds, it
was found to be not essential for activity. The replacement of methylenedioxy with OH and methoxy
functional groups increased the activity. The oxygenation at position 10 and 11 seems to be essential for
potency. The presence of epoxy function in position 6-7 increases the activity.

Abbreviation

AD: Alzheimer’s disease; CD: circular dichroism; ECD: electronic circular dichroism; PD:
Parkinson’s disease; MAQO: monoamine oxidase; DCM: dichloromethane; MeOH: methanol; nAChR:
neuronal nicotinic acetyl choline receptor; TLC: thin layer chromatography; CC: column
chromatography; Sl: selectivity index; FAD: Flavin adenine dinucleotide
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