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ABSTRACT

Alzheimer's disease (AD) is a complex neurodegenerative ailment, which demands the use of multifunctional agents
for its therapy. Currently, FDA-approved drugs for AD are only palliative. The current research focused on adding a
flavone nucleus to the amino group of the acridine nucleus to provide it with Monoamine oxidase (MAQ)-B inhibitory
properties. Method: We designed and synthesized ten flavone substituted acridine derivatives and evaluated for Invitro
MAO B inhibitory activity. Molecular modeling studies were conducted in AutoDock Vina with hMAO B (PDB ID:
2V60). Compounds exhibited MAO B inhibition with IC50 values in 3.24 uM to 9.48 uM concentration. Compounds
AF6 and AF14 showed the highest activity with an IC50 value of 3.24 uM for MAO B. The results highlighted the
MAO B inhibitory effect of the novel Acridine-Flavone hybrids and they can be promising multitarget directed ligands
for AD.
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INTRODUCTION
The oxidative deamination of biogenic and xenobiotic amines is catalyzed by monoamine oxidase (MAO),
which plays a vital part in amine breakdown in the central nervous system (CNS) and peripheral tissues.
The enzyme targets a wide spectrum of neurotransmitters implicated in MAOQO's major substrates in the
brain, including adrenaline, noradrenaline, dopamine, and serotonin.!? MAOQO's unique role in mood
disorders®, anxiety, and depression by influencing the action of a wide range of individual neurotransmitters
schizophrenia*$, attention deficit hyperactivity disorder’®, migraine!’, sexual maturation'' and
neurodegenerative disorders'? have all received considerable attention. AD is a devastating neurological
illness that now affects more than 35 million people worldwide, with the number expected to climb to 66
million by 2030.'*!* AD has an etiology that is unknown due to the disease's complex pathophysiology.
The pharmaceutical drugs used in the clinical research stages are only palliative. As the proportion of glial
cells to neurons increases in the aging brain, MAO B levels rise. MAO B inhibition should be considered
in multitarget therapy to treat Alzheimer's disease because of the higher levels of MAO B as well as other
monoaminergic abnormalities in Alzheimer's brain.'> Although MAO B inhibition has been combined with
AChE inhibition, no monoaminergic system-targeting medication is currently in clinical use. The ChE
inhibitors accomplished cognitive functions, but lack disease-modifying effects.!® The pathological
hallmarks of AD are the accumulation of intracellular neurofibrillary tangles (NFTs) and extracellular senile
plaques containing amyloid-Ap proteins, which induce neuronal death and cerebral shrinkage. Even in the
early stages of Alzheimer's disease, the presence of an "inflammatory" cascade in the brain can be observed.
This cascade causes oxidative stress by triggering inflammatory responses such as reactive oxygen species
(ROS) and cytokines.'” MAO, a mitochondrial enzyme restricted to the outer membrane'®, is essential for
the metabolism of monoamine neurotransmitters and other amines.'® Oxidative deamination catalyzed by
MAO produces hydrogen peroxide, an oxidative stress negotiator. MAO-A and MAO-B are two types of
MAO. MAO-B, the most common isoform found in the brain?, deactivates dopamine, trace amines such
as 2-phenylethylamine, and possibly other neuro-modulatory amines including polyamines.?! In AD brains,
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MAO-B expression is higher in the hippocampus and cerebral cortex than in healthy brains.?
Overexpression of MAO-B increases monoamine metabolism and increases the production of free radicals
and hydrogen peroxide (H202), perhaps speeding up the neurodegenerative mechanisms in AD.? Based
on their neuroprotective characteristics, MAO inhibitors have been proposed as prospective therapeutics
for Alzheimer's disease and other neurodegenerative illnesses.”> MAO inhibitors limit the development of
neurotoxic compounds that cause ROS to occur.?® Activated MAO in the brains of patients with AD is a
biomarker for AD.?”? AD is a complex disease that involves multiple biological systems. A single-protein-
targeted medication will not relieve the condition.’® Single-target medicines for Alzheimer's disease are
ineffective and hence multitarget-directed ligand methods for the disease are being developed. As a result,
multifunctional compounds with two or more complementary biological functions could be a significant
step forward in the disease's treatment.3'*> The FDA-approved drugs for AD are Tacrine, Donepezil,
Rivastigmine, Galantamine, and Memantine.*>** The battle is currently ongoing because of the lack of
therapeutically viable drugs. The current research focused on incorporating a flavone nucleus into the
acridine nucleus. 9-Amino acridine derivative (Tacrine) is a proven AChE inhibitor. The flavone nucleus
is having antioxidant and hepatoprotective properties. Some of the flavones have an effect on MAO B
inhibition. The purpose of the study is to incorporate a flavone nucleus into the acridine nucleus to make it
an AChE and MAO B inhibitor and thus get a better multifunctional antialzheimers lead molecule.

EXPERIMENTAL

Insilico Design

The flavone-substituted acridine derivatives were designed by adding various substituted flavone moieties
to the 9-Amino acridine nucleus via the Mannich reaction. Figure-1 depicts the compound's general
structure. With the help of commercially accessible and freely available software, Insilico experiments on
20 new compounds were successfully completed. ACD Lab Chemsketch was used to draw the structure of
the designed compounds. Software such as Swiss ADME was used to calculate the physicochemical
properties of the newly developed compounds. Pre ADMET was used to calculate the permeability of the
designed chemicals across the BBB. ProTox II was used to predict the toxicity of the developed compounds.

OH

_— =
@)
Fig.-1: General structure of Acridine- Flavone hybrids
Molecular Docking

Docking studies were carried out for all the 20 newly designed substituted 9-Amino acridine derivatives on
enzymes MAO B using AutoDock Vina version 1.1.2 with hMAO B (PDB ID: 2V60).3%3¢

Synthesis and Characterization

The chemicals used in this study were obtained from Sigma Aldrich. Purification of the produced products
was accomplished through recrystallization using suitable solvents. TLC plates in suitable solvents are used
to verify the reaction completion. The melting point, vibrational spectra (IR), NMR spectra, and mass
spectra of the compounds generated were all measured. The melting points were calculated using a Remi
apparatus with an open capillary tube at one end and were given as-is. IR spectra of the generated analogs
were recorded using KBr pellets in the range of 4000-500 cm™ on a PerkinElmer FTIR. 'H and '*C NMR
spectra were acquired at 300 and 75 MHz, respectively, on a Jeol AL300 FT-NMR spectrometer.
Tetramethylsilane was employed as an internal reference for NMR studies in DMSO. On a TOF MS ES,
mass spectra of the produced compounds were obtained using the FAB+ ionization mode.
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Step: 1 Synthesis of Chalcone derivatives

3-equivalents of potassium hydroxide dissolved in ethanol were used to dissolve 2-hydroxy acetophenone
(1 equivalent) and substituted benzaldehyde derivative (1.2 equivalent). At room temperature the reaction
mixture was stirred for 6-12 hours, or until TLC indicated that the reaction was complete. The mixture was
poured into crushed ice and acidified with dilute HCl when the reaction was completed. To obtain
crystalline chalcone, the material was recrystallized from ethanol.?”-*%3?

Step: 2 Synthesis of Flavone derivatives

Iodine (0.02 mmol) was added after the substituted chalcone (0.01mol) was dissolved in DMSO (2 ml). In
a microwave oven, it is irradiated at level 5 for 2 minutes. Diethyl ether was used to dilute the mixture. The
organic layer was washed with aqueous sodium thiosulphate solution (20%) and dried over anhydrous
sodium sulphate. The reaction was monitored using hexane and ethyl acetate in a TLC plate for completion
of the reaction. Using hexane, ethyl acetate, and silica gel, the crude solid was submitted to column
chromatography (80:20). Ethyl alcohol was used to recrystallize the solid flavones.3%*

Step: 3 Synthesis of Mannich Bases

In 10 mL of glacial acetic acid, a ketone molecule, paraformaldehyde, and appropriate amine were heated
at 120° C at 70 Watt in 1:1.2:1 mol ratios. TLC was used to monitor the reactions, which used a CHCI3:
MeOH (9:1 or 8:2) solvent solution. Each reaction took a different amount of time to complete, as shown
in Table 1. The solid was filtered, dried, and recrystallized using a suitable solvent after reaction
completion. 0 4142

Pharmacological Screening
Inhibitory activity against MAO B
Commercial supplier Sigma-Aldrich provided the monoamine oxidases (hMAO-A, hMAO-B, E.C.
1.4.3.4), p-tyramine, Amplex Red, and horseradish peroxidase (E.C. 1.11.1.7). The chemicals were
dissolved in DMSO (10 pM) and diluted to the appropriate final concentration in 0.05 uM phosphate buffer
(pH-7.4). At the concentrations used, all of the chemicals are soluble. In a flat black bottom 96-well micro
test plate in the dark, test medicines (20 uL) and MAO (80 puL) were incubated for 15 minutes at 37 °C. At
37 °C for 20 minutes, 200 uM Amplex Red reagent, 2 U/uL horseradish peroxidase, and 2uM p-tyramine
for hMAO were added. Based on the fluorescence created, the synthesis of H202 and, as a result, resorufin,
was measured at 37 °C in a Jasco FP 8550 spectrofluorometer based on the fluorescence generated
(excitation, 545 nm; emission, 590 nm). By subtracting the background activity, the specific fluorescence
emission was determined. The background activity was calculated using wells that contained all of the
components except the MAO isoforms, which were substituted with a sodium phosphate buffer solution
(0.05 uM, pH 7.4). The % inhibition was computed using the formula: (1-IFi/IFc) x 100, where IFi and IFc
are the Fluorescence intensities for hMAO in the presence and absence of inhibitors, respectively, after
subtracting the respective background. The study used Tacrine as a reference. Selegiline was used as a
standard in the study.**

RESULTS AND DISCUSSION
Insilico Studies and Molecular Modeling
Insilico analyses revealed that the compounds follow the Lipinski rule of five and had a topological polar
surface area of less than 90 A°, indicating that they have good blood-brain barrier permeability. Predicting
BBB penetration entails determining whether or not substances will flow through the blood-brain barrier.
This is critical in the pharmaceutical industry to avoid CNS toxicity and increase CNS activity. In
PreADMET experiments, nearly all of the newly developed drugs showed BBB penetration above 0.1. This
suggests that the newly developed chemicals will be able to cross BBB and function on the CNS. ProTox
II was used to predict the toxicity of the developed compounds. ProTox II calculates LD50 values and
several toxicities that are detrimental, such as hepatotoxicity, carcinogenicity, mutagenicity, and
cytotoxicity. The compounds had a very good dock score with hMAOB, according to the molecular docking
experiments in AutoDockVina (PDB ID: 2V60). Figure-2 depicts the binding interaction of the most active
compound. The binding interactions revealed that the chemical binds to the amino acids THR 478 by
hydrogen bonding HIS 115 and TRP 119 via —alkyl contact with PRO 102.
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Fig.-2 Binding Interaction of AF2 on hMAO-B
Synthesis and Characterization
The general structure of the newly synthesized compound is as shown in Fig.-1. The ‘R’ substituents and
the physical characteristics of the newly synthesized compounds are given in (Table-1).
Table-1 Physical and chemical characteristics of Acridine-Flavone Hybrids

Sample | Substituents Molecular Molecular Colour Yield Rf MP
Code (R) Formula weight (%) (°C)
AF2 C290H24N>0; 432.51 Brownish 72 0.64 155

yellow
C29H23C1N202 466.95 Orange 70 0.65 168

AF4

red
C29H23CIN;O, 466.95 Bright Red 65 0.66 167

AF8

AF10 Cr9H23N304 477.51 Yellowish 78 0.72 164

brown

Cl :
AF6 @\ C20H23CIN;O; 466.95 Yellowish 70 0.66 169
Cl
A
o
\
9e

AF12 C30H26N204 478.53 Greyish 70 0.68 165

o white

je
HaC

AF14 Q\NLG C29H23N304 477.51 Yellowish 74 0.70 166

:< white
AF16 QQ&Q C30H26N203 462.53 Light Brown 78 0.69 167
AF18 \_/ C30H26N203 462.53 Brown 76 0.67 168
AF20 = C30H26N204 478.53 Grey 68 0.68 169

\ /%
Spectral Characterization
2-(2-chlorophenyl) 7-hydroxy -8-((acridin-9-yl amino) methyl)-4H-chromen-4-one (AF4)

IR peaks 3429.62 (Ar- secondary amine NH-Stretching), 3176.31 (OH stretching) 2954.66 (Ar-C-H
stretching), 2917.08 (C-H) 2866.19 (Ali C-H), 1738.51 (C-C stretching), 1655.37 (Conjugated ketone.)
1643.21 (C=N) 1592.40 (Ar C=N),1491.93 (Ar C=C stretching), 1372.59 (C-N stretching teritiary amine)
1033.77 (vibration of C-O in alcohol hydroxyl group) 755.35 (C-Cl) 'HNMR &= 13.748, ,8.739, 8.717,
8.233, 8.225, 8.203,8.198,8.188, 8.173, 8.150, 8.120, 8.081, 8.060, 8.044, 8.030, 8.023, 8.001, 7.999,
7.985,7.968,7.965,7.947,7.923,7.885,7.862,7.792,7.744,7.731,7.723,7.677,7.673, 7.655, 7.650, 7.591,
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7.588, 7.575. 7.571, 7.567, 7.554, 7.535, 7.531, 7.526, 7.508, 7.484,7.382, 7.253, 7.160. C NMR-5-
177.814, 165.214 163.657, 161.675, 157.713, 147.674, 139.362, 135.175, 131.674, 128.165, 124.920,
121.675, 118.692, 111.505, 38.877, Mass Spectrum peaks Molecular ion peak (m/z)-486.3705 Base peak
(m/z)-305.0232.

2-(3-chlorophenyl) -8-((acridin-9-ylamino) methyl)-4H-chromen-4-one (AF6)

IR peaks: 3437.33 (Ar- secondary amine NH-Stretching), 3347.70(OH stretching) 3117.91 (Ar-C-H
stretching), 3048.25 (C-H) 2917.78 (Ali C-H), 1635.42 (C-C stretching), 1598.41 (Conjugated ketone.)
1500.40 (C=N) 1592.40 (Ar C=N),1375.98 (Ar C=C stretching) 1252.44 (C-N stretching teritiary amine)
1166.96 (vibration of C-O in alcohol hydroxyl group) 'HNMR &= 13.187, 10.105, 9.649,8.739, 8.717,
8.242, 8233, 8225, 8218.8.210, 8.203,8.198,8.188,8.173,  8.150,  8.120,8.081,8.060,
8.044,8.030,8.023,8.020,8.001, 7.999,7.985,7.982, 7.968, 7.965, 7.947, 7.923, 7.885, 7.862, 7.792,7.744,
7.731, 7.723, 7.677, 7.673, 7.655, 7.650, 7.591, 7.588, 7.575. 7.571, 7.567, 7.554, 7.535, 7.531, 7.526,
7.508, 7.484,7.382, 7.253, 7.160. 3C NMR-8-177.814, 165.214 163.657, 161.675, 157.713,
147.674,139.362, 135.175, 131.674, 128.165, 124.920, 121.675, 118.692, 111.505, 38.877, Molecular ion
peak(m/z)-485.6370 Base peak(m/z)-306.0186

2-(4-chlorophenyl) -7-hydroxy-8-((acridin-9-yl amino) methyl)-4H-chromen-4-one (AF8)

IR peaks-3464.49 (Ar-NH stretching), 2998.52(Ar-C-H), 2368.65 (Ali C-H), 1625.24 (Ar C=N), 1530.18
(Ar C=C stretching), 768.24 (C-Cl) 'THNMR &= 13.748, 10.105, 9.649,8.739, 8.717, 8.242, 8.233, 8.225,
8,218.8.210, 8.203,8.198,8.188, 8.173, 8.150, 8.120, 8.081 ,8.060, 8.044, 8.030, 8.023, 8.020, 8.001,
7.999,7.985,7.982,7.968, 7.965, 7.947, 7.923, 7.885, 7.862, 7.792,7.744, 7.731, 7.723, 7.677, 7.673, 7.655,
7.650, 7.591, 7.588, 7.575. 7.571, 7.567, 7.554, 7.535, 7.531, 7.526, 7.508, 7.484,7.382, 7.253, 7.160. 1*C
NMR-6-177.814, 165.214 163.657, 161.675, 157.713, 147.674, 139.362, 135.175, 131.674, 128.165,
124.920, 121.675, 118.692, 111.505, 38.877, Molecular ion peak (m/z)-485.6370 Base peak (m/z)-
305.3386.

7-Hydroxy-2-(2-nitrophenyl) -8-((acridin-9-yl amino) methyl)-4H-chromen-4-one (AF 10)

IR peaks: 3374.88 (O-H stretching), 2905.42(Ar-NH stretching),2794.23(Ar-CH stretching)2715.17 (Ali-
CH stretching), 1658.53 (C-C stretching),1589.77(Ar C=N), 1527.54 (NO2 asymmetric stretching),
1368.70 (NO2 symmetric stretching), 1314.21(Ar C=C stretching),1229.96 (C-N stretching teritiary
amine), 1161.96(C-O stretching), 'HNMR &= 10.105, 9.649,8.739, 8.717, 8.242, 8.233, 8.225, 8,218.8.210,
8.203, 8.198, 8.188, 8.173, 8.150, 8.120, 8.081, 8.060, 8.044, 8.030, 8.023, 8.020, 8.001, 7.999,
7.985,7.982,7.968,7.965,7.947,7.923,7.885,7.862,7.792,7.744,7.731,7.723, 7.677,7.673, 7.655, 7.650,
7.591, 7.588, 7.575.7.571, 7.567, 7.554, 7.535, 7.531, 7.526, 7.508, 7.484,7.382, 7.253, 7.160. *C NMR-
0-177.814, 165.214 163.657, 161.675, 157.713, 147.674, 139.362, 135.175, 131.674, 128.165, 124.920,
121.675, 118.692, 111.505, 38.877, Molecular ion peak (m/z)-493.7063 Base peak (m/z)-306.3386.

Hydroxy-2-(3-nitrophenyl)-8-((acridin-9-ylamino) methyl)-4H-chromen-4-one (AF14)

IR peaks: 3437.33 (Ar- secondary amine NH-Stretching), 3347.70(OH stretching) 3117.91 (Ar-C-H
stretching), 3048.25 (C-H) 2917.78 (Ali C-H), 1635.42 (C-C stretching), 1598.41 (Conjugated ketone.)
1500.40 (C=N) 1592.40 (Ar C=N), 1527.54 (NO2 asymmetric stretching), 1375.98 (Ar C=C stretching),
1368.70 (NO2 symmetric stretching),1252.44 (C-N stretching tertiary amine), 1166.96 (vibration of C-O
in alcohol hydroxyl group) 'HNMR &= 10.105, 9.649,8.739, 8.717, 8.242, 8.233, 8.225, 8,218.8.210,
8.203,8.198,8.188, 8.173, 8.150, 8.120,8.081, 8.060,8.044, 8.030,8.023, 8.020,8.001, 7.999, 7.985,
7.982,7.968,7.965,7.947,7.923,7.885,7.862,7.792,7.744,7.731,7.723,7.677,7.673, 7.655, 7.650, 7.591,
7.588, 7.575. 7.571, 7.567, 7.554, 7.535, 7.531, 7.526, 7.508, 7.484,7.382, 7.253, 7.160. C NMR-5-
177.814, 165.214 163.657, 161.675, 157.713, 147.674,139.362, 135.175, 131.674, 128.165, 124.920,
121.675, 118.692, 111.505, 38.877. Molecular ion peak (m/z)-493. 7063 Base peak (m/z)-305.03862

In-vitro Inhibitory Activity Against MAO B

The invitro MAO B activity of the newly designed compounds was conducted against MAO B. All the
compounds showed very good IC50 values in uM concentration. The results are shown in (Table-2)
Graphical representation of activity shown in Fig.-3.
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Table-2 Invitro MAO B inhibitory activity

Sample Code | MAO B inhibitory
activity (uM)

AF2 4.70 +0.32
AF4 420+ 045
AF6 3.24+0.35
AF8 527+0.12
AF10 4.54+0.25
AF12 542+0.32
AF14 3.24+0.25
AF16 6.72+0.32
AF18 9.48+0.25
AF20 6.27 £0.35
Tacrine 7.85+0.12
Selegiline 0.037+0.01

MAO B INHIBITION

15+
AF2

AF4

AF6

AF8
AF10
AF12
AF14
AF16
AF18
AF20
TACRINE

IC50

ooooNOOODDODN

SAMPLES

Fig.-3 Graphical representation of invitro MAO-B inhibitory activity plotted in GraphPad Prism

CONCLUSION

Acridine-Flavone hybrids were designed as inhibitors of MAO B and the compounds were found to show
good MAO B Inhibition in micromolar concentration. Among the compounds compound AF6 and AF14
which are 3-chloro and 3-nitro substituted benzaldehyde flavone hybrid of 9-amino acridine shows the
highest MAO B inhibition. Substitution at the 3 position with an electron donating or electron withdrawing
functional group increases the MAO B inhibitory activity. Molecular modeling studies and Insilico studies
on the novel derivatives also proved the compounds to be good candidates for further study and can be good
lead compounds for anti-Alzheimer’s research.

ACKNOWLEDGEMENT
This research article is a part of the Ph.D. research program under The Tamilnadu Dr. M.G.R Medical
University, Chennai. We are thankful to the management of C.L.Baid Metha College of Pharmacy, Chennai
for the facilities they provided for conducting the research. We thank IIT, Chennai for their help in docking
studies. We thank VIT, and Vellore for their help in spectral studies.

REFERENCES
1. U.Z. Said, H.N. Saada, M.S. Abd-Alla , M.E. Elsayed, A.M.Amin, International Journal of Radiation
Biology, 88,613(2012), https://doi.org/10.3109/09553002.2012.694008
2. J. A. Bodkin, B.M. Cohen, M. S. Salomon, S. E. Cannon, G. L. Zornberg, J.O.Cole, The Journal of
Nervous and Mental Disease, 184(5), 295(1996), https://doi.org/10.1097/00005053-199605000-00005
3. D. L. Dunleavy, Proceedings of Royal Society of Medicine, 66(9),951(1973),

2323
ACRIDINE DERIVATIVES AS MONOAMINE OXIDASE INHIBITORS R.S. Remya et al.



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

RASAYAN J. Chem.
Vol. 15 | No. 4 |2318-2325| October - December | 2022

https://doi.org/10.1177/003591577306600962

F. Shabbir, A. Patel, C. Mattison, S. Bose, R. Krishnamohan, E. Sweeney, S. Sandhu, W.Nel, A.Rais,
R. Sandhu, N. Ngu and S. Sharma, Neurochemistry International, 62(3),324(2013),
https://doi.org/10.1016/j.neuint.2012.12.014

M.  Entzeroth, A. K. Ratty, Open Journal of Depression, 6(2), 31(2017),
https://doi.org/10.4236/0jd.2017.62004

S. M. Stahl, D. A. Morrissette, L. Citrome, S. R. Saklad, M. A. Cummings, J. M. Meyer, J. A. ODay,
L. J. Dardashti, K.D.Warburton, CNS Spectrums, 18(3), 150(2013)
https://doi.org/10.1017/S109285291300014X

D. C. Lawson, D. Turic, K. Langley, H. M. Pay, C. F. Govan, N. Norton, M. L. Hamshere, M.J.Owen,
M.C. O’Donovan, A.Thapar, American Journal of Medical Genetics Part B Neuropsychiatric Genetics,
116B(1),84(2003), https://doi.org/10.1002/ajmg.b.10002

H.L.Wargelius, K.Malmberg, J.O.Larsson, L.Oreland, European Psychiatry, 26(S2), 366(2011),
https://doi.org/10.1016/S0924-9338(11)72075-2

G.Nedic, N.Pivac, D.K.Hercigonja, M.Jovancevic, K.D. Curkovic and D. Muck-Seler. Psychiatry
Research, 175(3),252(2010), https://doi.org/10.1016/j.psychres.2009.08.013

M.Marziniak, R.Mossner, J.Benninghoff, Y.V.Syagailo, K.P.Lesch, C.Sommer, Journal of Neural
Transmission,111,603(2004). https://doi.org/10.1007/s00702-004-0108-0

M.L.Moreno, M.A.Villanua and A.l.Esquifino, Journal of Pineal Research, 13(4),167(1992),
https://doi.org/10.1111/j.1600-079x.1992.tb00072.x

M.B.Youdim, M. Fridkin and H. Zheng, Journal of Neural Transmission, 111,1455(2004),
https://doi.org/10.1007/s00702-004-0143-x

H.Ogura, T. Kosasa ,Y. Kuriya and Y.Yamanishi , Methods and Findings in Experimental Clinical
Pharmacology, 22(8),609(2000), https://doi.org/10.1358/mf.2000.22.8.701373

K. Sharma, Molecular Medicine Reports, 20(2), 1479(2019), https://doi.org/10.3892/mmr.2019.10374.
M. Mehta, A.Adem, M.Sabbagh, International Journal of Alzheimers Disease,(2012)
https://doi.org/10.1155/2012/728983

F.D.Domenico, G.Cenini, R.Sultana, M.Perluigi, D.A. Butterfield, Neurochemical Research,
34,727(2009), https://doi.org/10.1007/s11064-009-9924-9

M.I.Fernandez-Bachiller, C. Perez , N.E.Campillo, J.A.Paez, G.C.Gonzalez-Munoz ,P.Usan, E.Garcia-
Palomero , M.G.Lopez, M.Villarroya , A.G.Garcia, A.Martinez , M.I.Rodriguez-Franco,
ChemMedChem, 4(5), 828(2009), https://doi.org/10.1002/cmdc.200800414

B.A.Yankner, L.R. Dawes, S.Fisher , L.Villa-Komaroff, M.L.Oster-Granite, R.L.Neve, Science,
245(4916), 417(1989), https://doi.org/10.1126/science.2474201

C.L.Masters, G.Simms, N.A.Weinman, G.Multhaup, B.L.McDonald, K. Beyreuther, Procedings of the
National Academy of Sciences of United States of America, 82(12),4245(1985),
https://doi.org/10.1073/pnas.82.12.4245.

A.M.King, W. Osman, A.N.Edginton, and P.P.N.Rao, Bioorganic & Medicinal Chemistry Letters,
27(11), 2443(2017), https://doi.org/10.1016/j.bmcl.2017.04.006

D.Munoz-Torrero, Current Medicinal Chemistry, 15(24), 2433(2008),
https://doi.org/10.2174/092986708785909067

M. Delfini, M.E. Di Cocco, F. Piccioni, F. Porcelli, A. Borioni, A. Rodomonte, M.R.D.Giudice.
Bioorganic Chemistry, 35(3), 243(2007) https://doi.org/10.1016/j.bioorg.2007.01.001

M.Sadowski, T.Wisniewski , Current Pharmaceutical Design, 13(19), 1943(2007),
https://doi.org/10.2174/138161207781039788

D.Gabuzda, J. Busciglio, L.B. Chen, P. Matsudaira, B.A.Yankner, The Journal of Biological
Chemistry, 269(18), 13623(1994)

J. P. Finberg, Pharmacology and Therapeutics, 143(2), 133(2014),
https://doi.org/10.1016/j.pharmthera.2014.02.010

M.S. Song, D.Matveychuk , E.M. MacKenzie, M. Duchcherer ,D.D.Mousseau, G.B.Baker, Progress
in Neuropsychopharmacology and Biological Psychiatry, 44, 118(2013),
https://doi.org/10.1016/;.pnpbp.2013.02.001

2324

ACRIDINE DERIVATIVES AS MONOAMINE OXIDASE INHIBITORS R. S.Remyaet al.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

RASAYAN J. Chem.
Vol. 15 | No. 4 |2318-2325| October - December | 2022

L.Oreland and C.G. Gottfries, Progress in Neuropsychopharmacology and Biological Psychiatry, 10

(3-5):533(1986), https://doi.org/10.1016/0278-5846(86)90023-0

F.Sherif , C.G. Gottfries, I. Alafuzoff and L. Oreland L, Jourmal of Neural Transmission Parkinson’s

Disease Dementia Section, 4(3),227(1992), https://doi.org/10.1007/BF02260906 .

D.L. Sparks, Woeltz VM and W.R. Markesbery, Archives of Neurology, 48(7),718(1991),

https://doi.org/10.1001/archneur.1991.00530190064017

N. Ramalakshmi , R.S.Remya, C. N. Nalini, Mini Reviews in Medicinal Chemistry, 21(16), 2361

(2021), https://doi.org/10.2174/1389557521666210405161205

M.L. Bolognesi, A. Cavalli , L.Valgimigli , M. Bartolini , M. Rosini , V. Andrisano, M. Recanatini,

C.Melchiorre, Journal of Medicinal Chemistry, 50(20), 6446(2007),

https://doi.org/10.1021/im701225u

V.Tumiatti, A. Milelli, A. Minarini , M. Rosini , M.L.Bolognesi , M. Micco,V. Andrisan, M. Bartolini,

F. Mancini , M. Recanatini , A. Cavalli , C. Melchiorre , Journal of Medicinal Chemistry, 51(22), 7308

(2008), https://doi.org/10.1021/jm8009684

K. Spilovska , F. Zemek , J. Korabecny, E. Nepovimova , O. Soukup ,M.Windisch, K.Kuca, Current

Medicinal Chemistry, 23(29), 3245 (2016), https://doi.org/10.2174/092986732366616052511402

F.Zemek, L. Drtinova, E. Nepovimova, V. Sepsova, J. Korabecny , J. Klimes , K. Kuca, Expert Opinion

on Drug Safety, 13(6), 759(2014), https://doi.org/10.1517/14740338.2014.914168

Nursamsiar , M. Siregar , A. Awaluddin , N. Nurnahari , S. Nur ,E. Febrina, A. Asnaw, Rasayan

Journal of Chemistry, 13(1), 690 (2020), http://dx.doi.org/10.31788/RJC.2020.1315577

S. Megantara ,I. Musfiroh, D. Lestari, Rasayan Journal of Chemistry, 15(3), 2004(2022),

http://dx.doi.org/10.31788/RJC.2022.1536999

A.N. Kristanti, H. Suwito , N.S.Aminah, K.U. Haq, H.D. Hardiyanti, H. Anggraeni, N. Faiza, R.S.

Anto, S. Muharromah, Rasayan  Journal  of  Chemistry, 13(1) 654(2020),

http://dx.doi.org/10.31788/RJC.2020.1315534

S. Patel, U. Shah, Asian Journal of Pharmaceutical and Clinical Research, 10(2),403(2017),

https://doi.org/10.22159/ajper.2017.v10i2.15928

M.J. Menezes, S. Manjrekar , V. Pa, Indian Journal of Chemistry Section B-Organic Chemistry

Including Medicinal Chemistry, 48(9),1311(2009)

H. Hayun, I. Gavrila, S. Silviana, A.E.K.Siahaan A E K, Vonna R F, Latifah M 1, Rasayan Journal of

Chemistry, 13(1), 131(2020), http://dx.doi.org/10.31788/RJC.2020.1315300

G. Roman, European Journal of  Medicinal Chemistry, 89, 743(2015),

https://doi.org/10.1016/j.ejmech.2014.10.076

R.S.Remya, N. Ramalakshmi, C.N.Nalini V. Niraimathi., S. Amuthalakshmi, Current Computer Aided

Drug Design(2022), https://doi.org/10.2174/1573409918666220804153754

F.Li,Z.M.Wang, J.J. Wu, J.Wang, S.S. Xie, J.S. Lan, W.Zu, L.Y .Kong, X.B.Wang , Journal of Enzyme

Inhibition and Medicinal Chemistry, 31(S3), 41(2016),

https://doi.org/10.1080/14756366.2016.1201814

S.S.Xie, X.Wang, N. Jiang , W. Yu, K. Wang , J.S.Lan, Z.R.Li , L.Y.Kong, European Journal of

Medicinal Chemistry, 95, 153(2015), https://doi.org/10.1016/j.ejmech.2015.03.040

S.S. Xie, J.S. Lan, X.Wang , Z.M.Wang, N. Jiang, F. Li, J.J. Wu, J. Wang, L.Y Kong, Bioorganic

Medicinal Chemistry, 24(7), 1528 (2016), https://doi.org/10.1016/j.bmc.2016.02.023
[RJC-7080/2022]

2325

ACRIDINE DERIVATIVES AS MONOAMINE OXIDASE INHIBITORS R. S.Remyaet al.



