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ABSTRACT

Schiff bases of 4-aminopyridine have been synthesized and evaluated for antiamnesic and cognition enhancing
activity. In the present study to further understand the mechanism of action of these derivatives we have evaluated
in-vitro acetycholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory activity. Enzyme kinetics studies
were performed for all compounds to observe their nature of inhibition. The ICs, value of synthesized compounds
showed maximum activity of compound 4APe compared to standard drug donepezil and rivastigmine whereas its
kinetic analysis of enzyme inhibition demonstrated non-competitive inhibition for both enzymes AChE and BChE.
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INTRODUCTION

Alzheimer's disease (AD) is a progressive neurodeggive disorder, characterised by progressive los
cholinergic neurons and accumulatiorpedimyloid protein in the brain areA©nset starts with cognitive and short
term memory destruction that slowly progressesammlete loss of cognitive function, impaired penfiance of
activities of daily life? The drug discovery concerning to AD is based eitbedevelop an AChE inhibitor that
inhibits the breakdown of acetylcholine (ACh) antprove the memory and cognition impairniemt to develop a
B-secretase oy-secretase inhibitor that blocks the formatiorafmyloid plaque$? It is evident that design and
development of secretase inhibitors have not bebiewed their true goal to treat the AD and needset explored

as per the structure of protein. The U.S. Fooding) Administration (FDA) have approved five medies for the
treatment of AD till date, out of which four are AE inhibitors. It is reported that AChE could afday a vital role

in accelerating senil@-amyloid peptide (8) plaque deposition which is toxic to neurSrnBChE has also been
reported to degrade ACh in healthy and AD affedieains and the role of BChE rises in the late phafsaD’
thereby qualifying it as an additional target fbe ttreatment. Several carbamate derivatives of 4AP and Schiff
bases of styrylpyridine have been synthesized armduated for their anticholinesterase activity. Some 4-
aminobutyric acid (GABA) and 2-indolinone derivas/ of 4AP have also been reported to possess avgsm
activity.* The hydrazone derivatives of dihydropyridine andalinones have been reported as potent AChE, BChE
andp-amyloid aggregation inhibitory activitiés’® 3-methylpyridinium and 2-thionaphthol derivativefsberberine
have evaluated for AChE and BChE inhibitory activiéspectively*

EXPERIMENTAL SECTION
General

All reagents and solvents used in the study werenafytical grade purity and were procured fromn&gAldrich
(India). Donepezil standard drug was obtained gift sample from Cipla Ltd (Maharashtra, India).

1069



Saurabh K. Sinha J. Chem. Pharm. Res,, 2015, 7(8):1069-1072

Estimation of cholinesterase activity (in-vitro)

The ability of all tested compounds to inhibit adeftolinesterase from electric eel (E.C. 3.1.1.Hd a
butyrylcholinesterase from human serum (E.C. 3).las tested and their effectiveness in inhibitbould be
conclusive through their Kg values. The IC50 values were determined by then&ils spectrophotometric
method® which is performed by recording the rate of insein the absorbance at 412 nm for 5 min. The stock
solution of AChE was prepared by dissolving AChB)id M phosphate buffer (pH 8.0). In case of BCltls
solution was prepared by dissolving the lyophilizedwder in an aqueous solution of gelatine 0.1%e Th
composition of final solution for assay consistéddd M phosphate buffer pH 8.0, with the additi@in340 mM
5,5'-dithio-bis (2-nitrobenzoic acid), 0.02 unit/ndf AChE, or BChE and 550 mM of substrate (aceigttholine
iodide, ATCh or butyrylthiocholine iodide, BTCh,sectively). Five different concentrations of inltols between
20% and 80% (test compounds) were selected in dodebtain inhibition of the enzymatic activity. dfm the
aliquots (50 uL), increasing concentration of thisibitors were added to the assay solution and wesmcubated
for 20 min at 37 oC with the enzyme followed by #rdition of substrate. Blank used in the assapsisted of all
the components except AChE or BChE in order to aatcéor the non-enzymatic reaction. Reaction ratethe
assay were then compared and percent inhibitiontaltlee presence of increasing concentrations lubitor was
calculated. The concentration of each test compauel analyzed in triplicate, and IC50 values wegteianmined
graphically from log concentration percent inhibiticurves®*’

Enzyme kinetics study

Ellman’s method of spectrophotometric analysis wsed to determine the type of inhibition. Acetylithe iodide
and butyrylthiocholine iodide was used as a sutesehvarious concentrations both below and abexenbar Km
in a phosphate buffer at pH 8 keeping a fixed arhadrcholinesterase in the absence or presenceffefaht
inhibitors. The concentration of the inhibitor wiaspt close to one which corresponds to 50% inluibitf the
enzyme activity (IG,) and their inhibitory kinetics were evaluated bg Lineweaver and Burk methdd.

RESULTS AND DISCUSSION

The IG, values of all the derivatives on AChE and BChE evéetermined through Ellman method and observed
that compound 4APe (1.52 + 0.66 pM) was more adtiem standard rivastigmine (2.25 pM) and lessradtian
donepezil (0.04 + 0.012 pM) with respect to the€hk inhibitory activity. In the evaluation of BChghibition,
compound 4APe (2.16 * 0.64) illustrated comparalstévity with rivastigmine (1.66 uM) and superiatiaity than
donepezil (15.24 + 0.88) (Table 1).

It is worth to mention that a healthy brain consaliess concentration of BChE than AChE but in Ai2zeted brain,
AChE activity decreases and BChE activity increageslually'® Therefore, as AD progresses ACh regulation may
become more dependent on BChE thereby paving thefavadual inhibitors to provide more persisterfiefcy in
early to late stage of AD than AChE selective agéhthe results of 1§ values and structure activity relationship
(SAR) inferred that the activity increases in orttethe number of hydroxyl and methoxy group insesaon phenyl
ring but more selectively the hydroxyl substitutegimpounds elicited better activity than methoxy ssitibted
compounds. The substitution of the second hydrdgem imine carbon with methyl group increases inh&C
inhibitory activity but the substitution by phensihg results a drastic increase in both AChE ad agIBChE
inhibitory activity. Further, enzyme kinetics studsas also performed for all derivatives to gainiresight on their
nature of inhibition (Table 2).
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Table 1. Anticholinesterase activity of Schiff baseof 4AP, donepezil and rivastigmine

Compound AChE BChE L a
Code Compound IC 50(UM) IC 5o (UM) Selectivity for AChE
4HC/©
4APa b Sn 56.36 + 2.81 >1000 -
OH
/Hc/@/
4APb NF o 8.74 £0.94 422.4 + 4.47 48.32
4APC N 7458 +1.35 >1000 -
4APd N ) 15.68 £1.75| 584.25 +1.26 37.26
CHs
]
N
4APe 1.52 £ 0.66 2.16 £ 0.64 5.2
OH
o)
0,
Donepezil 0.04 £0.012 15.24 £ 0.88 381
0 THs
_ )& N
Rivastigmine HSC/\N 5 e 2.25 1.66 0.74
ng CHy

"Data taken from Sheng et al., 2009

Table 2. Enzyme kinetics study of Schiff bases o and Donepezil

Compound | Inhibition Ki (u?/l(ihtESEM Inhibition Ki (u?A?ZESEM
4APa nc 52.14 +2.81 nc nt
4APb c 6.25+0.94 c 415.58 + 4.47
4APc c 70.45+1.35 nc nt
4APd c 12.36 £ 0.65 nc 562.58 + 1.2¢
4APe nc 1.65 +0.66 c 15.26 £ 0.81]

Donepezil nc 0.056 + 0.016 nc 12.54 + 0.74

c= competitive, nc= non-competitive, nt= not tested

The most active compound 4APe demonstrated a nopetitive inhibition for both AChE (Ki = 1.65 = (6§ and
BChE (Ki = 15.26 + 0.81) enzymes. Since all the roygl substituted compounds showed better actitiign
others, hence it can concluded that hydrophobisityg necessary parameter to cross the blood beaieb but
hydrophilicity is also important for good activity.
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CONCLUSION

In conclusion we have identified a new class ofepbtanticholinesterase inhibitors among which bpheaone
derivative 4APe deserves further study. Considetireggrole of BChE in the late phase of AD the duaibitor
might also be beneficial for the treatment of ADdanhcan be a useful new lead to develop dual itdni® with
cognition enhancing and anti amnesic properties.

REFERENCES

[1] Hong-Qi Y, Zhi-Kun S, Sheng-Di @012 Transl Neurodegener 1: 21.

[2] World Alzheimer Report2012 Overcoming the Stigma of Dementia. http://www.abzuk/research/world-
report-2012

[3] Lahiri DK, Farlow MR, Greig NH, Sambamurti RQ02 Drug Dev Res 56: 267-281.

[4] Ghosh AK, Pandey S, Gangarajula S, Kulkarni S, XWR&0 KV, Huang X, Tang 2012 Bioorg Med Chem
Lett 22: 5460-5465.

[5] Gundersen E, Fan K, Haas K, Huryn D, Steven JJt KreMartone R, Mayer S, Sonnenberg RJ, Sun S©uZ
H (2005 Bioorg Med Chem Lett 15: 1891-1894.

[6] Bartolini M, Bertucci C, Cavrini V, Andrisano \2003 Biochem Pharmacol 65: 407-416.

[7] Giacobini E 2003 Neurochem Res 28: 515-522.

[8] Combarros O, Riancho JA, Infante J, Sanudo C, bBlakcZarrabeitia MT, Berciano 2009 Dement. Geriatr
Cogn Disord 20: 153-157.

[9] Scipione L, De VD, Musella A, Flammini L, Bertonj Barocelli E 2008 Bioorg Med Chem Lett 18: 309-312.
[10]Cavallito CJ, Yun HS, Edwards ML, Foldes AR J Med Chem 14: 130-133.

[11]Andreani A, Leoni A, Locatelli A, Morigi R, Rambalt, Pietra C, Villetti G 2000 Eur J Med Chem 35: 77-
82.

[12] Alptuzun V, Prinz M, Horr V, Scheiber J, Radacki Rallarero A, Vuorela P, Engels B, Braunschweig H,
Erciyas E, Holzgrabe 2010 Bioorg Med Chem 18: 2049-2059.

[13]Campagna F, Catto M, Purgatorio R, Altomare CDo@gA, De Stradis A, Palazzo @@11) Eur J Med Chem
46: 275-284.

[14]Huang L, Luo Z, He F, Lu J, Li X2010 Bioorg Med Chem 18: 4475-4484.

[15]Ellman GL, Courtney KD, Andres V, Feather-Stone RI¥61) Biochem Pharmacol 7: 88-95.

[16]Sinha SK, Shrivastava SR@13 Bioorg Med Chem 21: 5451-5460.

[17]Sinha SK, Shrivastava SR@13 Bioorg Med Chem Lett 23: 2984-2989.

[18]Lineweaver H, Burk DJ1(934 Am Chem Soc 56: 658-666.

[19]Darvesh S, Hopkins DA, Geula €003 Nat Rev Neurosci 4: 131-138.

[20]Mesulam MM, Guillozet A, Shaw P, Levey A, Duysen H®ckridge O 2002 Neuroscience 110:; 627-639.

1072



