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ABSTRACT

Diclofenac sodium is being used for the treatmdnpain and inflammation. But as all the NSAIDs atdfering
from severe Gl toxicities, Diclofenac sodium isoat®t an exception to these toxocities. The Gkityxassociated
with all traditional NSAIDs is mainly due to thegsence of free carboxylic group. In the presergaesh work, the
main motto was to develop some new heterocyclidognas of diclofenac as potential analgesic andi-ant
inflammatory agents with negligible ulcerogenicity.this paper various heterocyclic analogues alafenac were
designed by replacing the free —COOH with some desdic heterocycles and evaluated for COX-1, COxnd
LTA, hydrolase binding ability by molecular docking. Thest potent ligands were selected as the lead and
structural modifications were done to the seledtstl compounds in order to increase the potenayalbi these
potent ligands were synthesized and characterizeB HR and'HNMR. Furthermore the synthesized compounds
were also tested for their analgesic, anti-inflantomg and ulcerogenicity activities. Out of all thsynthesized
compounds, 6 new compounds were found to havefisigni analgesic and anti-inflammatory activitiestiw
negligible ulcerogenicity.

Keywords: Molecular Docking ¢ Antiinflammatory activity « Atgesic activity  Acute Ulcerogenicity

INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) amaang the most widely used therapeutics, primaly the
treatment of inflammation, especially arthritis.[inong the most popular NSAIDs worth mentioninglislofenac
sodium, which is approved in more than 120 coustaieross the globe since its introduction, 28 yagrs and is
ranked 30th among the top 200 drugs with respeciete prescriptions.[2]In a simplified term the arfimation
process can be considered as an event of the imnegpense through which tissue damage occurs. atte s
accompanied by the release of several biochemiealiators such as histamine, bradykinin, platelét-ating
factor, and a group of lipid material known as letuienes (LTs) and prostaglandins (PGs). [3] Tharptacological
activity of NSAIDs is related to the suppressionpobstaglandin biosynthesis from arachidonic agidrinibiting
the enzyme prostaglandin endoperoxidase, poputadyn as cyclo-oxygenase (COX).It was discovered @OX
exists in two isoforms, COX-1 and COX-2, which aegulated and expressedffdrently. COX-1 provides
cytoprotection in the gastrointestinal tract (GlTWhereas inducibleCOX-2 selectively mediates inflatory
signals. Since most of the currently available NS&in the market show greater selectivity for COXy&an COX-
2, chronic use of NSAIDs, including diclofenac, malicit appreciable Gl irritation, bleeding and edation. The
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incidences of clinically significant Gl side effeaige to long term use of NSAIDs are very high (3@l cause
some patients to abandon NSAID therapy.Gl damagem fNSAID is generally attributed to two factors.cdab
irritation by the direct contact of carboxylic agigdCOOH) moiety of NSAID with GI mucosal cells (ioal efect)
and decreased tissue prostaglandin productiorssmés which undermines the physiological role tbmnptective
prostaglandins in maintaining Gl health and homtasis.Synthetic approaches based upon chemicalfioaitin
of NSAIDs have been taken with the aim of improveadety profile and in turn therapeutic window a§tNSAID.
Several studies have described the derivatizatfothe carboxylate function of representative NSAMXh less
acidic heterocycles, viz. 1,3,4-oxadiazole,Triaza@te. which resulted in an increased anti-inflanamagctivity
with reduced ulcerogenicity. Furthermore, it hasrbeeported in the literature that certain compasuneharing 1, 3,
4-oxadiazole nucleus possess significant anti-inflatorg activity.[2] In our attempt to discover nesafer and
potent agents for treatment of inflammatory diseases have designed some new heterocyclic analogfies
diclofenac by replacing thecarboxylic acid groupdidlofenac acid with less acidic heterocycle, Mmer the
designed compounds were evaluated for COX-1, COXTA, hydrolase (since LTs also act as an important
mediators for inflammation) binding ability to idély the new lead compounds by molecular dockinge Tost
potent compounds selected as lead on which | chotg structural modification inorder to obtain nkgands with
excellent binding ability. These ligands were sgsthed and tested for their analgesic, anti-inflatory and
ulcerogenicity activities. Out of all the synthexizcompounds, 6 new compounds showed significalgasic and
anti-inflammatory activity with negligible ulcerogieity.

MATERIALS AND METHODS

Experimental protocols

4.1 Molecular docking

Arguslab.exe was used to perform molecular doclshglies. The protein sequences for Cyclooxygenase-1
Cyclooxygenase-2, Leukotriene-A4-hydrolase (PDBecdd4G [4], 6COX [5], 2R59 [6] respectively) weeken
from Protein Data Bank (www.rcsh.org/pdb) and etlity removing the hetero atoms. CAST P (ComputdasA

of surface Topography of Protein) server was usestdss check the active pockets on target promeilecules. All

the ligand molecules were designed and the streietas analyzed using Chemoffice2004 software. Pwoitivare
was used to view the structure.

4.2 Synthesis

Melting points of the compound were determined pgrotube capillary method with the help of VEEGO-FM
instrument using silicon oil bath. FT-IR spectratbé powdered compound were recorded using Petkiere
instrument. IHNMR spectra of the synthesized comgdauere recorded using Bruker —Ultra shield (3002y1H

Hydrolysis of diclofenac sodium to 2-[(2, 6-dichlopanilino) phenyl] acetic acid (1)

Diclofenac sodium (0.101 mol) was dissolved in atha(2.5 mol). To this solution conc.H2SO4 was abide
dropwise to hydrolyse the salt to acid. The acithimied was filtered, dried. Yield: 96.34%, mp: 1B4°C. IR
(KBr), v, cm-1: 3100-3000 (CH), 1693.38 (C=0), 3456.20 (P-H17.58 (C-O-H), 3250 (N-H), 1321.15 (C-N),
2921.96(CH), 441.67 (C-Cl). 1H NMR (400 MHz, CDCI3, TMS):3.852(s, 2H, H-16), 6.974-7.010(m, 4H, H-11,
12, 13, 14), 7.122-7.171(t, 3H, H-4, 5, 15), 7.26QH, H-2).

Synthesis of ethyl-[2-(2, 6-dichloroanilino) phenylacetate (2)

0.05 mol of 2-[(2, 6-dichloroanilino) phenyl] aceticid (1) was dissolved in absolute ethanol (10adhc. H2SO4
(Iml) was added and the reaction mixture was refiufor 22 hrs. Reaction mixture gave on processthyl ester
(2). The solid obtained was washed with 50 ml ofism bicarbonate solution (10%) and recrystallifezin

methanol. Yield: 95.14%, mp: 126-130°C. IR (KBr),cm-1: 3085.89-3029.96 (CH), 1731.96 (C=0), 1238Q-

C=0), 3448.49 (N-H), 1309.58 (C-N), 2947.03(—©)H453.24 (C-Cl). 1H NMR (400 MHz, CDCI3, TMS):3.85

(s, 2H, H-16), 7.186-7.271(m, 4H, H-11, 12, 13,,174977-7.127(m, 3H, H-4, 5, 15), 7.501(s, 1H, H&50(s, 2H,
CH-16), 1.25 (s, 3H, H-20).

Synthesis of [2-(2, 6-dichloroanilino) phenyl] acét acid hydrazide (3)

Compound 2 (0.01 mol) and hydrazine hydrate (0.0 mere refluxed in absolute ethanol (50ml) fort#8. The
mixture was concentrated, cooled and poured ircidd water. The solid thus precipitated out watefféd, dried
and recrystallized from ethanol. Yield: 86.48%, mf36-140°C. IR (KBr)y, cm-1: 3050 (CH), 1454.23 (C=C1),
730.03(C=0), 3450.41, 3325.05 (N-H (Primary)), 1222C-N), 1454.23(-CH), 451.31 (C-Cl). 1H NMR (400
MHz, CDCI3, TMS):$ 3.64(s, 2H, H-16), 6.936-6.998( m, 4H, H-11, 12, 14), 7.100-7.149 (m, 3H, H-4, 5, 6),
7.497(s, 1H, H-8), 3.806(d, 2H,H-20), 7.524(s, H-19).

Synthesis of 1-({2-[(2, 6-dichlorophenyl) amino] péenyl} acetyl)tetrahydro pyridazine-3,6-dione(4)
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A mixture of [2-(2, 6-dichloroanilino) phenyl] a¢etacid hydrazide (3) (0.001 mol), succinic anhgldr{0.001 mol)
in 5ml absolute ethanol and glacial acetic aci@@B.mol) was refluxed for 3 hrs. The reaction migtwas cooled
and poured into crushed ice. The solid obtained fili@sed, washed with 50 ml of sodium bicarbonatdution
(10%) and recrystallized from ethanol. Yield: 8222mp: 122-124°C. IR (KBr)y, cm-1: 3060 (CH), 1566.09
(C=C), 1731.96 (C=0), 3446.56 (N-H), 1298.00 (C-R®920.03(-CH), 451.31 (C-Cl ). 1H NMR (400 MHz,
CDCI3, TMS):5 3.786 (s, 2H, H-11), 7.188-7.268 (m, 4H, H-14, 16, 17), 7.062-7.131(m, 3H, H-21, 22, 23),
7.499 (s, 1H, H-18), 7.507 (s, 1H, H-1).

Synthesis of 1-({2-[(2, 6-dichlorophenyl) amino] panyl} acetyl) 1, 2-dihydro pyridazine-3, 6-dione (b

A mixture of [2-(2, 6-dichloroanilino) phenyl] atie acid hydrazide (3) (0.001 mol), maleic anhydr{@.001 mol)
in 5ml absolute ethanol and glacial acetic aci@@B.mol) was refluxed for 3 hrs. The reaction migtwas cooled
and poured into crushed ice. The solid obtained fill@sed, washed with 50 ml of sodium bicarbonatdution
(10%) and recrystallized from ethanol. Yield: 70%3 mp: 116-120°C. IR (KBr)y, cm-1: 3050 (CH), 1490.87
(C=C), 1731.96 (C=0), 3450.41 (N-H), 1298.00 (C-®918.10(-CH), 451.31 (C-Cl). 1H NMR (400 MHz,
CDCI3, TMS): 6 3.783 (s, 2H, H-4), 7.181-7.262 (m, 4H, H-14, 16, 17), 7.073-7.122 (m, 3H, H-21, 22, 23),
7.498 (s, 1H, H-18), 7.519 (s, 1H, H-1), 4.794¢3, B-11).

Synthesis of 2-({2-[(2,6-dichlorophenyl)amino]phenyacetyl)-2,3-dihydrophthalazine-1,4-dione(6)

A mixture of [2-(2, 6-dichloroanilino) phenyl] adetacid hydrazide (3) (0.001 mol), phthalic anhgeér{0.001 mol)
in 5ml absolute ethanol and glacial acetic aci@@B.mol) was refluxed for 3 hrs. The reaction migtwas cooled
and poured into crushed ice. The solid obtained filtesed, washed with 50 ml of sodium bicarbonatdution
(10%) and recrystallized from ethanol. Yield:8%%6, mp: 110-112°C. IR (KBry, cm-1: 3062.75 (CH), 1568.02
(C=C), 1728.1 (C=0), 3450.41 (N-H), 1294.15 (C-I9920.03(-CH), 449.38 (C-Cl). 1H NMR (400 MHz,
CDCI3, TMS):5 3.783 (s, 2H, H-15), 7.17-7.259 (m, 4H, H-18, 20, 21), 7.071-7.120 (m, 3H, H-25, 26, 27),
7.495 (s, 1H, H-22), 7.521(s, 1H, H-1), 7.328-7.8984H,H-7, 8, 9, 10).

Synthesis of 3-{2-[(2, 6-dichlorophenyl) amino] bexyl}-1, 6-dihydro-1, 2, 4-triazin-5(2H)-one (7)

To compound (3) (0.001 mol), 2-chloroacetamid®@@.mol) and dimethylformamide(80 ml) were added #re
reaction mixture was refluxed for 30 hrs. It wasrt concentrated and cooled, whereupon the saidptated was
filtered, washed with ethanol and recrystallizednir DMF. Yield: 79.54%, mp: 96-100°C. IR (KBry, cm-1:
3072.39 (CH), 1581.52 (C=C), 1731.96 (C=0), 344&MH), 1296.08 (C-N), 2916.17 (-GH, 451.31 (C-ClI), 1H
NMR (400 MHz, CDCI3, TMS)3 3.805 (s, 2H, H-6), 7.073-7.150 (m, 4H, H-10, 12, 13), 6.953-7.003 (m, 3H,
H-18, 19, 20), 7.496 (s, 1H, H-15), 3.784 (d, 2HH-

Synthesis of 5-{2-[(2, 6-dichlorophenyl) amino] bezyl}-1, 3, 4-oxadiazol-2-amine (8)

To an ethanolic solution of [2-(2, 6-dichloroandnphenyl] acetic acid hydrazide (3) (0.001 maljanogen
bromide (0.001 mol) was added. The reaction mixtuas stirred with heating at 55-56° C for 2hrs. Tésulting
solution was cooled and it was neutralized withiwadbicarbonate (10%) solution. The solid thus mitated was
filtered, washed with water, dried and recrystalliZzrom methanol. Yield: 89.42%, mp: 120-124°C.(KBr), v,
cm-1: 3029.96 (CH), 1568.02 (C=C), 1731.96(C=0%®32 (N-H), 1298.00 (C-N), 2948.96 (-&H 453.24 (C-
Cl), 1095.49 (C-O-C). 1H NMR (400 MHz, CDCI3, TMS) 7.334-7.405 (m, 4H, H-10, 11, 12, 13), 7.076-7.136
(m, 3H, H-17,18, 19), 7.527 (s, 1H, H-14), 1.6612(d,H-7), 3.482 (s, 2H,H-6).

Synthesis of 5-{2-[(2, 6-dichlorophenyl) amino] bezyl}-1, 3, 4-oxadiazole-2-thiol (9)

A mixture of 0.001 mol of [2-(2, 6-dichloroanilipgphenyl] acetic acid hydrazide (3), KOH (0.001 jrexhd carbon
disulphide (5 ml) in ethanol (50 ml) was refluxed @ steam bath for 12 hrs. The solution was theweutrated,
cooled and acidified with dilute HCI. The solid thprecipitated was filtered, washed with ethanoledd and
recrystallized from ethanol. Yield: 64.18%, mp: 1280°C. IR (KBr),v, cm-1: 3060.82 (CH), 1479.3 (C=C),
2362.64 (S-H), 3348.19 (N-H), 1191.93 (C-N), 2930(©CH>-), 439.74 (C-Cl). 1H NMR (400 MHz, CDCI3,
TMS): § 7.320-7.390 (m, 4H, H-10, 11, 12, 13), 6.553-6.60% 3H, H-17, 18, 19), 7.644 (s, 1H, H-14), 1.92
2H, H-7).

Synthesis of N-(2-{[5-(substituted aryl)-1, 3, 4-adiazol-2-yl] methyl} phenyl)-2, 6-dichloroaniline (10-13)
0.001 mol of [2-(2, 6-dichloroanilino) phenyl] aweacid hydrazide (3), and appropriate aromatid £8i001 mol)
was dissolved in phosphorus oxychloride and refluf@ 8 hrs. The reaction mixture was slowly poumgbr
crushed ice and kept overnight. The solid thusipitated was filtered, washed with water, dried aecrystallized
from ethanol.
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2, 6-dichloro-N-(2- {[5- (4-nitrophenyl) -1, 3, 4-aadiazol-2-yl] methyl} phenyl) aniline (10)

Yield: 76.28%, mp: 107-111°C. IR (KBn, cm-1: 1473.51 (C=C), 3434.98 (N-H), 1305.72 (G-RB3.05 (—CH),
509.17 (C-Cl), 1523.66 (N=0), 1008.70 (C-O-C). HIMIR (400 MHz, CDCI3, TMS)3 7.499-7.568 (m, 4H, H-9,
10, 11, 12), 7.400-7.454 (m, 3H, H-22, 23, 24)86:6.724 (m, 4H, H-14, 15, 18, 17), 3.788 (s, 1FQ)H1.256 (s,
2H, H-6).

N-(2-{[5-(4-aminophenyl)-1, 3, 4-oxadiazol-2-yl] mayl} phenyl)-2, 6-dichloroaniline (11)

Yield: 71.55%, mp: 168-172°C. IR (KBr), cm-1: 3000 (CH), 1467.73 (C=C), 3429.2 (N-H), 13D (C-N),

786.90 (—CH), 497.60 (C-Cl), 1012.56 (C-O-C). 1H NMR(400 MH2DCI3, TMS):$ 7.420-7.604 (m, 4H, H-9,
10, 11, 12), 7.215-7.337 (m, 3H, H-22, 23, 24)88-6.755 (m, 4H, H-14, 15, 18, 17), 3.706 (s, 119, 1.255 (s,
2H, H-6), 3.429 (s, 2H, H-26).

2-(5-{2-[(2, 6-dichlorophenyl) amino] benzyl}-1, 34-oxadiazol-2-yl) phenol (12)

Yield: 82.74%, mp: 140-144°C. IR (KBry, cm-1: 1195.78 (CH), 1568.02 (C=C), 1610.45 (N-£309.58 (C-N),
786.90 (-CH), 493.74 (C-CI), 1010.63 (C-O-C), 3411.84 (-O-HH NMR (400 MHz, CDCI3, TMS)5 7.488 (m,
4H, H-9, 10, 11, 12), 7.245 (m, 3H, H-22, 23, B%21 (m, 4H, H- 15, 16, 17, 18), 3.704 (s, 1H,$);1.249 (s,
2H, H-6), 8.492 (s,1H, H-26).

2,6-dichloro-N-(2-{[5-(3, 5-dimethoxyphenyl) -1, 34-oxadiazol-2-yl] methyl} phenyl) aniline(13)

Yield: 87.42%, mp: 233-237°C. IR (KB}, cm-1: 1469.66 (C=C), 1600.81 (N-H), 1307.65 (G-2933.53 (-Cht
), 495.67 (C-Cl). 1H NMR (400 MHz, CDCI3, TMS):7.58 (m, 4H, H-9, 10, 11, 12), 7.325 (m, 3H, H-22, 24),
6.704 (m, 3H, H-14, 18, 16), 2.232 (s, 1H, H-9258 (s,2H, H-6), 3.890 (s, 3H, H-26, 27).

5. Pharmacology

5.1 Animals

Swiss albino mice of either sex weighing 20-25 d ®Wistar rats weighing in the range 100-120 g wesed for
pharmacological screening. All the animals werededuunder standard ambient conditions of temperdff + 2
°C) and relative humidity of 50 = 5%. A 12:12 hHigdark cycle was maintained. All the animals waltewed to
have free access to water and standard palletagtemtdtory animal diet 24 h prior to pharmacologitaldies. All

the experimental procedures and protocols usedhignstudy were reviewed and approved by the Irgiital
Animal Ethical Committee (IAEC) of College, registd under Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA), &owment of India.

5.2 Preparation of test compounds

After suspending the test compounds in 1.0% aqueoligion of sodium carboxymethyl cellulose (CM®@st
samples were administered to test animals orahlig. Jositive and negative control group animalsivecethe same
experimental handling as those of the test groupsp that the drug treatment, control group arsmateived only
appropriate volumes of vehicle and of the referadrcg, diclofenac sodium, respectively.

5.3 Anti-inflammatory activity

Anti-inflammatory activity was performed by the lfaving procedure of Jayashankar et al. [7] The afémvere
divided into 12 groups each having six animalsreslily prepared suspension of carrageenan(1% @vivml) was
injected to the planter region of left hind paweath rat. One group was kept as control and thmadsiof the other
group were pretreated with the test drugs suspemdéZhrboxy methyl cellulose (1%w/v) given orall® 3nin

before the carrageenan treatment. The paw volunees measured immediately after injection and &térwith

the help of plethysmometer. Mean increase in palume was measured and the percentage of inhibitiag

calculated.

5.4 Analgesic activity

Analgesic activity was tested by the acetic actuoed writhing method. [8] The mice were dividetbi8 groups
of six animals each. A 1 % aqueous acetic acidtisoli(i.p. injection, 0.1 mL) was used as a writhiimducing

agent. Mice were kept individually in the test cégéore acetic acid injection and habituated fon80. Screening
of analgesic activity was performed after i.p. adistration of test drugs and the reference drugddténac acid) at
a dose of 10 mg /kg body weight. All the compoun@se injected as CMC suspension (1 %). One groupkeat

as control and received 1 % CMC. After 20 minutedrag administration, 0.10 mL of 1 % acetic aciution was

given to mice intraperitoneally. Severity of theithing response was recorded for 20 min after adstmation of

acetic acid solution. The analgesic activity wagressed in terms of % protection.
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5.5 Acute ulcerogenicity studies

Acute ulcerogenicity screening was done accordingiéthod reported by Mohammed Ajmal et al.[9] Thecosal
damage was examined by means of 4x binocular magnifor each stomach specimen, the mucosal damage
assessed according to the following scoring system.

Ulcer score Descriptive observation

0 Normal colored stomach
0.5 Red coloration

1 Spot ulcers

15 Haemorrhagic streak
2 Ulcers

3 Perforation

The mean score of each treated group minus the s&@e of control group was regarded as severdgxnof
gastric mucosal damage. Data are expressed as ahemmscore +SEM, data analyzed by one way ANOVA
followed by Newman keul's multiple range test tdeteine the significance of thefflirence between the standard
group and rats treated with the test compounds.diffierences in results were considered significant whevas
found to be <0.01.

RESULTS AND DISCUSSION

2.1 Molecular docking

Various compounds were designed by replacing theogslic acid group present in the diclofenac wehks acidic
heterocycles like phthalazine, triazine, 1, 3, 4diazole, pyridazine, pyrole, pyrazole, imidazdtéazole etc. using
chemoffice2004 software and docking simulation wagied out to all the designed compounds agai@€>%

(COX-2 enzyme) With the help of arguslab program #ire docking scores of each compound was anal@agdf

all the designed compunds, ten compounds showsdgeed interaction energies (tab.1.) even betten tiat of
diclofenac acid.

Tab. 1. Docking scores (kcal/mol) of newly designddad compounds

©i\R
NH

cl cl
S.no R Energy levelS.no R Energy level
(kcal/mol) (kcal/mol)
1. *-13.1794 6. -11.7939
XN
C' L
N——
2. *-12.8261 7. m -11.7861
XN N/ -
[ N
3. * -12.4157 8. / -11.7745
N—=N N C—
\C__ \N/
\_¢ g
4. * -11.8757 9. H -11.535
o_ i/ N\
W .
N—N
5. N/S\C -11.796 10. (S\c -11.4964
\ \_J
Wherex—-p more potent compounds
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Fig.1.Structures of ligands designed from selectddad compounds
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2.2 Lead optimization

Among the above ten compounds, structures contpless acidic heterocycles like phthalazine, triazpyridazine
and 1, 3, 4-oxadiazole nucleus showed highly negaitnteraction energy in molecular docking studi€ke
compounds which showed highly negative energy wewasidered as potent compound. The most potent
compounds were selected as the lead on which wiedaut structural modification in order to incseahe binding
ability. Structures of the newly designed liganasf the lead compounds were given in fig.1.

Tab. 2. Docking scores (kcal/mol) of various newlglesigned ligands (1-10) with COX-1(1Q4G), COX-2
(6COX), LTA 4 hydrolase(2R59)

Ligand COX-1(1Q4G) COX-2(6COX) LTA, hydrolase (2R59)
code Energy Length of Energy Length of Energy Length of
level(kcal/mol) Hydrogen level(kcal/mol) Hydrogen level(kcal/mol) Hydrogen
or Dock score bonds or Dock score bonds or Dock score bonds
formed formed formed
1 -11.4531 22,25,3.0 -12.3424 2.7 -12.1989 255,
2.7,3.0
2 -10.5472 2.9 -11.9594 25 -9.97001 1.8,2.8,
3.4,3.6
3 -12.4313 3.0 -13.3476 3.2 -11.2979 2.8,2.9
1344
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4 -11.8235 2.4 -12.5163 2.2 -11.5081 2.2,24,2.6
,2.9,3.4
5 -11.6318 - -11.3897 2.3 -9.29692 -
6 -11.9601 2.8 -11.5789 - -9.46334 -
7 -12.5957 2.7,2.9, -12.1641 2.9,2.9, -11.0432 24,25
3.3 3.1,
3.1,3.5
8 -13.5629 - -13.001 - -11.4282 2121
9 -13.7718 3.5 -12.6564 3.0 -11.6101 2.4,2.6
10 -12.8009 3.0 -11.4368 2.3 -10.4464 24,29

Fig. 2. Binding mode of ligand-7 with COX-1(1Q4G)COX-2 (6COX) and LTA, hydrolase enzymes (2R59)

COX-1(1Q4G) T COX-2 (6COX)

LTA 4 hydrolase enzyme (2R59)

The binding ability of this newly designed ligandsth COX-1, COX-2 andLTA4Hydrolase enzymes were
determined with the help of molecular docking stsdusing arguslab program. The binding scores sigded
ligands 1-10 with COX-1, COX-4,TA,Hydrolaseenzymes ranging from -13.7718 to -10.5472 Kcal/ri3.3476
to -11.3897 Kcal/mol and -12.1989 to -9.29692 Kwmal/ respectively (tab.2.) and the binding mode ligfand 7
with COX-1 ,COX-2,LTAHydrolaseenzymes was showed in Fig.2. These data cleadigdtes their potency as
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cyclooxygenase inhibitors and LTydrolase inhibitors. Almost all the designed ligarshowed good interaction
energy than the diclofenac which showed the follgninteraction energies -8.4293 Kcal/mol, -8.3123alkKmol
and -8.0792 Kcal/mol with COX-1, COX-2TAHydrolaseenzymes respectively.

2.3 Chemistry

The synthetic route used to synthesize the abotenptigands is outlined in scheme 1. 2-[(2, 6athcoanilino)
phenyl] acetic acid (1) was prepared from diclofesadium by hydrolysis in the pressene of cop8® and
ethanol. Ethyl-[2-(2, 6-dichloroanilino) phenyl] etate (2) was prepared from 2-[(2, 6-dichloroaniimphenyl]
acetic acid (1) by esterification in the pressesiceonc.HSO, and ethanol. [2-(2, 6-dichloroanilino) phenyl] ice
acid hydrazide (3) was prepared from ethyl-[2-(@li¢hloroanilino) phenyl] acetate

Scheme 1

COONa COOH
Conc.H ,SO,
—_—
Ethanol

Conc.H ,S0O 4,
Ethanol

|
@EY i -
NH ,-NH ,.H
cl \ EthanOI Maleic anhydride
Absolute ethanol CONHNH
Phthalic anhydride /
Succinic anhydride,
o Absolute ethanol
/ 2-Chloroacetamide
R-COOH , Ethanol
N_
CS, ,KOH,
(0]
C\©/C CNBr Ethanol m
|

NH
Cl C
N—N
P W
2 5 sH (10-13)
NH
Cl i _ClI

pd

Z /?
I
Tz7 Nz
Iz

f

i
o
—Z

)
R= p-Nitro phenyl (10), p-Amino phenyl (11), o-Hyowy phenyl (12), 3, 5-dimethoxy phenyl (13).
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(2) by treatment with hydrazine hydrate in absobtteanol. The reaction of [2-(2, 6- dichloroanilimhenyl] acetic
acid hydrazide (3) with succinic anhydride in ab$®lethanol afforded 1-({2-[(2, 6-dichlorophenythimo] phenyl}
acetyl) tetra hydro pyridazine-3, 6-dione (4). Compd (3) was allowed to react with maleic anhydriidabsolute
ethanol to givel-({2-[(2, 6-dichlorophenyl) aminphenyl} acetyl) 1, 2-dihydro pyridazine-3, 6-diof. Reaction
of acid hydrazide(3) with phthalic anhydride in alsge ethanol afforded 2-({2-[(2,6-
dichlorophenyl)amino]phenyl}acetyl)-2,3-dihydrophthzine-1,4-dione(6). Compound (3) was refluxedhwi-
chloroacetamide and dimethylformamide to yield 32 6-dichlorophenyl) amino] benzyl}-1, 6-dihydf 2, 4-
triazin-5(2H)-one (7). 5-{2-[(2, 6-dichlorophenyl) amino] berig, 3, 4-oxadiazol-2-amine (8) was prepared from
acid hydrazide(3) in the presence of cyanogen lenihe reaction of [2-(2,6-dichloroanilino) phdmgtetic acid
hydrazide (3) with carbondisulfide in an alkalinedrum afforded 5-{2-[(2, 6-dichlorophenyl) amincgnzyl}-1, 3,
4-oxadiazole-2-thiol (9). Various 5-substituted dieazoles(10-13) were prepared by the treatmentidf laydrazide
(3) with various substituted aromatic acid in thhegence of phosphorus oxychloride.

The structures of various synthesized compound® wssigned on the basis of different spectral studihe
physical data, FTIR antHNMR data for all the synthesized compounds wepented in experimental protocols.

2.4 Pharmacology

In the pharmacological study, we have investigateti-inflammatory and analgesic activity as welltlas acute
ulcerogenicity of all the synthesized compoundscldénac, the parent compound, was used as a mekere
standard. The animals were maintained at 25 + 258+ 5% relative humidity and 12 h light/dark ayclThe
animals were fasted for 24 h prior to the experitm@mnd water provided ad libitum.

2.5 Anti-inflammatory activity

Anti-inflammatory activity of the synthesized compds was evaluated by carrageenan induced rat pdenae
model. Screening of anti-inflammatory activity waasrformed after administration of test drugs oerefice drug
(diclofenac acid in case of standard group) atsedd 10 mg/kg body weight. 1% carrageenan prodireagdase in
paw volume (oedema) of all the animals of variotmugs. The significant (p < 0.01) reduction of ratvpoedema
was observed by most of the test compounds atehipared to control group (Tab.3.). Compound 4,®, 711, 12
possess significant anti-inflammatory activity wleempared to control group at p<0.01.

2.6 Analgesic activity

The analgesic activities of the compounds wereistudy using acetic acid induced writhing test iicen The
compounds, which exhibited significant anti-inflamamgtactivity comparable to that of diclofenac acidere
screened for analgesic activity. The analgesicvigagtiwvas evaluated after i.p. administration ofttelsugs or
reference drug (diclofenac acid in case of standaodip) at a dose of 10 mg/kg body weight. Thesepmunds
presented an important analgesic profile measurethdylassical acetic acid induced writhing modiebm the
results of acetic acid induced writhing test, itsweticed that all compounds possess significaalasic activity
(Tab.4.).

Tab.3. Anti-inflammatory activity of various synthetic drugs

Paw volume(ml) as Percentage inhibition

Compound code measured at 3 hour of paw oedema

Control 5.10+0.98 -

reference 1.70+0.28 66.66%
4 2.60+0.28 49.01%*
5 3.52+0.86 30.09%
6 2.38+0.40 53.33%*
7 2.30+0.36 54.90%*
8 3.20+0.38 36.07%
9 2.58+0.48 49.41%*
10 3.12+0.73 38.82%
11 2.32+0.52 54.50%*
12 2.40+0.60 52.94%*
13 3.40+0.80 33.33%
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Tab.4. Analgesic activity of various synthetic drug

No. of writhes in 20
Compound code min after treatment % inhibition
(Mean = SEM)

Normal saline 36+3.0 -

reference 6+0.8 83.3%
4 14.0+2.3 61.1%*
6 12.5+1.2 65.27%*
7 8+0.7 77.7%*
9 13+1.5 63.8%*
11 11+£1.0 69.4%*
12 9+0.6 75%*

Tab.5. Acute ulcerogenicity studies of various syhetic drugs

Compound code Ulcer index(mean+ SEM)

Normal saline 0.30+ 0.06

reference 2.3+ 0.06
4 0.75+ 0.3%
6 0.90+ 0.22
7 0.75+0.30
9 0.50+ 0.10
11 0.58+ 0.12
12 0.60+ 0.09

Data analyzed by one way ANOVA followed by Newnlanigs multiple range test.
* values were considered significant at P< 0.01.

2.7 Acute ulcerogenicity studies

The compounds which showed significant Anti-inflanbonga activity and analgesic activity were also sered for

acute ulcerogenicity by pyloric ligation model. Timeicosal damage was examined by using 4x binoowanifier

and severity index was calculated. Close inspedtibthe results obtained by ulcerogenecity studheicate that
ulcerogenic activity (tab.5.) of various synthediz®mmpounds ranging from 0.58+ 0.12 to 0.90+ Ovi#2ereas the
standard diclofenac sodium showed high severityxndf 2.3+0.06. Hence it can be said that gastestirial

tolerance to this compounds are better than thdictdfenac sodium.

CONCLUSION

Various heterocyclic analogues of diclofenac weesighed and the potent ligands were identified ighp of
molecular docking. Moreover these potent ligandsevaynthesized and screened for analgesic, ardinimflatory
and ulcerogenic potential. Most compounds exhibitegnificant analgesic and anti-inflammatory activity
Compounds 4, 6, 7, 9, 11, 12 showed strong analgesiacetic acid induced writhing tests. Among thi
synthesized compounds, compounds 4, 6, 7, 9, 1E&xhbited most prominent and consistent anti-inflatory
activity. From the detailed analysis of the resoltacute ulcerogenicity studies, we conclude thatsynthesized
compounds have not only retained the anti-inflammyafmofile of diclofenac acid but also have helped i
enhancing the anti-inflammatory activity and areai@\of the deadlier gastrointestinal toxicities. fdover close
inspection of results of in vivo experiments; wa canclude that the cyclization of hydrazide motetyarious less
acidic heterocyles yielded compounds with therapeafficacy.
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