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ABSTRACT

Aryl acetic acidsare widely used in the treatment of inflammation and asso-
ciated with severa drawbacks. QSAR approach has been useful in such
cases, provide information regarding modifications required to optimize
lead molecules. A series of 4’,5- disubstituted 3-biphenylylacetic acid
derivatives were quantitatively analyzed using TSAR software. Multiple
regression analysis was carried out to find out co-relation between physi-
cochemical parameters and the anti-inflammatory activity (r = 0.838, r2=
0.702,n=22,5=0.361, F=14.17,r* = 0.538) aswell astoxicity (r = 0.870, r’=
0.757,n=22S=0.113, F=29.696, r°,, = 0.716). Thegenerated QSAR models
reveal ed the importance of electronic and steric parameters. Electron with-
drawing and less bulky groups at 4’and 5 positions were found important
for enhancement of activity and lessbulky groups and lower lipophilicity of
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substituents in a copmpound will give safer drugs.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs)
areof hugetherapeutic benefit in thetreatment of rheu-
meatoid arthritisand varioustypesof inflammatory con-
ditions. Like Aspirin, al other NSAIDs such as
Ibuprofen, Ketoprofen and Naproxen develop their
mode of action by blocking cyclooxygenase. There-
fore, administration of NSAIDs, for exampleto treat
inflammatory diseases such as osteoarthritis or rheu-
matoid arthritis, unavoidably leadsto lack of the pros-
taglandinsrequiredfor thephysiologica functionsalso™.
A severesdeeffect of NSAIDsisbronchocondtriction
with resultant asthmatic events. Thereduced amount of
bronchodilatating PGE, onthe onehand and ashiftin

the metabolic pathway from the cycl ooxygenase path-
way to the 5-lipoxygenase pathway on the other hand,
seemsto be responsible for the bronchoconstricting
effect of NSAIDS2. Thelatter pathway metabolizes
‘overflow’ AA, which cannot be transformed by the
blocked cyclooxygenase pathway. The resulting
leukotrienes act asbronchoconstrictors®. Because of
these problems, amajor target of drug researchisthe
development of NSAIDswith anti-inflammatory and
analgesic activity but without side effects. Computa-
tional methodshavethe potentia to speed thediscov-
ery of novel compoundsand to guide optimization of
the properties of these compounds™.

Biphenyl acetic acid series of compounds like
Furbiprofen, Namoxyrateareproven NSAIDsand dso
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attempts have been made to makethem COX-2 selec-
tive by modification of their structures (Figure 1),
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Figure1: Srucutreof flur biprofen and itsmodified derivative

However methodology used for NSAID modifica
tionsisnot genera and consistsof extensive modifica-
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tionof individua compounds.

EXPERIMENTAL

Y. Tamura, et. a.l® has disclosed synthesis of
biphenylyl acetic acidsand their derivativeswith antiin-
flammatory and and ges cactivities. Structuresof which
arepresented in TABLE 1. Thereported SAR isdi-
rected only to dterations of the substituentsat various
positionsinthe structureand norationalewas provided
toreducetria and error factors. Hence QSAR studies
were performed corrd ating anti-inflammatory activity
aswdll asacutetoxicity with physicochemical proper-
tiesof biphenyl seriesof compounds.

TABLE 1: Sructuresof 4’ 5-disubstituted 3-biphenylyl aceticacid derivatives.

Rs3
I
CH-COOH

-~

I\SII).. Comp. Name Ry R, R3 I\SIIJ.. Comp. Name R; R, R3
1 ba H - NHCOCH; H 12. 5l 4Cl - CL H
2 5b 4 CH;0- - NHCOCH; H 13. 5m H F H
3. 5c 4Cl - - NHCOCH; H 14, 5n 4Cl - F H
4, 5d H - NH, H 15. 50 H H CH;
5. 5e 4 CH;0- - NH, H 16. 5p 4 CH;0- H CH;
6. 5f 4Cl - - NH, H 17. 5q 4Cl - H CH;
7. 59 H H H 18. Br H cl CH;
8. 5h 4 CH;0O- H H 19. Bs 4 CH;0- Cl CHj;
9. 5i 4Cl - H H 20. 5t 4Cl - CL CHs;
10. 5 H Cl H 21. 5u H F CHj;
11. 5k 4 CH30O- Cl H 22. 5v 4Cl - F CHj;

MATERIALSAND QSARMETHODOLOGY

Biologicd activity (anti-inflammatory activity) va-
uesarereported asinhibitory activity on carrageenan
paw edema (% inhibition at 3 h) and acutetoxicity as
LD,,. Pharmacological screening valuesthereinwere
convertedinto Log (%1nh) and Log (LD, ) wereused
for multiple corrd ation anaysi swith descriptors gener-
ated using TSAR 3.3" software.

All molecules were drawn and imported into
TSAR software window. Chargeswere derived us-

ing Charge 2-Derive charges option and optimized
by using Cosmic-optimize 3 D optioninthe structure
menu of the project table. Substituentswere defined
asshownin Figure 2 and descriptorswere cal cul ated
for whole molecule aswell asfor the substituents.
Several equationswere generated correlating both
Log (% Inh) and Log (LD, ) with physicochemical
parameters (descriptors) by multiplelinear regression
analysis (MLR) method. Datawas standardized by
range and |eave one out method was used for cross
validation. Modelswereexcluded if correlation was
exceeding 0.9 for morerigorous analysis. Correla
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tion matrix wasgenerated to find any intercorrelation
between the descriptors.

Figure2: Substituent selection for 3-biphenylyl acetic acid
derivatives

RESULTSAND DISCUSSION

Equationscorrelating Log (% Inh) with descriptors
generated are presentedin TABLE 2.

TABLE 2: Equations gener ated between log (% inh) and
descriptors

Sr. . 2 2
No. Equation n s r r o F

1 Y =0.398* X1-0.317

oo X1 Ao
g V02007 ¥2- 13233 22 0456 0735 0539 0.243 9.966

Y =-0.218* X4
3 _1576* X3- 13.218 22 0.433 0.765 0.585 0.412 12.008

Y =-0.199 *X4 - 0.229 *
X2 -1553* X3 - 12.575 22 0.364 0.835 0.697 0.487 13.816

Y =-0.227 * X4 - 1.469*
5 X3 - 0.414*X5 - 10573 22 0.361 0.838 0.702 0.538 14.17

22 0528 0.54 0.291 0.132 8.226

N

Where

Y =Log (%Inh) X1=ClogP X2:VerloopB4 (Subgt. 2)
X3=VAMPHOMO (WholeMolecul€e)

X4 =Dipole Moment Z Component (Whole Molecul€)

X5 =InertiaMoment 2 Length (Whole Molecule)

The correlation coefficient of equation Lissignifi-
cantly low showing that lipophilicity isnot much con-
tributivefor activity. When|ogp descriptor wasincluded
with other steric and el ectronic descriptor led to gen-
eration of equationsof very low predictivity. Wethen
generated equationsusing steric and € ectronic param-
eters only and obtained equations 2 to 4 with two to
threetermsinthefina equation.

Although eguation No. 4 found to begood were-
placed descriptor Verloop B4 (Subst. 2) with Inertia
Moment 2 Length (Whole Molecule) [intercorrelation
between thesetwo descriptorsis0.899] and found im-
provement inthemodd to get equation 5. Resdua sum
of squaresand predictive sum of squareswasfoundto
be2.347 and 4.434, respectively for equation 5. The
graph of observed Vs predicted datafor anti-inflam-
matory activity ispresented in Figure 3.
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Figure3: Correlation graph observed and predicted log (%
Inh) datafor 22 compoundsderived from equation 5

Equationscorrelating Log (LD, ) versus descrip-
torsgenerated are presented in TABLE 3.

TABLE 3: Equations generated between log (Id,) and
descriptors.

Sr 2

. : 2
No. Equation n S r r I F
6. 09 (LD5°)3=3;3%214X1+ 22 0131 0811 0.658 061 3856

log (LDsg) = - 0.200 X1 —
7. (Deo) = 0290 X1~ 22 0113 0870 0.757 0.716 20696
Where

X1=logPand X2 =Inertiamoment 2 length

The correl ation coefficient of equation 6issignifi-
cantly highindicating that lipophilicity ismuch morere-
sponsiblefor thetoxicity of the compounds. Further
wetried to seeany steric or electronic descriptor may
be contributing for toxicity and found equation 7 show-
ingimprovement inthemodd by incluson of gericterm.
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Residua sumof squaresand predictivesum of squares  drawing and less bulky groupsmay enhancethe activ-
wasfoundtobe0.244 and 0.328, respectively for equa- ity (% Inh) but lipophilic contribution can not beruled
tion 7. The graph of observed Vs predicted datafor out dueto cons derable contribution (0.398) by logP

acutetoxicity ispresentedin Figure 4. termintheequation 1.
3 From equation 7 itisevident that logP and Inertia
_ Eg . f moment 2 length (Whole M ol ecul€) contribute signifi-
B 27 < cantly (- 0.290 and — 0.174) for the toxicity of this
g 26 — //“’f 3 seriesof drugs. Lower lipophilic and ectronwithdraw-
3 o ',--—a’/,: ing substituents may decreasethetoxicity.
E 2.3
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steric parameter Inertia Moment 2 Length (Whole
Molecule) contribute (-0.227, - 1.469 and - 0.414,
respectively) negativey for theactivity. Electronwith-
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