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Abstract—In an attempt to find out the chemical and structural features of some p-arylthio cinnamides 1 as antagonists of bio-
chemical ICAM-1/LFA-1 interaction as well as ICAM-1/JY-8 cell adhesion in relation to anti-inflammatory activity, QSAR study
was performed. Steric effect on the arylthio ring and lipophilic substitutions at 2,3-positions, especially 2,3-disubstitution with CI or
CF; or both on cinnamides 1 were conducive to the activity, whereas simultaneous presence of methoxy group at arylthio ring and
NCOCHj; group at heterocyclic ring of cinnamides 1 were detrimental to activity in antagonism of biochemical ICAM-1/LFA-1
interaction. When inhibition of ICAM-1/JY-8 cell adhesion was considered, lipophilic substitution on ring B and simultaneous
presence of CF; groups at 2 and 3 positions of the ring B were advantageous to antagonism. This QSAR study showed that B ring
has played the most important role for both types of activities. © 2002 Elsevier Science Ltd. All rights reserved.

© 2003 Elsevier Science Ltd. All rights reserved.

Introduction

Inflammation occurs after a number of events. The most
important event is vasodilatation due to increased vas-
cular permeability and exudation of fluid and plasma
protein. Another important event is cell adhesion. In
this process leukocytes first adhere to a specific region of
the vascular endothelium and then cross the endothelial
barrier to migrate to the inflamed tissue.! Adhesion
molecule such as integrins, Ig supergene family mem-
bers and selectins are involved in adhesion. Leukocyte
function associated antigen-1 (LFA-1 or CD11a/CD18)
belongs to a member of the B, integrin family of adhe-
sion molecule oy B,.2 It is thought that LFA-1 interact
with intercellular adhesion molecule ICAM-1 (CD54),
an immunoglobulin expressed on endothelial cells, and
this interaction promotes the migration of leukocytes
rapidly into surrounding tissue. So, an agent which
blocks the biochemical ICAM-1/LFA-1 interaction may
suppress these early steps in the inflammation. It is also
observed that JY-8 cells (a human EBV, i.e., Epstain—
Barr Virus—transformed B cell line) express LFA-1
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which adhere with ICAM-1 and that adhesion helps in
inflammation. Thus, a molecule, which prevents this
adhesion, may act as an anti-inflammatory agent.®> The
primary biochemical assay measures the ability of the
compound to block the interaction between the integrin
LFA-1 and its adhesion partner ICAM-1 in a time-
resolved fluorescent ICAM-1/LFA-1 biochemical inter-
action assay. Biologically relevant activity of the com-
pounds can be confirmed by using a cell-based adhesion
assay, which measures the ability of a compound to
block the adherence of JY-8 cells to immobilized
ICAM-1.3

In this communication Quantitative Structure—Activity
Relationship (QSAR) study was performed using
Hansch approach* on some novel p-arylthio cinnamides
1 shown in Figure 1 as antagonists of ICAM-1/LFA-1
interaction as well as ICAM-1/JY-8 cell adhesion® as a
part of our programme of rational drug design.®

Results and Discussion

The 50% Inhibitory Concentration (ICsy) of the bio-
chemical ICAM-1/LFA-1 interaction and that of (i.e.,
ICso) of ICAM-1/JY-8 Cell adhesion values of cinna-
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Figure 1. The general structure of the p-arylthio cinnamides.

mides 1 are listed in Table 1. For using in Hansch
model, biochemical ICsy and cell adhesion ICsq values
were converted to negative logarithm form pC; and pC,
respectively to get linear relationship with physico-
chemical parameters. The physicochemical parameters
like hydrophobic parameter (), Taft’s steric parameter
(Es), molar refractivity (MR), field effect (F), resonance
effect (R) were collected from literature,* sum of molar
refractivity for the A ring substituents ( MR 4) was cal-
culated from Chem sketch of ACD Labs software.”

When the biochemical ICAM-1/LFA-1 interaction inhibi-
tory activity of cinnamides (pC;) was studied with physi-

cochemical parameters, the Model 1 obtained was as

pC, = —2.5599(+0.2581) + 0.5449(+0.2503)_ MR

Table 1.

— 1.5973(0.2498)1;

p-arylthio cinnamides 1

+ 1.2630(£0.1307)I; — 1.7621(0.2350)I,

o

n=28; r=20.9611; %EV =92.36; ri =0.9103;

F(4,23) =69.532; p < 0.00000; S.E.E.=0.3109;

PRESS = 3.4217; SSY = 29.0986; &y, = 0.8824;

Spress = 0.3857

where _MRy is the sum of the molar refractivities of
the substituents on the ring A, 1; is the indicator vari-
able for 2,3 disubstitution with either Cl or CF;5 or
both on ring B, I, is the indicator variable for com-
pounds with no substitution on ring B and I3 is
another indicator variable for simultaneous presence
of 2’-OCHj; on ring A and NCOCHj; at the X posi-
tion. The values of I and I3 are 1 for the presence of
the corresponding groups and zero for their absence.
The value of I, is 1 when there is no substitution on
ring B and zero for the substitution on ring B. Among
the statistical parameters ‘»’ is the number of data
points and ‘r, ‘“%EV’, +%’, ‘F’, ‘p’, ‘S.E.E.’, ‘PRESS’,
‘SSY’, ‘rZy’, ‘Spress are correlation coefficient, percen-
tage of explained variance, adjusted #?, ratio between the
variances of observed and calculated activities, prob-
ability factor, standard error of estimate, predicted resi-
dual sum of squares, total sum of squares, cross validated
2, standard error of PRESS respectively.” The value
within the parenthesis is the standard error of the corre-
sponding parameters. The statistical quality of eq 1 was

The biochemical ICAM-1/LFA-I interaction and ICAM-1/JY-8 cell adhesion inhibitory activities and physicochemical parameters of

Compd A ring B ring X Biochemical Cell adhesion MR, Ty
IC50 (IIM) IC5() (HM)

2 2/ 4-di Cl H NCOCH; 4300 —4 0.965 0.000
3 2/ .3'-di Cl H (0] 9100 — 0.965 0.000
4 2 4-di Cl 3-Cl NCOCH; 140 130 0.965 0.710
5 2'-CH;0 3-Cl (0] 150 40 0.637 0.710
6 3',4-OCH,CH,0O 3-Cl NCOCH; 40 80 1.069 0.710
7 3',4-OCH,CH,0 3-Cl CHCOOH 145 — 1.069 0.710
8 3',4-OCH,CH,0O 3-CF; (0] 30 — 1.069 0.880
9 3',4-OCH,CH,0O 3-CF; NCOCH; 55 60 1.069 0.880
10 3',4-OCH,CH,0O 3-CF; CHCOOH 50 — 1.069 0.880
11 3',4-OCH,CH,0O 3-NO, NCOCH; 139 — 1.069 —0.280
12 2'.3'-di Cl 3-NO, NCOCH; 105 100 0.965 —0.280
13 2'-CHMe, 3-NO, NCOCH; 44 30 1.386 —0.280
14 2'-CH;0 3-CH;50 NCOCH; 10700 — 0.637 —0.020
15 3',4-OCH,CH,O 2,3-di Cl NCOCH; 7 8 1.069 1.420
16 2'-CH;0 2,3-di Cl (0] 10 6 0.637 1.420
17 2'-CH_;0 2,3-di Cl1 CHCOOH 8 8 0.637 1.420
18 2'-CHMe, 2,3-di Cl CHCOOH 10 6 1.386 1.420
19 3',.4-OCH,CH,0O 2,3-di Cl CHCOOH 7 6 1.069 1.420
20 3',4-OCH,CH,0O 2,3-di CF3 CHCOOH 3 0.5 1.069 1.760
21 2'-CH;0 2,3-di CF3 CHCOOH 5 0.1 0.637 1.760
22 2'-CH;0 2-CF;3, 3-Cl (0] 8 5 0.637 1.590
23 2'-CH;0 2-CF3;, 3-Cl CHCOOH 6 4 0.637 1.590
24 3',4-OCH,CH,0O 2-CF;, 3-Cl CHCOOH 5 2 1.069 1.590
25 2'-CH;0 2,3-di CH; (0] 90 — 0.637 1.120
26 2’-CHMe, 2,3-di F CHCOOH 115 — 1.386 0.280
27 2'-CH;0 2-F NCOCH; 3900 — 0.637 0.140
28 2'-CH;0 2-CF; CHCOOH 265 — 0.637 0.880
29 2'-CH;0 2-Cl CHCOOH 1400 — 0.637 0.710

4— Indicate that cell adhesion inhibitory activity of these compounds was not evaluated.
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excellent as evidence from its high correlation coefficient
(r=0.9611). This equation explained 92.36% of the
variances in the activity data. Positive coefficient of
_MR, indicated that steric effect at ring A might be
conducive to the activity. These may be due to steric
hindrance on ICAM-1 and thus blockade of the inter-
action of ICAM-1 with LFA-1 molecule. The presence
of 2,3-disubstitution with either Cl or CF; or both on
ring A might be helpful to the activity by way of binding
with electropositive centers of ICAM-1 and/or LFA-1
molecules, which were in accordance with the observa-
tions as reported earlier.® The negative coefficients of I,
and I3 showed that no substitution at ring B and simul-
taneous presence of methoxy (OCHj3) group at 2'-posi-
tion of the ring A and NCOCH; group at position X
have detrimental effects to the biochemical interaction
inhibitory activity.

When instead of I;, the sum of hydrophobic con-
stants of substituents at 2,3-positions on ring B, > np
was used to correlate with the biological activity in
Model 2, a good correlation was found as shown in
eq 2. MR, and > mp values of the compounds are
shown in Table 1.

pC, = —3.3362(£0.4360) + 0.9652(£0.3707)_MR
+0.9469(£0.1560) > 75 — 1.3914

x (£0.3509)I, — 1.1456(£0.3816)1; ©)

n=28; r=0.9228;, %EV =285.15; ri = 0.8257;

F(4,23) =32.967; p <0.0000; S.E.E.=0.4335;

PRESS = 6.2867; SSY = 29.0986; rév = 0.7840;

Spress = 0.5228

Eq 2 explained the variances of the activity data up to
85.15%. The positive coefficient of the > my indicated
that lipophilic property of the substituents at 2,3-posi-
tions on ring B might play a major role through hydro-
phobic interactions with ICAM-1 and/or LFA-I
molecules in the biochemical interaction inhibitory
activity of cinnamides 1.

Deletion of the outliers (29, and 29 and 7 respec-
tively), which may act through different mechanism
of action, from Model 2 yielded eqs 3 and 4 with

appreciable correlations as evidenced by statistical
parameters.

pC, = —2.9067(£0.3907) + 0.6502(+0.3272)_ MR,
+0.8621(£0.1340) Y "7 — 1.5170

x (£0.2981)I, — 1.3694(£0.3289)1; 3)

DC=29;, n=27, r=09449; %EV = 89.28;
ri =0.8733;  F(4,22) =45.791; p < 0.0000;
S.E.E. =0.3651; PRESS =4.3571;

SSY =27.3523; riy =0.8407; Spress = 0.4450

pC, = —2.9035(£0.3764) + 0.6857(+0.3160)_MR 5

+0.8507(£0.1293) Y g — 1.5544

X (£0.2882)[, — 1.3945(+0.3172)15 4)
DC=29, 7, n=26; r=09511; %EV =9045;
ri =0.8863; F(4,21)=49.731; p < 0.0000;

S.E.E. =0.3518; PRESS = 3.9545;

SSY = 27.2170; "%:v =0.8547;  Spress = 0.4339

where DC is the deleted compounds. Eq 4 explained up
to 90.45% of the variances of the activity data. The
correlation matrix of eqs 1 and 4 are shown in Tables 2
and 3 respectively. The observed, calculated and resi-
dual values of the biochemical interaction inhibitory
activity of cinnamides 1 for eqs 1 and 4 are shown in
Table 4. The predictive powers of these two equations
were confirmed by Leave-One-Out (LOO) method.?
The LOO-predicted values of eqs 1 and 4 are shown in
Table 4.

When ICAM-1/JY-8 cell adhesion inhibitory activity of
cinnamides 1 was considered for correlation with the
physicochemical parameters, in Model 3, sum of the
hydrophobic constants at 2,3-positions of the ring B
(3" mp) and an indicator parameter I, which is related
with ring B only, were having significant effects in the
cell adhesion inhibitory activity as shown in eq 5.

Table 2. The correlation matrix for eq 1

_MR, I I I pCy
_MRj 1.00 —0.10 0.05 —0.31 0.18
I, 1.00 —-0.21 —-0.21 0.76
15 1.00 —0.08 —0.53
I3 1.00 —0.53
rCi 1.00

Table 3. The correlation matrix for eq 4

_MR4 _Ts I I3 pCi
_MRyu 1.00 —-0.23 0.05 —0.33 0.14
Smp 1.00 —0.36 —0.33 0.79
15 1.00 —0.08 —0.57
I 1.00 —0.57

pC, 1.00
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Table 4. The observed, calculated, residual and LOO-predicted values for eq 1

Compd Observed Eq 1 Eq 4
value
Calcd Res. LOO-pred. Calcd Res. LOO-pred.

2 —3.6334 —3.7962 0.1628 —3.9590 —3.7962 0.1628 —3.9590
3 —3.9590 —3.7962 —0.1628 —3.6330 —3.7962 —0.1628 —3.6330
4 —2.1461 —2.0341 —0.1120 —2.0260 —1.6378 —0.5083 —1.6090
5 —2.1760 —2.2129 0.0369 —2.2190 —1.8627 —0.3133 —1.8050
6 —1.6020 —1.9775 0.3755 —2.0090 —1.5665 —0.0355 —1.5640
7? —2.1613 —1.9775 —0.1838 —1.9620 — — —

8 —1.4777 —1.9775 0.4998 —2.0190 —1.4219 —0.0559 —1.4190
9 —1.7403 —1.9775 0.2372 —1.9970 —1.4219 —0.3184 —1.4030
10 —1.6989 —1.9775 0.2786 —2.0010 —1.4219 —0.2770 —1.4050
11 —2.1430 —1.9775 —0.1655 —1.9640 —2.4087 0.2657 —2.4890
12 —2.0212 —2.0341 0.0130 —2.0350 —2.4800 0.4588 —2.6370
13 —1.6434 —1.8048 0.1613 —1.8400 —2.1913 0.5479 —2.3930
14 —4.0293 —3.8102 —0.2192 —3.5910 —3.8782 —0.1511 —3.7270
15 —0.8450 —0.7145 —0.1305 —0.6960 —0.9625 0.1175 —0.9750
16 —1.0000 —0.9499 —0.0501 —0.9420 —1.2587 0.2587 —1.2910
17 —0.9030 —0.9499 0.0469 —0.9570 —1.2587 0.3557 —1.3040
18 —1.0000 —0.5418 —0.4582 —0.3780 —0.7451 —0.2549 —0.6460
19 —0.8450 —0.7145 —0.1305 —0.6960 —0.9625 0.1175 —0.9750
20 —0.4771 —0.7145 0.2374 —0.7470 —0.6732 0.1961 —0.7120
21 —0.6989 —0.9499 0.2510 —0.9910 —0.9694 0.2705 —1.0140
22 —0.9030 —0.9499 0.0469 —0.9570 —1.1141 0.2111 —1.1430
23 —0.7781 —0.9499 0.1718 —0.9780 —1.1141 0.3360 —1.1610
24 —0.6989 —0.7145 0.0156 —0.7170 —0.8178 0.1189 —0.8350
25 —1.9542 —2.2129 0.2587 —2.2570 —1.5139 —0.4403 —1.4580
26 —2.0606 —1.8048 —0.2559 —1.7480 —1.7149 —0.3457 —1.6360
27 —3.5910 —3.8102 0.2192 —4.0290 —3.7421 0.1511 —3.8940
28 —2.4232 —2.2129 —0.2103 —2.1770 —1.7181 —0.7051 —1.6110
292 —3.1461 —2.2129 —0.9332 —2.0530 — — —

2Compounds 29 and 7 are outliers for the Eq 4.

pC, = —1.9338(£0.2010) + 0.7303(£0.1677) > " 7p

+ 1.2990(%0.3211)14 %)
n=16; r=0.9030; %EV =281.53; ri =0.7869;
F(2,13) =28.698; p < 0.00002; S.E.E.=0.3920;
PRESS = 3.7596; SSY = 10.8189; rZ, = 0.6525;

Spress = 0.5378

where 14 is the indicator parameter for the simultaneous
presence of triflouromethyl (CF3) groups at 2- and 3-
positions of the ring B. The positive coefficient of this
parameter showed that simultaneous presence of CFj3
groups at 2,3-positions on the ring B was conducive to
the activity, may be due to interaction with ICAM-1
molecule and thereby block JY-8 cell for binding. > ng
played an important role in the cell adhesion inhibitory

Table 5. The correlation matrix for eq 6

> mp Iy pCs
>mp 1.00 0.38 0.80
1, 1.00 0.77

pCs 1.00

activity. After deleting the outliers (4, 6 and 13), which
may be acting through a different mechanism, the sta-
tistical quality of the Model 3 was improved as shown in
eq 6. The correlation matrix as well as the observed,
calculated, residual and LOO-predicted values for eq 6
are listed in Tables 5 and 6 respectively.

pC, = —2.0339(£0.2018) + 0.8536(0.1534) Y 7y

+ 1.1820(=40.2288)14 (6)

Table 6. The observed, calculated, residual and LOO-predicted
values for eq 6

Compd Observed Calculated Residual LOO-predicted
value value value
5 —1.6020 —1.4278 —0.1742 —1.3930
9 —1.7780 —1.2827 —0.4953 —1.2140
12 —2.0000 —2.2729 0.2729 —3.1720
15 —0.9030 —0.8218 —0.0813 —0.8120
16 —0.7780 —0.8218 0.0437 —0.8270
17 —0.9030 —0.8218 —0.0813 —0.8120
18 —0.7780 —0.8218 0.0437 —0.8270
19 —0.7780 —0.8218 0.0437 —0.8270
20 0.3010 0.6505 —0.3495 1.0000
21 1.0000 0.6505 0.3495 0.3010
22 —0.6990 —0.6766 —0.0224 —0.6730
23 —0.6020 —0.6766 0.0746 —0.6890
24 —0.3010 —0.6766 0.3756 —0.7370
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n=13; DC=4, 6, 13; r=0.9499;
%EV = 90.23; ri =0.8828; F(2,10) = 46.194;
p <0.00001; S.E.E.=0.2758; PRESS =2.9343;

SSY = 7.7872; rg&y = 0.6232;  Spress = 0.5417

Conclusion

The QSAR study clearly showed that in biochemical
ICAM-1/LFA-1 interaction, compounds with lipophilic
substitution at 2,3-positions, especially 2,3-disubstitu-
tion with either Cl or CF; or both on ring B were more
active than any other substitution on the same ring.
This might be due to the hydrophobic interaction or
binding of Cinnamides 1 with electropositive centers of
ICAM-1 and/or LFA-1 molecules. No substitution on
ring B and simultaneous presence of 2’-OCHj; on ring
A and NCOCH; at X-position were resulted com-
pounds with low active antagonists of this interaction.
Steric effects on ring A was also fruitful to biochemical
interaction inhibitory activity due to steric hindrance
on ICAM-1 and thus may block the interaction. In case
of ICAM-1/JY-8 cell adhesion inhibition, lipophilic
substitutions on ring B were resulted compounds with
high activity. Hydrophobic interaction with ICAM-1
molecule with active compounds might block JY-8 cell
for binding. More active compounds obtained with 2,3-
di triflouromethyl substitution on ring B of the p-aryl-
thio cinnamides 1 so far cell adhesion inhibition is
concerned. When both biochemical ICAM-1/LFA-1
interaction and ICAM-1/JY-8 cell adhesion inhibitions
were considered ring B has played the most important
role. This QSAR study will be beneficial for future tail-
oring of this type of compounds for such types of
activities.
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