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The antihi stamine ac ti vity of N-(pyridin-4-yl)-(indol-3-y l) 

alkylami des has been analyzed using Fujita-Ban and Hansch 

approaches. The ana lyses have helped to ascerta in the role of 

different substillient s in explaining the antiallergic actions of these 

analogues. Frolll both approaches it is revealed th at the small size 

substituents at R and R ~ and non-hydrogen bond acceptor 

substituent at R improve hi stamine antagoni st ac ti vity of a 

compound. Likewise. a small incision such as - CH 2CONI-I

serving as the spacer between pyridinyl and indolyl rings and a 

bi gger substituent li ke 4-FBn at RI are also desirable for 

inhibitory ac ti vity. 

A new seri es of N-(pylidin-4-yl)-(indol-3-

yl)alkylamides (Fig. I) as the potent antiallergic agents 

have recently been repo l1ed by Menciu et of. I. 

Antiallergic acitivity of these compounds was evaluated 

using three ill vitro assays i. e., inhibition of interl eukins, 

IL-4 and IL-5 production in Th-2 cells and inhibition of 

ovalbumin-induced histamine release in gui nea pig 

peritoneal mast cell s. Results were expressed in per cent 

inhibition of IL-4 and LL-5 and by ICso for histamine 

antagonism. The per cent inhibition of IL-4 and IL-5 at 

10 )..I.M concentrations was reported only for a few 

compounds, retl ecting the minimum scope to draw any 

meaningful conclusion. The ill vitro inhibition of 

allergically induced histamine release in rat peritoneal 

mast cells was, however, determined for a fairly large 

number of compounds and the same is considered for 

present work. 

Fig. I- Structures of N-( pyridin-4-y l)-(i ndol-3-y l)alkylamides 

':'Aut hor for correspondence 

The aim of present co mmunication was to es tabli sh 

quantitati ve structure-acti vity relation ship (QSA R). 

similar to Hansch analysis, between inhibitio n ac ti vity 

of hi stamine and relevant parameters quantifyi ng the 

structural variations in a compound . In additi on, the 

Fujita-Ban approach was al so fo llowed to ca lcu late 

the contributi ons of parent mo ie ty and vari ous 

substituents mounted on it. These studi es furthe r 

he lped to predict the antagonist acti vities of untested 

compounds of the series . 

Hansch and co-workers
2

-
7 

have proposed that the 

mo lar concentration (in logarithmic scale) that e li c its 

a constant bi ological response of a drug molecu le is 

the linear function of its physico-chemical parameters 

governi ng various types of inte ractions. Amo ng 

others, three major physico-chemical factors, name ly . 

the hydrophobic, the s teri c and the electronic, are 

recogni zed to play the pivotal role in drug-receptor 

interaction. The multiple regress ion anal ys is
s
.
9 

(MR A) 

is used to derive the QSARs between the activity and 

various parameters governing the aforesaid 

interactions and the resulting con'e lations are assessed 

through a number of s tati sti cs obtained in conjunction 

with such calculati ons. 

The observation that in a congeneric seri es the 

substituents o ught to contribute constant increments 

or decrements to biological acti vity, led Free and 

Wilson
lo 

to develop an alternati ve QSAR approach, 

which was based on an additive principle. This is 

mos t convenientl y expressed by Eg . ( I) 

. " ( I ) 

where Xj is the jth substituent with a value of I if presen t 

and 0 if not, aj is the contribution of the substituent to 

biological activity, and )..I. is the overall average activity. 

All activity contributions at each position of substituents 

must sum to zero. The series of linear equations so 

generated is solved by the method of least squares for aj 

and )..I.. Fujita and Ban
ll 

later modified thi s approach i ~ 
which symmetric equations were not required and ~l was 

interpreted as the theoretical biological activity val ue of 

the reference compound of a series. The reference 

compound is usually (but not necessaril y) the 

unsubstituted congener. 
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The van der Waals' volume, Vw a structural 

parameter that accounts for the bu lk of a 

molecule/substituent has emerged the most 

appropriate quantifying parameter for this series. Its 

method of calculati on has been described in one of 

our earli er publications ' 2 and was based on the 

original suggestion of Bondi 13 . Further, the hydrogen 

bond acceptor, property for certain substituents was 

also found as the additional appropriate quantifying 

parameter. 

The histamine antagoni st acti vity, ICso represents 

the concentrati on of a compound to bring out the half

max imal inhibition of induced hi stamine release . This 

ac ti vity, further expressed as - logICso on molar scale, 

and the explaining vari ables of the substituents are 

given in Table l. The best fit between -logICso and 

these explaining vari ables (or predictors) was found 

through MRA employing the method of least squares . 

The compounds listed in Table I were used in the 

construction of Fuj ita-Ban matrix with compound 3 as 

the reference congener. Tabu lation of thi s matri x of 

26 linear equations in 10 unknowns including the 

contribution of parent compound is avoided here for 

the sake of brevity. These equations were solved by 

the method of least squares for the unknowns, /l and 

aj. The contributions of variolls substituents obtained 

thereby are summarized in Table 2 al ong with 95% 

confidence intervals (the ± data within parentheses). 

The resulting statistical parameters of the study are: 

n = 26, R = 0.886, s = OA I8, F(l0, 15) = 5.502 

The above deri ved statistical parameters, at fi rst 

instance, are not statistically impressive to draw any 

conclusion regarding the selection of substituents at 

varying sites in a compound. The close inspecti on of 

calcu lated acti vity values of all the data points in the 

training set, however, revealed that rhe compollnd 24 

is the only congener whose calculated acti vity value 

(4.84) was fo und to be lower than the observed one. 

This data point was, therefore, ignored in the fo ll ow 

Table I- QSA R parameters, observed and calculated hi stamine inh ibiti on ac ti vity va lues o f N-(pyridin -4-y l)-(i ndol-3-yl) 

alkylamides (Fig. I fo r structures) 

- logIC,o(M) 

Co mpollnd no. m R RI R2 R2 HA IVw V\V(R 1) Obsd" Cald Ca ld 
(R) 102 ,4 ' 102,4 ' F.B . Eq .(3) 

I I H 4- FBn H 0 0 .344 0.995 7.80 7A6 7. 13 

2 2 H 4-FBn H 0 OA98 0.995 6.66 6.99 6.69 

3 3 H H H 0 0 .652 0.056 5.54 5.57 5.53 

4 3 H 4- FB n H 0 0.652 0.995 6.29 6.26 6.24 

5 I OMe Bn H 0.592 0 .939 5.55 5.82 5.74 

6 2 OMe Bn H 0.746 0 .939 SA l 5.35 5.29 

7 OMe 4- FB n Me I 0.78 1 0.995 5. 30 5.09 5.23 

8 I C I H H 0 0.532 0.056 5.35 5. 84 5.88 

9 2 C I H H 0 0 .686 0.056 5.84 5.37 5A3 
10 2 C I Bn H 0 0.686 0.939 6. 13 6.03 6. 10 

II I C I 4- FB n H 0 0.532 0.995 6.64 6.53 6.59 

12 2 C I 4- FB n H 0 0 .686 0.995 5.89 6.07 6. 15 

13 2 F H H 0 0.557 0 .056 5.66 5.78 5.RI 

14 I F Bn H 0 OA03 0.939 7.22 6.90 6.92 

15 2 F Bn H 0 0.557 0.939 6.38 6A4 6A8 

16 2 F 4- FBn H 0 0.557 0.995 6A2 6A8 6.52 

17 F H Me 0 0.592 0.056 4.99 5A8 5.7 1 

18 F Bn Me 0 0.592 0.939 6.32 6 .13 6.38 

19 F 4- FB n Me 0 0.592 0.995 6AO 6.17 6A2 

20 I iPr H H 0 0 .79 1 0.056 5.3 1 5. 3 1 5. 13 

2 1 2 
ipr H H 0 0.945 0.056 5.5 1 4.84 4.69 

22 2 iPr Bn H 0 0.945 0.939 5.22 5.49 5.36 
)~ 
_ . ) 2 'PI' 4- FB n H 0 0.945 0 .995 5.27 5.5 3 SAO 

24 I iPr H Me 0 0.980 0.056 5.55
h 

4.84 4.59 

25 iPr Bn Me 0 0.980 0 .939 5. 12 5. 19 5.26 

26 iPr 4- FB n Me 0 0 .980 0 .995 5 .16 5.23 .'U O 

"Molar concentrati on required for ill I'il ro study to produce half-maximal inh ibiti on of a lle rgica lly induced hi stami ne re lease with rat 

peritoneal Illast ce lls: taken from re f. I : hOutl ier compound of the present study 
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up QSAR analysis. At present, there is no specific 

reason known that may account for its 'outlier' 

behaviour. Possibly this compound entai ls an error in 

the experimental determination of its activity value. 

While eliminating this data point, the corresponding 

row was removed from the Fujita-Ban matrix and the 

MRA leads to the results summarized in the last 

column of Table 2. The improved statistical 

parameters of the study are: 

n = 25 , R = 0.919, s = 0.368, F(lO,14) = 7.557 

The squared value of R now accounts for 84% of 

the variance and the F-value obtained is significant at 

99% level [F IO.'4(0.01) = 3.94] . The ± data, the 95% 

confidence intervals, associated to the regression 

coefficient terms in Table 2 (last column) have 

indicated that, except the spacer -(CH2h- and R = F, 

all the others are stati stically significant. The 

calculated values of - logICso, listed in Table I , are 

also in close agreement with the observed ones . The 

substituents to be incorporated at various positions of 

the parent moiety , that make higher positive 

contributions to activity may be used to design more 

active compounds of the series in future . The 

predicted -logICso values of a few reported and 

untested compounds are given in Table 3. 

It is important to note that the Fujita-Ban (or the 

Free-Wilson) approach cannot extrapolate beyond the 

substituent used in the training set whereas the 

Hansch approach, attempted next for the same 

training data set, can do so. 

Thus, the listed data in Table I were subjected to 

MRA and the derived correlation due to them is 

shown by Eq. (2) 

-logICso = 7.280 - 0.653(±O.50)HA(R) -

2.581 (±0.86)l:Vw + 0.645(±0.38)Vw(R ,) 

n = 26, R = 0.86 1, s = 0.379, F(3 ,22) = 21.053 ... (2) 

in which l:Vw denotes the added values of van der 

Walls' vo lume for the structural segments, m, Rand 

Table 2-Substituent contribution to hi stamine release inhibitory activities of N-(pyridin-4-yl)-(indol-3-y l) 

alkylamides 

Variation 

m = I 
=2 

R 

Substitution 

-CHz-

-(CH z)~ -

CI 

F 

OMe 

iPr 

Bn 

4-FBn 

Me 

Substituent contr ibution 

n = 26 n = 25 

1.26 I (±0.94) 1.198(±0.84) 

0.804(±0.96) 0.730(±0.85) 

- 0.987(±0.79) - 0.926(±0.70) 

- 0.634(±0.82) - 0 .516(±0.74) 

-1.668(±0.90) -1.599(±0.80) 

-1.447(±0.82) - 1.459(±0.73) 

0.544(±0.49) 0.654(±0.44 ) 

0.558(±0.46) 0.695(±0.43) 

-0.6 I 2(±0.56) -0.771 (±0.52) 

/..l =5 .636(±0.67) 5.567(±0.60) 

Table 3-Predicted activity values of reported compounds that were not tested for inhibition of hi stam ine 

(Fig. I for structures) 

- l og I C~()(M) 

Comp()und no. m R RI Rz F.B. EC).(3) 

I OMe H H 5. 17 5.20 

2 2 OMe H H 4.70 4.74 

3 I OMe 4-FB n H 5.86 5.79 

4 2 OMe 4-FBn H 5.39 5.33 

5 OMe H Me 4.40 4.63 

6 CI Bn H 6.49 6 .57 

7 C I H Me 5.07 5.45 

8 C I 4-FB n Me 5.76 6.04 

9 F H H 6.25 6.40 

10 I F 4-FB n H 6.94 6.99 

I I 2 F 4-FB n H 6.48 6.53 

12 'PI' 4-FBn H 6.00 5.83 
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R2 (Fig. I). Likew ise, the o ther two descriptors stand 

to quantify the substituents indicated within the 

parentheses right to them. The stati sti ca l paramete rs s 

and F obta ined for thi s equati on, tune to stati sti cally 

signi ficant resul t. The F-value is significant at 99% 

level [F ~.: d O . O I) = 4 .82] and the s value is suffi ciently 

low. The sli ghtly low R? -value, accounting for 74% o f 

vari ance in observed acti vity values, however, 

demands fo r further improvement o f Eq . (2) . Thi s is 

achieved by ig noring compound 24 (the 'outlier ' of 

Fuj ita-B an study) aga in fro m the data set. The 

resulting corre lati on is g iven by Eq . (3) 

- loglC5o = 7.371 - 0.638(±0.45 )HA(R)-

2.885(±0.8 1) L: Vw + 0 .759(±0.35) Vw(R,) 

n = 25, R = 0.895, s = 0 .340 , F(3,2 1) = 28.059 . .. (3) 

All the stati sti ca l para meters of Eq . (3) are now 

improved, in stati sti cal sense, over to that of Eq. (2). 

The R" -value, obta ined fo r an equatio n in 25 data

po ints, is accounting fo r 80% o f vari ance in observed 

acti vity va lues . A lso the s-value and ± 95% 

confidence interva ls, assoc iated to the regress ion 

coeffi c ients are further lowered . In additio n, the F

va lue, sig nificant at 99% level [FUI(O.Ot ) = 4 .87] , is 

a lso inc reased. The above derived correlati on 

eq uations are the bes t a lternati ves amo ngst a large 

number of QSAR equati ons, obtained by considering 

a vari ety of corre lati ve parameters perta ining to the 

electro ni c, hydro phobic and ste ri c interacti ons. But 

no ne of these parameters, except the Vw, could 

ex pla in mo re lucid ly the variation in biological 

acti vity of these compounds . Even before fin ali z ing 

Eq. (3 ), separate Vw para meters fo r m, R and R2• the 

summed values such as L: Vw( m + R). L:Vw(m + R2) 

and L: Vw(R + R2) were successive ly inc luded in the 

multiple regress io n analys is, but none of these was 

superi or to Eq . (3). T he ratio nale of summing Vl\ ' 

parameters of m, R and R2 seg ments become apparent 

o n the stati sti ca l ground as the dc ri ved regress io n 

coeffi c ients o f Vw(m), Vw( R) and VW(R2) and the ir 

95% confidence interva ls (in a 5 variable regress io n 

equati on) were almos t equal in magnitude and sim ilar 

in sig n. In additi on, the stati s ti ca l sig ni f icance of 

leading equatio n was also s imil ar to Eq. (3). Such 

outcomes, the refore, enabled us to c lub these 

vari ables into o ne that have further reduced the 

number o f predic tors, implic it in a sta ti sti call y sound 

corre lation Eq . (3). Thi s equatio n is used to calcul ate 

the acti vity values o f a ll the data-po ints (Tables I and 

3). The same, li sted in Table I (fo r the tra ining set) , 

are in close agreement to the observed o nes. The 

li sted r-values in Table 4 sati sfy the orthogonality 

requirement among the predictor variables of Eq . (3 ). 

In addition, the plo t between observed and predi cted -

10gICso values is al so g iven in Fig . 2 to show a better 

impress io n of the goodness of fit and the sys tematic 

vari atio ns in the present congeneric seri es. From 

Eq. (3), it appears that the vary ing sites (i.e., m, R, R I 

and R2 ) of the present series are all engaged in ste ri c 

interactio ns. The substituents at m, R and Rc 

co mbined , hav ing lower molecul ar bul k and that of at 

R I hav ing hi gher mo lecul ar bulk , are advantageous to 

improve the inhibiti on potency o f a compound . 

8~-------------------------------' 

t 
7.5 

7 
<:> 
on 
U 

~ 6.5 
12 

"'j 

'0 6 8 
513 ~ 17 • .... 

Col • .... 
;a 
~ 5.5 26 2 • ~ 25 i. 3 9 

I 5 
22 6 

20 21 

4.5 +-----r--.-----r----,r----,-----r----i 

4.5 5 5.5 6 6.5 7 7.5 8 

- Observed -logIC SO -. 

Fig. 2-Plot of observed - logJC50 l'e r SIIS pred icted - loglC5o values 
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Tahlc 4 - The inlcrcorrclali on matri x among lhc prcdi ctor 

variables or Eg. (3 ) 

!-IA(I\) EV\I' VII '(R I ) 

!-II I (R ) 1.(lOU 0 .07 1 0.2 19 

~ T\\' 1.000 0 .027 

I'II'(R I ) 1.000 

Likewise. the hyd rogen bond acceptor property of R

suhs tiluents. if present. leads to deCl'ease it. These 

findings may. therefore. be hel pfu l in the selec ti on of 

the subst ituents to be incorporated at the varying si tes 

of a mo lecu le lead ing to the sy nthes is of better 

pOlency compounds. 

From both the approaches. the foll ow in g 

conclusions may now be drawn : (i), a small size 

spacer group such as -(CH2)IIlCON H-. INhere m = I. 

present between pyridinyl and indolyl rings is helpful 

in rai sing the activi ty of a compound. The Fujita-Ban 

study. in conrormity with thi s. assigned hi gher 

substituti onal con tributi on to thi s variati on: (ii ), the 

l e~s bulky substi tuents both at Rand R2 arc also 

cs<,cntia l ror incremental efrect to the ac ti vity. But , if 

the substituent at R also possesses a hydrogen bond 

acceptor property in add iti on then it may furth er acid 

to the detrimental effect. The contributions obtai ned 

for the substituen ts of R- and Rc- positions arc: all 

negati "e. Thi s corroborates to the demand of the 

sma ller substi tuents at these pos iti ons. But, if the 

~ub titu e nt is sma ll in size and also possesses hydrogen 

bond acceptor property then its con tribution to 

acti vity . is fou nd to be lowered further. For example. 

- OCH1 is hydroge n bond acceptor and small er in size 

compare to ipr. It has the contribution eq ual to -

1.599 whi le ipr has slightly higher contribution equal 

to - 1.459 (Table 2); (iii ), th e substituent, 4-FB n at R, 

having a hi gher pos iti ve subst ituent contri bution 

relative to Bn, enhances the acti vity of a com pou nd. 

The same is al so refl ected by the pos iti ve regress ion 

coe ffi cient assoc iated wi th the variab le V\\ ·( R I) in 

Eq. (3). 

In conclusion. the two analyses in the present study 

provide the ground fo r rati onaliLing the substituent 

selec ti on in des ignin g more potent compounds of the 

. enes. 
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