
Diabetes mellitus has become pandemic and according to
report, including a forecast by the World Health Organiza-
tions, there will be a sharp increase in the total number of
cases by 2030, especially in the two most populous countries,
China and India.1,2) In fact, India could be bracing itself for
the dubious distinction of becoming the diabetes capital of
the world. This is an ominous forecast, because managing the
long-term complication of diabetes, which includes nephropa-
thy, neuropathy, retinopathy and cardiovascular complica-
tions, will have a serious impact on public health budgets.3)

The polyol pathway plays an important role in the develop-
ment of degenerative complications of diabetes. The associa-
tion between hyperglycemia and the development of long-
term diabetic complications such as neuropathy, retinopathy
and cataract is well documented.4) Aldose reductase (alditol/
NADP� oxidoreductase, E.C.1.1.1.21, ALR2) is the first en-
zyme of the polyol pathway, which reduces excess D-glucose
into D-sorbitol with concomitant conversion of NADPH to
NADP�.5—8) Aldose reductase inhibitors (ARIs) therefore
offer the possibility of safely preventing or arresting the pro-
gression of long-term diabetic complications, with no risk of
hyperglycemia.

Designing potent ARIs for inhibiting the ALR2 activity
has been the target for many researchers. Both experimental
studies and computer simulation have been carried out to
find potent ARIs.9—21) However, compounds that have been
identified as potent ARIs in both vitro and vivo are few. All
these found ARIs can be classified into several types such as
flavonoids, spirohydantoins, substituted acetic acid and
phenylsulfonylnitromethane derivations.

In our recent publication,22) we have reported the QSAR
analysis of 2,4-dioxo-5-(naphthylmethylene)-3-thiazo-
lidineaceticacids and 2-thioxo analogues as aldose reductase
inhibitors. Owing to our special interest in thiazolidine deriv-
atives for the management of diabetes mellitus and in contin-
uation with our previous work, we attempted to rationalize
the title compound in terms of physicochemical and struc-

tural requirements. In present study, we have performed
QSAR analysis of 5-[[2-(w-carboxyalkoxy)aryl]methylene]-
4-oxo-2-thioxothiazolidine derivatives23) that combines Fu-
jita–Ban24) and Hansch approach25,26) to design potent ARIs.
Fujita–Ban approach is applied to determine the de novo
contribution of substituents to the activity of the molecules.
The series is subsequently subjected for Hansch approach. A
quantitative model has been proposed for describing the fac-
tors influencing the affinity of the drug molecules towards
the enzyme. These results could serve as a guideline in de-
sign of more potent and selective aldose reductase inhibitors.

Experimental
The aldose reductase inhibitory activity data of 5-[[2-(w-carboxyalkoxy)-

aryl]methylene]-4-oxo-2-thioxothiazolidine derivatives were taken from the
reported work of Murata et al.23) (Figs. 1, 2 and Tables 1, 2). The biological
activity data (IC50 in nM) was converted to negative logarithmic mole dose
(pIC50) to reduce skewness of data set. Initially series was subjected to Fu-
jita–Ban approach24) using regression analysis in order to estimate the de

72 Vol. 55, No. 1Chem. Pharm. Bull. 55(1) 72—75 (2007)

Exploring Structural Feature of Aldose-Reductase Inhibition 
by 5-[[2-(ww-Carboxyalkoxy)aryl]methylene]-4-oxo-2-thioxothiazolidine
Derivatives Employing Fujita–Ban and Hansch Approach

Love Kumar SONI* and Satish Gopalrao KASKHEDIKAR

Molecular Modelling Study Group, CADD Laboratory, Computational Chemistry Research, Department of Pharmacy, Shri
G.S. Institute of Technology & Science; 23 Park Road, Indore 452 003, India.
Received August 5, 2006; accepted October 13, 2006

Designing of a highly selective, potent and safe inhibitor of aldose reductase (ALR) capable of potentially
blocking the excess glucose flux through the polyol pathway that prevails under diabetic condition has been a
long standing challenge. In our study, we did quantitative structure–activity relationship (QSAR) analysis, based
on Fujita–Ban and classical Hansch approach, on 5-[[2-(ww-carboxyalkoxy)aryl]methylene]-4-oxo-2-thioxothiazo-
lidine derivatives. Study gave structural insight into the binding mode of the molecules to the aldose reductase
enzyme. The Fujita–Ban approach revealed that benzylidene thiazolidine nucleus is more potent as compare to
naphthyl-methylene thiazolidine analogs. The bulkierness of naphthyl-methylene might be inquisitive with recep-
tor. Hansch approach suggested that electron-withdrawing groups are conducive to aldose reductase inhibitory
activity.

Key words aldose reductase; QSAR; Fujita–Ban analysis; Hansch analysis; 5-[[2-(w-carboxyalkoxy)aryl]methylene]-4-oxo-
2-thioxothiazolidine derivative

© 2007 Pharmaceutical Society of Japan∗ To whom correspondence should be addressed. e-mail: lovesoni@hotmail.com

Fig. 2. General Structure of 5-[(2-w-Carboxyalkoxy)naphthylmethylene]-
thiazolidine Derivatives Used for the Present Study

Fig. 1. General Structure of 5-(2-Carboxymethoxybenzylidine)thiazoli-
dine Derivatives Used for the Present Study



novo contribution of substituents to the activity of the molecules.
Hansch approach was carried out to establish correlations between ALR2

inhibitory activity and various substituent constants at position R and R1 of
molecule (Fig. 1). Values of the substituent constants like hydrophobic
(∑ p), steric (molar refractivity or MR), hydrogen acceptor (HA), hydrogen
donor (HD), electronic descriptor (field effect or �, resonance effect or �
and Hammett’s constant or s) and shape of each substituent (Verloop pa-
rameters L and B1—B3) were taken from the published literature.25—27) In
order to have a comparative study of 5-(2-carboxymethoxybenzylidine)thia-
zolidine derivatives an indicator variable IV was included to account for
structural variation due to presence and absence of substitution at position
R1. IV was given 1 for compounds bearing substitution at R1 position of thia-
zolidine ring and 0 for unsubstituted R1 position.

Stepwise multiple linear regression analysis method was used to perform
QSAR analysis employing in-house VALSTAT28) program. The data was
transferred to the statistical program in order to establish a correlation be-
tween physicochemical parameters as independent variables and aldose re-
ductase inhibitory activity as dependent variable. The best model was se-
lected from the various statistically significant equations on the basis of the
observed squared correlation coefficient (r2), the standard error of the esti-
mate (SE), sequential Fischer test (F), inter-correlation among parameter
(ICAP) and Chance statistics (evaluated as the ratio of the equivalent regres-

sion equations to the total number of randomized sets; a chance value of
0.001 corresponds to 0.1% chance of fortuitous correlation).

Results and Discussion
Two subsets of the series were subjected to Fujita–Ban ap-

proach in order to estimate the de novo contribution of sub-
stituents to the activity of the molecules as

pIC50�6.686�0.907[Br]�0.790[Cl]�0.539[MeO]�0.463[Me]

�0.070 [CH2COOH]

n�12, r�0.871, r2�0.759, SE�0.322, F�3.786 (1)

Contributions of parameters to model are: [Br] : [Cl] :
[MeO] : [Me] : [CH2COOH]::[9.771] : [8.514] : [5.808] :
[6.650] : [1]

pIC50�6.440�0.766[Me]�1.056[N1]�1.022[N2]

n�6, r�0.842, r2�0.708, SE�0.691, F�1.621 (2)

Contributions of parameters to model are: 
[Me] : [N1] : [N2]::[1.124] : [1.033] : [1]
The subsets were combined to find out the significance of

benzylidine/naphthylmethylene ring system.

pIC50�7.055�0.906[Br]�0.789[Cl]�0.538[MeO]�0.049[Me]

�0.137[CH2COOH]�0.199[Ring]�0.361[N1]�1.023[N3]

n�18, r�0.812, r2�0.660, SE�0.538, F�2.183 (3)

Contributions of parameters to model are:
[Br] : [Cl] : [MeO] : [Me] : [CH2COOH] : [Ring] : [N1] : [N3]
::[7.953] : [9.232] : [4.726] : [1] : [1.608] : [6.993] : [14.785]
: [5.985]
The multivariant regression expression, Eq. 1, account for

more than 75.9% variance in activity with de novo contribu-
tion of substituents to the activity of the molecules. Here de-
scriptor [N1], [N2] and [N3] are the number of methylene
group present at n position of the naphthylmethylene ring.
[N1] when number of methylene group is 1, [N2] when num-
ber of methylene group is 2, [N3] when number of methylene
group is 3. The Fujita–Ban analysis of first subset of the se-
ries, suggested that electro-negative substituents at R position
i.e. Br and Cl group is crucial for activity. At R position,
these groups might be imparting for the electronic interaction
with the receptor. The less favorable effect of MeO may be
attributed to electron-releasing nature of it. Comparison of
subset of equations revealed that, benzylidine thiazolidine
derivatives might be having the optimum shape and size in
comparison to the naphthylmethylene thiazolidine derivatives
for the interaction with the receptor.

The combined model (Eq. 3) depicted that benzylidine
ring is favorable for the activity. De nova contribution of
groups also help in understanding of binding of ARI with al-
dose reductase by means of possible hydrogen bond interac-
tion in between acetate chain of thiazolidine and polar posi-
tive charge region of ALR active site and the hydrophobic in-
teraction of aromatic ring substitution and lipophilic pocket
of ALR. The calculated activity of the series employing Eqs.
1 and 3 has been shown in Table 3.

The series was subjected to stepwise multiple linear re-
gression analysis, in order to develop 2D-QSAR model be-
tween inhibitory activity of aldose reductase inhibitors as de-
pendent variable and different afore-mentioned substituent
constants as independent variables. All the regression coeffi-
cients were significant at 95% confidence interval. The repre-
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Table 1. Aldose Reductase Inhibitor Activity of 5-(2-Carboxymethoxy-
benzylidine)thiazolidine Derivatives

Compd.
Substituents

IC50 (nM) pIC50No.
R R1

1 H H 560 6.252
2 H CH3 27 7.569
3 H CH2COOH 170 6.770
4 Br H 17 7.770
5 Br CH3 16 7.796
6 Br CH2COOH 18 7.745
7 Cl H 29 7.538
8 Cl CH3 18 7.745
9 Cl CH2COOH 21 7.678

10 CH3O H 38 7.420
11 CH3O CH3 19 7.721
12 CH3O CH2COOH 86 7.066

Table 2. Aldose Reductase Inhibitor Activity of 5-[(2-w-Carboxy-
alkoxy)naphthylmethylene]thiazolidine Derivatives

Compd.
Substituents

IC50 (nM) pIC50No.
n R

13 1 H 33 7.481
14 2 H 11 7.959
15 3 H 1100 5.959
16 1 CH3 180 6.745
17 2 CH3 630 6.201
18 3 CH3 700 6.155



sentative QSAR model’s regression coefficients with perti-
nent statistical parameters are described below.

pIC50�6.867(�0.412)�2.000(�1.258)[�]

n�12, r�0.751, r2�0.564, SE�0.335, F�12.939 (4)

Equation 4 has moderate correlation coefficient (r�
0.751). The t-value (t�3.597) exceeds the critical value
(3.581), making the model more reliable. The value of Se-
quential Fischer test (F�12.939), which exceeds the tabu-
lated value (F1,10a0.01�12.8) explain the fitness of Model.
The positive contribution of �, field effect, reveled that elec-
tronegative substitution at benzylidene ring is essential for
the aldose reductase inhibitory activity.

pIC50�6.690(�0.505)�2.000(�1.232)[�]�0.266(�0.455)[IV]

n�12, r�0.798, r2�0.637, SE�0.322, F�7.907 (5)

The addition of second descriptor IV, Indicator Variable, in
Eq. 4 is statistically significant. Equation 5 accounts for more
than 63% variance in the aldose reductase inhibitory activity.
The Eq. 5 has high correlation coefficient (r�0.798) and low
standard error of the estimate (SE�0.322). The inter-correla-
tion among the parameters is also less (ICAP�0.000). The
correlation matrix for the parameter employed in Hansch ap-
proach has been shown in Table 4. The value of Sequential
Fischer test (F�7.907), which exceeds the tabulated value

(F2,09a0.05�5.71) explain the fitness of Model. The Eq. 5,
considered as model, is used for the internal predictivity of
the series (Table 5). Randomization test (chance�0.015) in
randomize biological activity data revealed that the result
were not based on chance correlation. The positive contribu-
tion of IV demonstrates the possible hydrophobic interaction
of substitution of the aromatic ring with the aldose reductase.
The positive coefficient of IV suggests that substitution at ni-
trogen atom of thiazolidine ring is conducive to aldose reduc-
tase inhibitory activity. The substituted analogues are more
active as compare to un-substituted thiazolidine analogues.

In conclusion, the present study provides important struc-
tural insight in the binding mode of the molecules to the al-
dose reductase enzyme. The Fujita–Ban approach revealed
that benzylidene thiazolidine nucleus is more potent as com-
pare to naphthyl-methylene thiazolidine analogs. The
bulkierness of naphthyl-methylene might be inquisitive with
receptor. Hansch approach suggested that electron-withdraw-
ing groups are conducive to aldose reductase inhibitory ac-
tivity.
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