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Abstract 
 
 quantitative structure-activity relationship (QSAR) and molecular 
modeling study were performed on a series of 3,4-dihyro-1-
isoquinolinamines and thienopyridines reported by Beaton et al. 
[Beaton et al . (2001) Bioorg Med Chem Lett 11, 1023-1026, 1027-
1030] as potent, highly selective inhibitors of two isoforms of nitric 
oxide synthase (NOS) — neuronal NOS (nNOS) and endothelial NOS 
(eNOS), in order to find the physicochemical properties that governed 
their activity and the mode of interaction with the receptors, so that 
still more potent compounds in the series could be suggested. A 
multiple regression analysis revealed that nNOS and eNOS inhibition 
potency of these compounds could be controlled by their hydrophobic 
property and molar refractivity, respectively. Thus, nNOS and eNOS 
inhibition was indicated to involve the hydrophobic interaction and 
steric effects, respectively, suggesting some structural differences of 
the two isoforms of NOS. Based on the correlations obtained, some 
new, more potent compounds belonging to the series were predicted. 
These compounds were then docked into the receptors to see their 
interactions and find out the docking scores. The docked structures of 
two representative compounds, whose interaction energies with nNOS 
and eNOS, respectively were found to be the lowest, were given as an 
example to exhibit the possible orientation of the compounds to 
interact with the receptors.  
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1. Introduction  
Arginine is a biochemical precursor of nitric oxide (NO) , an important biological 
messenger molecule which is involved in many pathological and physiological 
processes within the mammalian body. The lower levels of NO production are found to 
protect the body organ, such as the liver from ischemic damage . The action of NO is 
based on its concentration in the body, e.g., the low concentration produces the key 
signaling molecule for vasodilatation and neurotransmission and the high 
concentration the defensive cytotoxin .NO may inhibit platelet adhesion, aggregation, 
agglutination and left ventricular dys function. It also regulates androgen biosynthesis, 
blood flow, seminiferous tubules contraction and germ cells metabolism (apoptosis in 
testis) . Its overproduction can cause some dysfunction of organs and lactate level, 
resulting in acute pulmonary toxicity, shortness of breath, hypoxemia, pulmonary 
edema and even death .Therefore, its overproduction is required to be checked. NO is a 
fundamental component in the fields of neuroscience, physiology, and immunology. Its 
half-life is estimated to be about 30 sec or less. A group of fluorescent dyes is used as 
an indicator in the measurement of its intracellular concentration, the most common 
indicator being the diaminofluorescein (DAF-2) .The production of NO from L-
arginine is catalyzed by the enzymes nitric oxide synthases (NOSs).These enzymes are 
homodimer and hemoprotein in nature; each monomer of an NOS may have the 
molecular mass in between 110 to 160 kD, depending upon the type of NOS. One 
monomer contains two ends — an xidase domain or amino-terminal end and a 
reductase domain or carboxy-terminal end . The NOSs are divided into the following 
three categories: neuronal NOS (nNOS), endothelial NOS (eNOS) and inducible NOS 
(iNOS), each having different functions and found in different places in the body. The 
action of both nNOS and eNOS is dependent on concentration. nNOS is found in the 
nervous tissues of central and peripheral nervous systems and is responsible for 
ommunication in cell, while eNOS is found in endothelial and blood cells and 
regulates vascular function. The action of iNOS is independent of Ca 2+ concentration 
and is found in the inducible cells and acts as immune defense systems .The NOS 
inhibitors inhibit the synthesis of NO from L-arginine to L-citrulline . The two binding 
sites (L-arginine and BH 4-binding sites) of NOS show the possibility of development 
of some NOS selective inhibitors. The importance of selective NOS inhibitors in the 
treatment of shock, asthma, migraine, tension and headache, many neurological 
disorders and inflammatory joint diseases has been recently reviewed . Some such 
common inhibitors include arginine analogues, such as Nω -monomethyl- L-arginine 
(L-NMMA), N ω-Nω dimethyl-L-arginine (L-ADMA) and L-canavanine 21 and some 
isothiourea derivatives, such as S-(2-aminoethyl)isothiourea . Compounds like 7-
nitroindazole and methoxyindazole are selective nNOS inhibitors . In order to 
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investigate more compounds with still better efficacy, we have attempted, in the 
present communication, QSAR and olecular modeling study on two series of NOS 
inhibitors recently reported by Beaton  
 
 
2. Materials and Methods  
A quantitative structure-activity relationship (QSAR) study was performed on a series 
of 3,4-dihyro-1-isoquinolinamine and thienopyridine derivatives (Table 1) recently 
reported by Beaton et al 25,26 as potent nNOS and eNOS inhibitors. Using QSAR 
equations thus obtained some more potent compounds were predicted for both the 
activities which were docked to see their interactions with the receptors for verifying 
the prediction. For QSAR analysis, a large number of physicochemical parameters, 
such as lipophilicity, molar refractivity, polarizability, dipole moment, refractive index, 
molar volume, molecular weight, Weiner index, molecular connectivity index etc. 
were calculated using Chem Office (2004) and Dragon softwares. The parameters 
relevant for this study are listed in Table 1 and these included calculated lipophilicity 
(ClogP) and calculated molar refractivity (CMR). In addition, some indicator variables 
that described the specific roles of some segment of the molecules were also used. A 
multiple regression analysis was applied to derive the correlations between the 
activities and physicochemical parameters and their internal and external validity was 
judged by their r2cv (square of cross-validated correlation coefficient) and r2 pred 
(square of correlation coefficient for test set compounds) values, which were calculated 
as: r2cv= 1 − [Σi(yi,obsd− yi,pred)2/(yi,obsd– yav,obsd)2] ...(1) r2 pred = 1 − 
[Σi(yi,obsd− yi,pred) 2/ Σi(yi ,obsd− yav ,obsd ) 2] ...(2) where yi, obsd in Eq.(1) and 
Eq.(2) refers to the observed activity of compound I in the training set and test set, 
respectively. In fact, the whole data set was divided in two subsets, training set and test 
set, where the training set was used to derive the model and the test set to test its 
validity. The yi,pred in Eq.(1) and (2) refers to the predicted activity of compound I in 
the training and test sets obtained by leave-one-out jackknife procedure and the QSAR 
model obtained, respectively. However, y av obsd in both the equations refers to the 
average activity of the training set compounds used to derive the model. For both 
nNOS and eNOS inhibition, compounds taken for test sets are shown in Table 1 in 
bold. The remaining compounds were meant for the training sets. In both the cases, 
compounds for test set were selected, keeping in view the structural variation and a 
wide variation in their activities.  
 
 
3. Results and Discussion  
When a multiple regression analysis was performed for both activities of training sets, 
highly significant correlations as shown by Eq.(3) and Eq.(4), respectively, were 
obtained. log(1/IC 50) = 2.376(±1.038)Clog P − 0.662(±0.231)(ClogP)2+ 
1.210(±0.465)I1− 0.518(±0.339)I2+ 4.066(±1.171) n = 21, r= 0.961, r 2 cv = 0.851, r2 
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ped = 0.666,s= 0.31, F (4,16) = 47.88(3.01), (ClogP) o = 1.79 ...(3) log (1/IC 50 ) = − 
0.337(±0.107)CMR + 0.543(±0.194)I1− 0.740(±0.215)I 

3 + 7.431(±0.661) n = 15, r = 0.989, r 2 cv = 0.951, r 2 ped = 0.786, s = 0.13, F (3, 
11) = 159.68(3.59) ...(4) In these equations, n is the number of data points, r is the 
correlation coefficient, R 2 cv is the square of the cross-validated correlation 
coefficient obtained from l eave-one-out (LOO) jackknife procedure, s is the standard 
deviation, F is the F-ratio between the variances of calculated and observed activities, 
and the data within the parentheses with ± sign are 95% confidence intervals. The 
figure within the parenthesis for F is the standard F -value at 99% level. Eq.(3) 
exhibited a significant dependence of the nNOS inhibition activity of the compounds 
on their hydrophobic property. However, Eq.(4) showed that their eNOS inhibition 
activity was controlled by their molar refractivity. A negative coefficient of CMR (a 
parameter that refers to the size of the molecule) in Eq.(4) suggested decrease in eNOS 
inhibition activity of compounds with an increase in their size. This is a kind of steric 
effect. The steric effect was also indicated in nNOS inhibition, since Eq.(3) exhibited a 
parabolic correlation of activity with ClogP, suggesting an optimum value (1.79) of 
ClogP for the increase in activity, beyond which the activity wil decrease with an 
increase in ClogP value. This is s imply steric effect. However, dependence of nNOS 
inhibition on ClogP suggested the hydrophobic interaction between the drug and 
receptor. Both Eqs.(3) and (4), however, had some indicator parameters. The former 
has I1 and I 2 and the latter I1 and I3 . In both the equations, I 1 was used with a value 
of unity for the compounds belonging to thionopyridine series (compounds 19-29), 
while I2 in Eq. (3) was used with a value of 1 for the compounds having a 6-membered 
aromatic ring at the position ortho to the ring nitrogen in both 3,4-dihyro-1-
isoquinolinamine and thionopyridine series. In Eq.(4), I 3 was used for the compounds 
containing any halogen at any position in these compounds. Thus, the positive 
coefficient of I 1 in both the equations indicated that the presence of a thiophene ring 
in the structure will be conducive to both nNOS and eNOS inhibition. The negative 
coefficient of I2 in Eq.(3) suggested that a 6-membered aromatic ring at the position 
ortho to the ring nitrogen in any series will not be conducive to nNOS inhibition. 
Similarly, the negative coefficient of I3 in Eq.(4) suggested that the presence of a 
halogen in the compound will not be conducive to eNOS inhibition. The favorable 
effect of thiophene ring for both nNOS and eNOS inhibition might be attributed to 
some electronic role of sulfur atom or of whole thiophene ring. The negative effect of 
6-membered aromatic ring in nNOS inhibition might be due to its steric effect and that 
of halogen in eNOS due to the presence of lone pairs of electrons over them that might 
face some repulsion from negatively charged site in the receptor. Thus, these equations 
suggested that compounds may have slight different mechanisms of nNOS and eNOS 
inhibition. While in the former, hydrophobic interaction might be more important, in 
the latter the steric effect might be crucial. This might be because of minor structural 
difference in the two isoforms of the enzyme. However, in the derivation of Eq.(3), 
compounds 25, 28 and 29 and in deriving Eq.(4), compounds 24, 26, and 29 were not 
included, as they exhibited an aberrant behavior, the reasons for which are not very 
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clear, but some explanation could be given. All these six compounds belonged to 
thionopyridine series and a close observation of their activities showed that if their 
thiono ring was unsubstituted, then an R2-substituent at their pyridine ring being a 
cyclopropyl or ethynyl group gave significantly improved activity for both nNOS and 
eNOS inhibition. Thus, compound having the highest activity for eNOS and nNOS 
inhibition, respectively, became outliers. As expected, compound 29 became the 
outlier in both the cases, because it was the only compound where the thiono ring was 
substituted with a methyl group, which drastically reduced its activity for both nNOS 
and eNOS inhibition. However, no convincing reasons could be given for the outlier 
behavior of compound 28 for nNOS inhibition and for compound 26 for eNOS 
inhibition. However, both Eqs (3) and (4) were found to have good predictive ability as 
could be seen in graphs drawn between the observed and predicted activities for both 
aNOS and nNOS inhibition. Using them, some new compounds belonging to the series 
and having higher potency were predicted . In both the tables, the predicted 
compounds had higher activity than the reported compounds for either activity. 
Compounds 24 and 25 might be treated as exceptions, as they were not the part of the 
equations. Their features may be additionally added to have still better compounds and 
tried. D ocking Molecular docking is a computational technique for exploration of the 
possible binding modes with a given enzyme or receptor to produce the optimal 
interactions 27 . To perform a docking, the first requirement is to have the 3D structure 
of the receptor or protein of interest which could have been determined by X-ray 
crystallography or NMR spectroscopy. This protein structure and a 3D database of 
potential ligands serve as input to a docking program. The success of a docking 
program depends on two components – search algorithm and scoring function We used 
Molegro Virtual Docker (MVD) for our docking study, since it has been found 
successful for flexible ligand docking, wherein the software makes use of differential 
evolution algorithm and its docking accuracy is 87%, much higher than other docking 
tools . The scoring function makes use of piecewise linear potential (PLP). The scoring 
function takes into account hydrogen bonding terms along with their directionality, 
ligand-protein interaction energy and intra-molecular interaction energy of the ligand. 
The structure of NOS Protein (PDB code: 3OS) was obtained from protein data bank 
(www.rcsb.com). Validation of docking For the present study, we selected the ligand 
L-arginine (PDB code: 3NOS). The X-ray crystallographic structure of 3NOS refined 
at 2.40 Å resolution was considered for the docking studies. In MVD tool, four 
algorithms are present: Mol score, Mol score (GRID), PLANTS score, PLANTS score 
(GRID). Mol Dock (GRID) with 0.30 Å resolution was used for docking. The 
following parameters — No. of runs = 10, population size = 50 and max iterations = 
1500 were selected. In each case, first the protein was prepared and then compound 
was docked. Docking results The docking was performed for each predicted compound 
of Tables 2 and 3 and the corresponding results were shown in the same tables. All the 
compounds which only differed in number of hydrogen bonds in Tables 2 and 3 were 
shown to have almost similar interaction energy and consequently similar activity. 
These compounds were found to have the best dock scores. Figures 3 and 4 illustrate 
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the orientations of the two compounds, compound 10 of Table 2 and compound 3 of 
Table 3, as an example, in which they could have maximum possible hydrogen-bond 
(H-bond) interactions. These compounds were those that had the lowest interaction 
energy with nNOS and eNOS, respectively. Figure 3 shows that only a 6-NH 2 group 
of compound 10 of Table 2 was involved in H-bond interactions with nNOS, where its 
nitrogen was bonded to 3 amino acid residues as indicated in the table. On the other 
hand, Figure 4 exhibited that both NH 2 groups present in compound were involved in 
H-bonding with eNOS, where its 6-NH 2was bonded to only one amino acid residue 
and 10-NH 2 to 3 amino acid residues as mentioned . In conclusion, the study showed 
that in the present series of 3,4-dihydro-1-isoquinolinamines and thienopyridines, the 
hydrophobic and molecular size of the compounds were important for their nNOS and 
eNOS inhibition activity, respectively. However, in the inhibition of both nNOS and 
eNOS, the thionopyridine series played a better role than soquinolinamine series, 
which might be because of a n electronic role either of sulfur atom or of whole 
thiophene ring. Whatsoever, a negative effect had been shown in nNOS inhibition of 6-
memebred aromatic ring present at position ortho to the ring nitrogen in either series. 
Similarly, a negative effect had been indicated in eNOS inhibition of the presence of a 
halogen atom in these compounds. Thus, these compounds appeared to have different 
mechanism of inhibition of nNOS and eNOS, which might be attributed to a slight 
structural difference in the two isoforms of NOS. 
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