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Weighted path numbers are used to build QSAR models for predict-
ing inhibition of microsomal p-hydroxylation of aniline by aliphatic
alcohols. Models with two, three and four weighted path numbers
are considered. Fit and cross-validated statistical parameters are
used to measure the model quality. The best statistical parameters
possess models with four weighted path numbers. Comparison with
models from the literature favors models based on the weighted path
numbers.
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INTRODUCTION

In this paper we report the QSAR1 modeling of the inhibitory effects
(1/I50) of 19 aliphatic alcohols on microsomal p-hydroxylation of anilines us-
ing the recently proposed molecular descriptors named the weighted path
numbers.2–4 We have been interested in the physicochemical and biological
properties of alcohols for some time because they are toxic materials and
thus are, among other things, also dangerous environmental pollutants.
Our previous studies were centered on the various aspects of the aqueous
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solubility of aliphatic alcohols5–7 because the toxic action of alcohols on
higher organisms, presumably through the phenomenom of narcosis,8,9 de-
pends on their solubility in water. Alcohols are also technologically impor-
tant materials and are used in the manufacture of a number of products.
Several of the QSAR models that we used to predict the aqueous solubility
of aliphatic alcohols were based on the weighted path numbers.10 These
models possessed better statistical characteristics than any other model re-
ported in the literature. Randi} and Basak2,4 also found that the struc-
ture-boiling point models of aliphatic alcohols based on the weighted path
numbers are superior to models based on other kinds of molecular
descriptors. Since the use of the weighted path numbers in the struc-
ture-property modeling of alcohols was fairly successful, we decided to use
these descriptors in the structure-activity modeling of alcohols, employing
the biological data of Cohen and Mannering.11

WEIGHTED PATH NUMBERS

Aliphatic alcohols will be represented by weighted trees.12 As an exam-
ple, a weighted tree, wT, representing the hydrogen-depleted skeleton of
3-methyl-1-butanol is shown in Figure 1.

238 D. AMI] ET AL.

(i) 3-methyl-1-butanol

(ii) Labeled hydrogen-depleted weighted tree
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Figure 1. A labeled weighted tree, wT, representing the hydrogen-depleted skeleton
of 3-methyl-1-butanol. The black dot marks the position of oxygen and x stands for
the weight of C–O bond. Weights of C–C bonds are taken to be 1.



A path Pl (l is the length of the path) is a sequence of adjacent edges
which do not pass through the same vertex more than once.13 Note that P1
is equal to the number of edges in the graph. A weighted path contains
weighted edges. In the case of aliphatic alcohols, the weight of the edge rep-
resenting C–O bond is taken to be x, while the weights of edges representing
C–C bonds are all equal to 1 (see Figure 1). The count of paths and weighted
paths in the weighted tree wT, given in Figure 1, is illustrated in Table I.
The length of a path containing the edge with weight x is simply denoted
by x.

The weighted path numbers for 3-methyl-1-butanol are equal to the
sums of weighted paths over all vertices in a graph divided by 2, since each
vertex is counted twice. If we assume x = 1, then the count (P1 = 5, P2 = 5
P3 = 3, P4 = 2) represents paths in 2-methylpentane. If x is left undefined,
then it can be viewed as a variable to be adjusted from regression analysis
to obtain the smallest standard error of estimate for the regression consid-
ered. This is the idea underlying the use of variable (optimal) molecular
descriptors in the structure-property-activity modeling.2–4,14,15

RESULTS AND DISCUSSION

In Table II, we give the weighted path numbers and log values of experi-
mental values log(1/I50) for inhibition of microsomal cytochrome P450
p-hydroxylation of anilines by 19 aliphatic alcohols, taken from Cohen and
Mannering.11 The inhibitory effect of aliphatic alcohols on aniline
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TABLE I

The count of paths and weighted paths in a labeled weighted tree wT (see Figure 1),
representing the hydrogen-depleted skeleton of 3-methyl-1-butanol

Vertex P1 P2 P3 P4

1 1 + x 1 2

2 2 2 + x

3 3 1 x

4 1 2 1 x

5 1 2 1 x

6 x x x 2x

Weighted path numbers 4 + x 4 + x 2 + x 2x



p-hydroxylation was shown to occur at some stage beyond the reduction of
cytochrome P450. Experimental values in Ref. 11 are given with two deci-
mals, and therefore four decimals should be taken into account after loga-
rithmic transformation.

The set of weighted paths was truncated at l = 4, because paths P5, P6
and P7 are present only in a few of the alcohols studied. We considered mod-
els with two, three and four descriptors. To measure the model quality, we
used fit statistical parameters: the correlation coefficient (R) and standard
error of estimate (S) and the corresponding leave-one-out cross-validated
parameters (Rcv, Scv). Standard errors of estimate between the experimental
and fitted (S) and leave-one-out cross-validated (Scv) values were calculated
using the number of compounds in the denominator, in the same way as it
was done in our earlier works.16,17 We searched for the optimum value of
weight x by varying it in the range 0.00–5.00, depending on the number of
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TABLE II

The weighted path numbers Pl (l = 1,2,...,7) and the observed inhibition
of microsomal p-hydroxylation of anilines log (1/I50) by aliphatic alcohols

Aliphatic alcohol P1 P2 P3 P4 P5 P6 P7 log (1/I50)

Ethanol 1 + x x –1.0969

1-Propanol 2 + x 1 + x x –0.4771

1-Butanol 3 + x 2 + x 1 + x x –0.0453

1-Pentanol 4 + x 3 + x 2 + x 1 + x x 0.2676

1-Hexanol 5 + x 4 + x 3 + x 2 + x 1 + x x 0.5376

1-Heptanol 6 + x 5 + x 4 + x 3 + x 2 + x 1 + x x 0.6778

2-Methyl-1-propanol 3 + x 3 + x 2 + x –0.3874

2-Methyl-1-butanol 4 + x 4 + x 2 + 2x x –0.1461

3-Methyl-1-butanol 4 + x 4 + x 2 + x 2x –0.1931

2,2-Dimethyl-1-propanol 4 + x 6 + x 3x –0.6702

2-Propanol 2 + x 1 + 2x –0.4713

2-Butanol 3 + x 2 + 2x 1 + x –0.3483

2-Pentanol 4 + x 3 + 2x 2 + x 1 + x –0.0719

2-Hexanol 5 + x 4 + 2x 3 + x 2 + x 1 + x 0.1484

2-Heptanol 6 + x 5 + 2x 4 + x 3 + x 2 + x 1 + x 0.2518

3-Pentanol 4 + x 3 + 2x 2 + 2x 1 –0.3655

3-Hexanol 5 + x 4 + 2x 3 + 2x 2 + x –0.4698

2-Methyl-3-pentanol 5 + x 5 + 2x 3 + 3x 2 –0.8910

2,4-Dimethyl-3-pentanol 6 + x 7 + 2x 4 + 4x 4 –1.3784



descriptors used in the modeling. The standard error of estimate S and
leave-one-out cross-validated error of estimate Scv were used as criteria for
the selection of the optimum value of x.

Best Models with Two Descriptors

Six models with two descriptors are possible out of the set of four
descriptors. For each value of x from the range 0.00–5.00, all the best
2-descriptor models were always based on P1 and P3 weighted paths. In Ta-
ble III, we give the standard errors of estimate S and leave-one-out cross-
validated errors of estimate Scv for various values of x.

It follows from Table III that the minimum value of S is obtained at x =
2.00, while Scv reaches minimum at x = 1.70. Below, we explicitly give mod-
els for x = 1.70, 1.80, 1.90 and 2.00:

INHIBITION OF MICROSOMAL p-HYDROXYLATION OF ANILINE 241

TABLE III

The change of the standard error of estimate S and leave-one-out cross-validated
error of estimate Scv for various values of x when the weighted P1 and P3 paths

are used as descriptors. We varied x from 0.00 to 5.00, but only the results in the
limited range from 1.20 to 2.30 are given. The minimum values of S and Scv are

denoted by asterisks.

x S Scv

1.20 0.2667 0.3346

1.30 0.2608 0.3286

1.40 0.2566 0.3249

1.50 0.2536 0.3226

1.60 0.2516 0.3215

1.70 0.2504 *0.3210

1.80 0.2496 0.3211

1.90 0.2493 0.3216

2.00 *0.2492 0.3223

2.05 0.2493 0.3228

2.10 0.2494 0.3232

2.15 0.2495 0.3237

2.20 0.2497 0.3242

2.25 0.2499 0.3248

2.30 0.2501 0.3253



(i) x = 1.70

log(1/I50) = –2.389 (�0.341) + 0.620 (�0.088) P1 – 0.321 (�0.048) P3 (1)

N = 19 R = 0.874 Rcv = 0.785 S = 0.2504 Scv = 0.3210

(ii) x = 1.80

log(1/I50) = –2.395 (�0.343) + 0.605 (�0.085) P1 – 0.303 (�0.045) P3 (2)

N = 19 R = 0.874 Rcv = 0.785 S = 0.2496 Scv = 0.3211

(iii) x = 1.90

log(1/I50) = –2.403 (�0.346) + 0.590 (�0.083) P1 – 0.287 (�0.043) P3 (3)

N = 19 R = 0.875 Rcv = 0.784 S = 0.2493 Scv = 0.3216

(iv) x = 2.00

log(1/I50) = –2.412 (�0.349) + 0.577 (�0.082) P1 – 0.274 (�0.041) P3 (4)

N = 19 R = 0.875 Rcv = 0.783 S = 0.2492 Scv = 0.3223

There is little difference between these four models. However, if R and S

are the criteria of model quality, then model (4) is preferred. On the other
hand, if Rcv and Scv are taken to be quality criteria, then model (1) is slighly
better than any of the other three models given above.

Best Models with Three Descriptors

Three models with three descriptors are possible out of the set of four
descriptors. For each x value from the range 0.00–5.00, the best models ob-
tained were based on P1, P2 and P3 weighted paths. In Table IV, we give the
standard errors of estimate S and leave-one-out cross-validated errors of es-
timate Scv for various values of x.
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It follows from Table IV that the minimum value of S is obtained at x =
1.30, while Scv reaches minimum at x = 1.10. Below, we explicitly give mod-
els for x = 1.10, 1.20 and 1.30:

(i) x = 1.10

log(1/I50) = –2.237 (�0.250) + 0.894 (�0.087) P1 –

0.287 (�0.065) P2 – 0.316 (�0.065) P3 (5)

N = 19 R = 0.936 Rcv = 0.880 S = 0.1809 Scv = 0.2457

(ii) x = 1.20

log(1/I50) = –2.235 (�0.250) + 0.863 (�0.083) P1 –

0.272 (�0.064) P2 – 0.296 (�0.060) P3 (6)

N = 19 R = 0.937 Rcv = 0.880 S = 0.1801 Scv = 0.2458
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TABLE IV

The change of the standard error of estimate S and leave-one-out cross-validated
error of estimate Scv for various values of x when the weighted P1, P2 and P3

paths are used as descriptors. We varied x from 0.00 to 5.00, only the results in
the limited range from 0.70 to 1.70 are given. The minimum values of S and Scv

are denoted by asterisks.

x S Scv

0.70 0.1986 0.2620
0.80 0.1911 0.2538
0.90 0.1860 0.2490
1.00 0.1827 0.2465
1.10 0.1809 *0.2457
1.20 0.1801 0.2458
1.30 *0.1800 0.2468
1.40 0.1804 0.2482
1.50 0.1812 0.2500
1.60 0.1822 0.2520
1.70 0.1834 0.2542



(iii) x = 1.30

log(1/I50) = –2.235 (�0.250) + 0.836 (�0.081) P1 –

0.258 (�0.064) P2 – 0.279 (�0.057) P3 (7)

N = 19 R = 0.937 Rcv = 0.879 S = 0.1800 Scv = 0.2468

There is little difference between these three models. However, if R and
S are the criteria of model quality, then model (7) is preferred. On the other
hand, if Rcv and Scv are taken to be quality criteria, then model (5) is slighly
better than any of the other three models given above. However, models
(5)–(7) possess better statistical parameters than models (1)–(4).

Best Model with Four Descriptors

In Table V, we give the standard error of estimate S and leave-one-out
cross-validated error of estimate Scv for various values of x.

It follows from Table V that the minimum value of S is obtained at x =
1.10, while Scv reaches minimum at x = 1.20. Below, we explicitly give both
models:
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TABLE V

The change of the standard error of estimate S and leave-one-out cross-validated
error of estimate Scv for various values of x when the weighted P1, P2, P3 and P4
paths are used as descriptors. We varied x from 0.00 to 5.00, but only the results
in the limited range from 0.70 to 1.70 are given. The minimum values of S and

Scv are denoted by asterisks.

x S Scv

0.70 0.1371 0.2054
0.80 0.1263 0.1952
0.90 0.1191 0.1864
1.00 0.1153 0.1797
1.10 *0.1143 0.1757
1.20 0.1156 *0.1749
1.30 0.1186 0.1768
1.40 0.1226 0.1811
1.50 0.1272 0.1870
1.60 0.1321 0.1940
1.70 0.1371 0.2014



(i) x = 1.10

log(1/I50) = –3.164 (�0.259) + 1.280 (�0.102) P1 –

0.412 (�0.050) P2 – 0.305 (�0.042) P3 – 0.257 (�0.056) P4 (8)

N = 19 R = 0.975 Rcv = 0.943 S = 0.1143 Scv = 0.1757

(ii) x = 1.20

log(1/I50) = –3.185 (�0.270) + 1.249 (�0.103) P1 –

0.389 (�0.050) P2 – 0.297 (�0.040) P3 – 0.245 (�0.055) P4 (9)

N = 19 R = 0.974 Rcv = 0.943 S = 0.1156 Scv = 0.1749

There is little difference between these two models and both models are
superior to all the other models reported above.

INHIBITION OF MICROSOMAL p-HYDROXYLATION OF ANILINE 245

Figure 2. Scatter plot between fit standard errors (S) and x values in the range 0.00–
4.00 for the models containing two (P1, P3 – filled circles; a), three (P1, P2, P3 – filled
squares; b), and four (P1, P2, P3, P4 – filled triangles; c) weighted paths as descriptors.



The Preferred Model

All the values of S and Scv parameters for the best models containing
two, three or four path numbers (descriptors) in the range of x between 0.00
and 4.00 are given in Figure 2 (for S) and Figure 3 (for Scv).

It is important to compare the S and Scv values of the two-, three- and
four-descriptor models for x = 1.00 (without optimization of x) with the S

and Scv values of the best models (having minimal S or Scv). One can see
that, in each case, all the best models are obtained for weighted paths calcu-
lated for x values between 1.10 and 2.00. In order to select the best one
among the models developed, we have to take into account experimental er-
rors of 17 experimental I50 values (Cohen and Mannering11 did not give ex-
perimental errors for 3-hexanol and 2-methyl-1-propanol). To do that, we
have to transform the calculated (fitted and cross-validated) log(1/I50) ob-
tained by the best models from Tables III–V from the logarithmic scale to
the linear scale. The lowest mean absolute error for 19 fitted values obtained
for the model containing four weighted paths P1, P2, P3, and P4 (calculated
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Figure 3. Scatter plot between cross-validated standard errors (Scv) and x values in
the range 0.00–4.00 for the models containing two (P1, P3 – circles; a), three (P1, P2,
P3 – squares; b), and four (P1, P2, P3, P4 – triangles; c) weighted paths as descriptors.



with x = 1.20) is 0.87, and it is comparable to the mean absolute error (0.66)
for 17 experimetal values given by Cohen and Mannering.11 Also, this model
has the lowest cross-validated mean absolute error.

From Figure 3 one can see that the two-descriptor models for the x-val-
ues in the range 0.00–4.00 are not stable (measured by cross-validated pa-
rameters Scv and Rcv), i.e. cross-validated parameters are far from the corre-
sponding fitted values.

In Figures 4 and 5 we give plots between the experimental and calcu-
lated values of log(1/I50) for fit and cross-validated models with four de-
scriptors.

Comparison with Models from the Literature

Cohen and Mannering11 generated three models:

(i) Linear model using the logarithm of the partition coefficient (log P):

log(1/I50) = 1.83 (�0.44) + 0.82 (�0.33) log P (10)

N = 17 R = 0.80 S = 0.53

(ii) Quadratic model with log P:

log(1/I50) = 1.75 (�0.38) + 1.50 (�0.62) log P – 0.36 (�0.29) (log P)2 (11)

N = 17 R = 0.98 S = 0.44

(iii) Multivariate model with log P and Taft’s steric substituent (Es):

log(1/I50) = 2.03 (�0.29) + 2.09 (�0.50) log P –

0.58 (�0.22) (log P)2 + 0.63(� 0.31) Es (12)

N = 17 R = 0.95 S = 0.29

Judging by the S values, our models are better than Cohen and Manner-
ing’s models, but their models were developed for a reduced set of 17 com-
pounds, and they also included methanol. For this reason, these models can
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Figure 4. Scatter plots between the experimental and calculated values of log(1/I50)
for fit (A) and cross-validated (B) models with four weighted path numbers.
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not be strictly compared to the models developed in this study. In addition,
statistical parameters of our models are superior to those produced by
Basak and Gute18 using the atom pair (the best model: R = 0.878; We do not
give S values given in Ref. 18 because these values were not correctly calcu-
lated) and Euclidean distance (the best model: R = 0.707) similarity ap-
proaches.

CONCLUDING REMARK

Among the available QSAR models for predicting inhibition of microsomal
p-hydroxylation of aniline by alipahtic alcohols, the models that are based
on the weighted path numbers possess very good statistical parameters.
Thus, the (modified) idea of Platt19 that path numbers might be useful mo-
lecular descriptors, suggested more than fifty years ago, is finally bearing
fruits.2–4,10,15,20
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SA@ETAK

Predvi|anje inhibicije mikrosomalne p-hidroksilacije anilina alifatskim
alkoholima: QSAR postupak temeljen na vaganim staznim brojevima

Dragan Ami}, Bono Lu~i}, Sonja Nikoli} i Nenad Trinajsti}

Upotrebljeni su vagani stazni brojevi za gradnju QSAR modela za pretkazivanje
inhibicije mikrosomske p-hidroksilacije anilina alifatskim alkoholima. Razmatrani
su modeli s dva, tri i ~etiri vagana stazna broja. Kvaliteta modela je odre|ivana po-
mo}u ugo|enih i unakrsno vrednovanih statisti~kih parametara. Najbolje statisti~ke
parametre posjeduju modeli s ~etiri vagana stazna broja. Usporedba s modelima iz
literature daje prednost modelima s vaganim staznim brojevima.
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