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Abstract: - A model has been built linking the molecular structure of drugs with their antiemetic activity. It is 
shown that the bioactivity of drugs depends on the pseudopotential of the molecule, the information function of 
the molecule, and the geometric size of the substituents. The critical conditions for the emergence of effective 
antiemetic activity of molecules have been established. The optimal sizes of the substituents were determined, 
which correspond to the maximum bioactivity of the drugs. The mechanism of the threshold action of 
substituted benzamides was revealed. 
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1 Introduction 
The search for effective antiemetics is currently 
receiving much attention, since nausea and vomiting 
are among the most frequent and severe adverse 
reactions, for example, during radiation and 
chemotherapy of cancer patients [1]. The reaction of 
the body can be so significant that it forces you to 
interrupt or completely stop treatment [2]. Analysis 
of literature materials indicates that at present the 
most promising agents with antiemetic activity are 
compounds of a number of substituted benzamides, 
which do not give side effects and are well tolerated 
by patients [3,4]. In the article, a statistical study 
was undertaken of the relationship of such 
molecular factor-signs that make it possible to 
establish quantitative relationships between the 
structure of the molecule and its biological activity 
in the series of 4-substituted 5-nitro-2-methoxy-N- 
(2-diethylaminoethyl) benzamides (Fig. 1) [5]. In 
the investigated series of benzamides, effective 
modifications of biological activity were obtained 
by varying the substituent in the fourth position of 
the benzene ring (Table 1). The antiemetic activity 
(A) of the most effective drug dimetpromide used in 
clinical practice was conventionally assessed by ten 
points [6].  
 
 
 

2 Problem Formulation 
It is assumed [7] that the bioactivity of chemical 
compounds of a number of benzamides is 
essentially due to the distance between the 
substituent in the fourth position of the benzene ring 
(R4) and the cationic head N+(C2H5)2 (Fig. 1). The 
authors of this article also suggested that the value 
of this distance should have some optimal value. 

Studies of the electronic structure of molecules 
from Table 1 were carried out by the semi-empirical 
quantum chemical method MINDO/3 [8]. This 
method also makes it possible to obtain the optimal 
spatial geometry of the molecules. Calculations 
have shown that the conformation of molecules is 
slightly different from each other. As a result, the 
distance between the substituent R4 and the nitrogen 
atom for all compounds in Table 1 remains 
practically unchanged and fluctuates around the 
value of 9.20 Å. The slight difference that exists is 
mainly due to the difference in bond lengths C(4)–H 
и С(4)–R4.  

To interpret the changes in the bioactivity of the 
compounds upon variation of the R4 substituent, 
various electronic parameters of the molecules were 
tested. The following parameters were calculated: 
charges on atoms, energies of molecular orbitals, as 
well as the electronic sign Z associated with the 
pseudopotential of the molecule and the information 
function of the molecule H [9,10]. In addition, the 
steric parameters of the Verloop substituents were 
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used [11]. 
 

 
Figure 1. Structural formula of the molecule of 4-
substituted 5-nitro-2-methoxy-N- (2-diethylamino-
ethyl) benzamide. 

 
A.Verloop together with his colleagues, proposed a 
multiparametric approach to determining the spatial 
dimensions of substituents. The spatial dimensions 
of the substituent are characterized by five steric 
dimensions: L, B1, B2, B3, and B4 [11]. The L 
parameter turned out to be the most informative 
parameter. The value of the parameter L determines 
the linear size of the substituent along the chemical 
bond line. Parameters B1 and B2 determine the size 
of the substituent along the perpendicular to the L 
axis up to the assumed maxima of the substituent 
boundaries (left and right). Similarly, estimates are 
made for dimensions B3 and B4 (left and right) 
perpendicular to line L and line B1–B4. Table 1 also 
shows the melting points of benzamides. The 
verification did not give positive results on the 
relationship between the variability of the 
bioactivity of chemical compounds and the melting 
temperature Tmelt.  

It is known, the physiological effect of 
biologically active molecules is often determined by 
their spatial geometry, that is, the location and size 
of the atoms and groups of atoms included in the 
molecule. In this case, the interaction between the 
molecule of the biological object (receiver) and the 
drug (signal source) is very specific. As a result of 
"recognition" the biological object develops a 
specific reaction in the process of interaction.  
 
 
3 Problem Solution 
Let us check the presence of a trend for chemical 
compounds from Table 1 to determine the 
significance of the relationship between bioresponse 
and the explanatory variable L. To do this, we use 
the Abbe-Linnik test [12]: 
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   Q* = - (1 – q)∙[(2N + 1)/(2 – (1 – q)2)]0.5 = - 28.66 
 
 < u0.05 = - 1.645.                                                    (1) 
 

Here N = 15. The arithmetic mean value: Lav = 4.69 
(in arbitrary units); up/2 is the quantile of the normal 
distribution at p = 0.10. Since q < qcr the null 
hypothesis of series homogeneity should be rejected 
at a confidence level of 95%. Consequently, a 
number of Li values cannot be recognized as 
random. Additional statistical information on the 
linearity of the relationship between the bioactivity 
Aexp and the value of the molecular parameter L for 
chemical compounds can be obtained by compiling 
a variation series from grouped subsets of the 
sample. Let us check whether the relationship is 
linear between the experimentally determined 
activity of molecules Aexp and the value of the 
molecular parameter L. The ranked series of 
chemical compounds was divided into three equal 
groups in accordance with the Sturges ratio n ≈ 1 + 
3.32lg(N)  [13]. As a result, the following sequence 
of parameter values jiLAb , was obtained (here i and 
j are group numbers): 
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The values of the parameters bLA,i-j should not 

differ significantly for a linear relationship. 
However, it is obvious from the sequence (2) that 
the parameters bLA,i-j differ significantly. Therefore, 
the relationship for a group of chemical compounds 
(Nos. 1–9) is most likely to be non-linear. Let us 
also compare the mean values for two samples Nos. 
1–9 (first group) and Nos. 10–15 (second group). 
Let's first compare the sample variances for f1 and f2 
degrees of freedom. The Fisher distribution is used 
as a significance criterion: 

2
2

2
1 / AA SSF   = 26.9 >  

82.4)1;1( 2211
cr
05.0  NfNfF .       (3) 

 
That is, the sample variances for bioactivities differ 
significantly at the 95% confidence level.
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Table 1. 

 

№ 

 
Substituent  R4 

 

Tmelt., 
оC [6] 

 

L*) 
 

 

Z*)  
 

 

H, 

bits 

Aexp. 

[6] 
Amod.1

 

Eq.(20) 
Amod.2 

Eq.(32) 
points 

1 N(CH3)2 175-176 3.53 2.68 1.60 10.0 8.8 - 
2 NH2 178-179 2.93 2.77 1.66 9.0 9.2 - 
3 NO2 176-177 3.44 3.00 1.75 9.0 8.9 - 
4 NHCH3 206-207 3.53 2.72 1.63 8.5 8.8 - 
5 H 206-207 2.06 2.76 1.62 8.5 8.6 - 
6 I 191-192 4.23 2.91 1.76 7.5 7.7 - 
7 N(C2H5)2 148-149 4.50 2.61 1.55 6.0 7.1 - 
8 NHC2H5 208-209 4.96 2.68 1.60 6.0 5.7 - 
9 NH(CH2)2C 172-173 4.96 2.80 1.72 6.0 5.7 - 
10 NHCH2CH=CH2 188-189 5.11 2.71 1.60 1.0 -  0.8 
11 NH(CH2)7CH3 202-203 6.50 2.50 1.48 0.5 -  0.2 

12 N 

 

 167-168 5.50 

 

2.67 1.58 0.5 -  0.6 

13  
N                 O  
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2.59 

 
1.51 
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- 
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15 N                N  CH3 

 

 208-209 6.15 2.64 1.58 0.2 -  0.35 

                          *) In arbitrary units. 

 
   
 
Consequently, the samples belong to different 
general populations. In this case, for a quantitative 
comparison of the average values of bioactivities, 
one can use the inequality [14]: 
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Here N1 = 9, N2 = 6; 257.0/ 1
2
11  NSAv , 

014.0/ 2
2

22  NSAv . Inequality (4) rejects the null 
hypothesis of equality of means. Consequently, the 
difference between the bioactivities of the first and 
second groups of drugs is significant (not a 
coincidence). 

The data of Table 1, which presents a series of 

compounds ranked by the L (sorted from lowest 
value to highest value), indicate the following. First, 
there is a trend in the activity of chemical 
compounds (1). Second, there is a threshold for the 
activity of chemical compounds, which depends on 
the linear size L of the substituent. We will use 
Cochran's criterion to statistically evaluate the 
significance of the existence of a threshold [12, 15]. 
Consider the following series of bioactivities (n = 
7), ranked in order from lowest value to highest 
value: 
 
Ai:    0.2; 0.2; 0.5; 0.5; 0.5; 1.0; 6.0 (points),  
i = 1,2,…,7.                                                            (5)   
 
The following average values of groups of 
consecutive m and n - m elements were calculated, 
respectively: 
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y2

(1) =  (A1 + A2)/2 = 0.2,                                 m = 2;     
y2

(2)  = (A3 + A4 + …+ A7)/5 = 1.70,  
y3

(1) = (A1 + A2 + A3)/3 =  0.3,                         m = 3;   
y3

(2)  = (A4 + A5 + A6 + A7)/4 = 2.00, 
y4

(1) = (A1 + A2 + A3 + A4)/4 = 0.35,                m = 4;     
y4

(2) = (A5 + A6 + A7)/3 = 2.50, 
y5

(1) = (A1 + A2 + A3 + A4 + A5)/5 = 0.38,   m = 5;    
y5

(2) = (A6 + A7)/2 = 3.50.                                        (6) 
 
Using the mean values (6), the values were 
calculated 2

m : 
av2)2()1(2 //))(( Anyymnт mmm  ,   

Aav =  


n

i
i nA

1
/  = 1.27,                                            (7) 

2
2 2.53,   2

3 3.90,   2
4 6.24,   2

5 10.95. 
(8) 

If the value of 2
m  is significantly greater than the 

tabular value of )1(cr,2
05.0 f =3.841, then the 

change in the average value by a jump is considered 
significant at the 95% confidence level. From Eq.(8) 
it follows that after i = 6 Cochran's criterion 
indicates the presence of a jump in the average value 
of bioactivity (drug 10 in Table 1). This result does 
not contradict inequality (4). The region of the jump 
in bioactivity corresponds to the linear size of the 
substituent Lthr ≈ 5 in arbitrary units. You can also 
additionally use the following test [15]: 
 
χ2 = (N1∙N2/N)∙(A1

av – A2
av)2/Aav = 39.74  >  

)1(cr,2
05.0 f = 3.841.                                            (9)  

 
Here, the average values of the observed antiemetic 
activity are used for bioactive (N1 = 9) compounds 
A1

av = 7.833 (points), for weakly active (N2 = 6) 
compounds A2

av = 0.4833 (points), respectively, as 
well as the total (N = 15) average Aav = 4.893 (in 
points). Since χ2 >> χ2,cr, it is necessary to accept the 
hypothesis of the presence of a jump (or threshold) 
in the biological activity of chemical compounds. 

The stability (uniformity) of the tendency of the 
ranked series can also be checked using the Chow 
test [16]: 
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)22,1( 21
cr
05.0  mNfmfF  = 3.98.       (10) 

 
Here N1 = 9 and N2 = 6 are the sizes of the sample 
populations; Σ1 = 17.21 and Σ2 = 0.36 are the 

residual sums of the squares of the regressions; m = 
1 is the number of explanatory variables; N = N1 + 
N2 is the total sample; Σ0 = 143.28. It follows from 
inequality (10) that the structures of the two 
subsamples differ significantly and the null 
hypothesis of the homogeneity of the two 
subsamples is rejected. Therefore, it is not 
recommended to combine them into one sample. 
That is, each subsample should be considered 
separately, since there is a structural jump or break 
in the trend.  

We also performed a statistical comparison of 
partial samples Nos. 1–9 and Nos. 10–15 for the 
bioactivity Aexp and the molecular parameter L of the 
substituent. Sample statistics (Nos. 1–9) will be as 
follows: 
 
N1 = 9, av

1A = 7.83 ± 0.51; 95% confidence interval 

is (0.134 - 0.165);  min
1A  = 6.0,  max

1A = 10,    SA1 = 
1.52; Grubbs-Romanovsky homogeneity criterion:  
τmin   =   1.20  <  τmax  = 1.43 <  )9(cr,2

05.0 f  = 2.237 

< )9(cr,1
05.0 f = 2.392; Wilk-Shapiro normality test: 

W = 0.872 > )9(cr
05.0W  = 0.829, David-Hartley-

Pearson normality test: )(1 1
cr

05.0 NU = 2.59  <   U = 

[( max
1A – 

min
1A )/SA1] = 2.63 < )(2 1

cr
05.0 NU

 
 = 3.552; 

 
set statistics of L1:  
 
N1 = 9, av

1L  =3.79 ± 0.32; 95% confidence interval 

is: 3.05 - 4.53;  min
1L  = 2.06,  max

1L = 4.96, SL1 = 

0.96, τmax  = 1.22 < τmin =   1.80   <  )9(cr,2
05.0 f  = 

2.237 < )9(cr,1
05.0 f = 2.392; Wilk-Shapiro 

normality test:  W = 0.940 > )9(cr
05.0W  = 0.829, 

David-Hartley-Pearson normality test: )(1 1
cr

05.0 NU = 

2.59  < U = [( max
1L – min

1L )/SL1] = 3.01 < 

)(2 1
cr

05.0 NU
 
 = 3.552;                                        (11) 

 
set statistics of Aэксп2 (Nos. 10–15):  
 
N2 = 6, av

2A  = 0.48 ± 0.12; 95% confidence interval 

is: 0.134 – 0.165; min
2A  = 0.20, max

2A = 1.00,  SA2 = 

0.293, τmin  =   0.96   <  τmax  = 1.77 <  )6(cr,2
05.0 f  

= 1.996 < )6(cr,1
05.0 f = 2.184; Wilk-Shapiro 

normality test:  W = 0.836 > )6(cr
05.0W  = 0.788, 
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David-Hartley-Pearson normality test: )(1 2
cr

05.0 NU = 

2.200  < U = [( max
2A – 

min
2A )/SA2] = 2.73 < 

)(2 2
cr

05.0 NU
 
 = 3.012;                                         

 
set statistics of L2 (Nos.10 – 15):  
 
N2 = 6, av

2L  = 5.89 ± 0.20; 95% confidence interval 

is: 5.37 – 6.41;  min
2L  = 5.11, max

2L = 6.5, SL2 = 0.5,   

τmax  = 1.22 < τmin   =   1.56   <  )6(cr,2
05.0 f  = 1.996 

< )6(cr,1
05.0 f = 2.184; Wilk-Shapiro normality test: 

W = 0.937 > )6(cr
05.0W  = 0.778, David-Hartley-

Pearson normality test:  )(1 2
cr

05.0 NU = 2.200   <  U    

=   [( max
2L – 

min
2L )/SL2] = 2.78 < )(2 2

cr
05.0 NU

 
 = 

3.012.                                                                   (12) 
 
Thus, samples (11) and (12) are homogeneous and 
normally distributed. Now let us compare the 
variances of  samples for the molecular parameter L: 

2
2

2
1 / LL SSF   = 3.69 < 

 82.4)1;1( 2211
cr
05.0  NfNfF .       (13) 

It follows from inequality (13) that the difference 
between the variances of the samples turns out to be 
insignificant. Therefore, to assess the significance of 
the difference in mean values, one can use the 
following inequality [17]: 
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Here the number of degrees of freedom is f = N1 + 
N2 – 2.  Inequality (14) indicates that the mean 
values of the samples differ significantly. Hence, the 
discrepancy between the samples is not accidental. 
Therefore, the idea of the threshold of action of 
drugs does not deviate. 

Let us find out what is the possible non-linear 
relationship between the resulting indicator and the 
explanatory variable. For example, nonlinear 
dependence can be approximated by a polynomial. 
Let's find out what degree the polynomial is 
preferable to use. The essence of the method for 
determining the degree of a polynomial is the 
sequential calculation of the differences. For a 
ranked series, the first, second, third, etc. level 

differences are calculated [18, 19].  

1expexp
)1( )()(  NNN AA ,    )1(

1
)1()2(

 NNN ,     
)2(

1
)2()3(

 NNN  , ….              (15) 

The calculation of these differences continues until 
the differences become approximately close in 
magnitude. Table 2 shows the calculated level 
differences for the first group of molecules Nos. 1–
9. If the assumed dependence is linear, then the 
differences for equally spaced neighboring values 
should be the same. The order of the polynomial is 
determined by comparing the residual differences. 
For the second level, the increments have 
approximately close values (Table 2). It is generally 
accepted that in this case the order determines the 
degree of the polynomial. Thus, the given empirical 
series can be approximated by a polynomial of the 
second degree. For empirical series, a strict 
coincidence of the values of all increments in any 
order is quite rare. Additional information on the 
possible analytical form of the relationship between 
bioactivity and an explanatory attribute can be 
obtained if the regression residuals are checked for 
linear regression (first group: Nos. 1–9). The 
residuals of linear regression were analyzed:  

Amod1(L)  = b0,+ b1∙L,                    (16) 

N = 9, correlation coefficient: R = - 0.78 ± 0.24, |R| 
> )7(cr

05.0 fR  = 0.666, corrected correlation 
coefficient: |R*| = |R|∙[1 + 0.5∙(1 – R2)/(N – 3)] = 
0.805 (for N < 20); sample size sufficient for the 
validity of the correlation coefficient: min

05.0N = 6; 
RMSE = 1.1355; b0 = 12.94 ± 1.63, b1 = -1.37 ± 
0.42,  |t(b0)| = 7.96 > |t(b1)| = 3.30 > )7(cr

05.0 ft = 
2.365; significance of the coefficient of 
determination: F = 10.86> )7;1( 21

cr
05.0  ffF

  
=  

5.59; Σ1 = 9.0263; AIC1 = 0.3756; SC1 = 0.4912, 
SS1 = 0.3755.                                              

Regression residuals are normally distributed: W 
= 0.978 > )9(cr

05.0 NW = 0.829.  AIC and SC are 
informational  criteria of quality for linear 
regression of Akaike (AIC) and Schwarz (SC) 
[20,21]: 

AIC = 2m/N  + ln(Σ/N),  
     

SC = (m + 1)ln(N)/N  + ln(Σ/N), 
 

SS = Σ0.5/(N – m).                     (17) 
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Here m is the number of explanatory variables; Σ is 
the sum of the squares of the regression residuals; N 
is number of observations. It also suggests using the 

SS relation, which is conjugated with the AIC and 
SC tests. 
         

 

Table 2. Calculation of residual differences )(i
N . 

N R4 L, 
arb. unit. 

Aexp, 
points 

∆(1) ∆(2)
 ∆(3)

 ∆(4) ∆(5) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

H 
NH2 
NO2 
N(CH3)2 
NHCH3 
I 
N(C2H5)2 
NHC2H5 
NH(CH2)2Cl 

2.06 
2.93 
3.44 
3.53 
3.53 
4.23 
4.50 
4.96 
4.96 

8.5 
9.0 
9.0 
10.0 
8.5 
7.5 
6.0 
6.0 
6.0 

- 
 0.5 
0 

 1.0 
-1.5 
-1.0 
-0.5 

0 
0 

- 
- 

-0.5 
1.0 

 -2.5 
 0.5 
 0.5 
 0.5 

0 

- 
- 
- 

 1.5 
-3.5 
 3.0 
 0 
 0 

-0.5 

- 
- 
- 
- 

-5.0 
 6.5 
-3.0 
 0 

-0.5 

- 
- 
- 
- 
- 

11.5 
-9.5 
3.0 

 -0.5 
 

 
For small sample sizes (N < 50), the significance 

of the correlation coefficient is also estimated using 
the Fisher normalizing z-transform (taking into 
account Hotelling's corrections) [15]): 
 

uH = z – (3z + R)/4/N = 0.985 >  
 

 z0.975(N – 1)-0.5 = 0.693, 
 

z = 0.5∙ln((1 + R)/(1 – R)).              (18) 
 

Here zα = 1.960 is the quantile of the normal 
distribution at the significance level α = 0.05. At the 
beginning of the studied series of compounds, the 
regression residuals (16) are positive, with a 
decreasing trend, and at the end of the series, they 
are negative with an increasing trend. This 
alternation of residues indicates that the relationship 
between bioactivity and factor L has the character of 
a non-linear relationship. We will use a second order 
polynomial to reveal the quantitative relationship 
(the first group of chemical compounds) of the 
structure of the molecule and the variation of its 
bioactivity: 

Amod1(L)  =  b0 + b1∙L + b2∙L2.            (19) 

Function (19) is linear with respect to the regression 
parameters and non-linear with respect to the 
explanatory variable L. Equation (19) can be 
linearized. To do this, it is enough to make the 
following replacement LL ≡ L2.  

The sets of the explanatory variables L and the 
resulting indicator A are homogeneous and satisfy 
the normal distribution (11). Thus, instead of 

nonlinear regression in the explanatory variable, we 
obtain a two-factor linear regression: 
 

Aмод.1(L) =  b0 + b1∙L + b2∙LL.               (20) 

The statistics of regression (20) are as follow: 

N = 9; multiple correlation coefficient: R = 0.92 > 
)2;6(cr

05.0  mR   = 0.795, R2 = 0.846, 2*R  = 
0.795;  RMSE = 0.693; b0 = 2.22 ± 3.45, b1 = 4.80 ± 
1.96,   b2 = - 0.83 ± 0.27;  |t(b2)| = 3.10 > t(b1) = 
2.45 > )6(cr

05.0 ft = 2.447; significance of the 
multiple determination coefficient: F =  16.26  > 

)1;( 21
cr
05.0  mNfmfF

  
=  5.14;  Σ2 = 2.8811; 

AIC2 = - 0.6946; SC2 = - 0.4066, SS2 = 0.2425. 

Here m = 2 is the number of explanatory variables. 
The regression residuals are normally distributed: W 
= 0.949 > )9(cr

05.0 NW = 0.829. Information tests by 
Akaike and Schwarz, as well as the SS ratio, 
indicate an improvement in the quality of regression 
(20) compared to regression (16). Regression 
coefficients b1 and b2 are statistically significantly 
different from zero. The following standardized 
values of the regression coefficients were obtained: 

 
32.3/ 11

*
1  AL SbSb ,       12.4/ 12

*
2  ALL SbSb .          

(21) 

Here, the standard deviations of the bioresponse and 
the explanatory variables L and LL are used: SA1 = 
1.52, SL = 0.96, SLL = 6.97. 
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Statistics for a set of LL parameters:  
 
N1 = 9; av

1LL  = 15.21 ± 2.36; 95% confidence 

interval: 9.78 - 20.65; min
1LL  = 4.243, max

1LL = 
24.60,  SLL = 7.07, τmax  = 1.33 < τmin  =  1.55 < 

)9(cr,2
05.0 f  = 2.237 < )9(cr,1

05.0 f = 2.392; Wilk-

Shapiro normality test:  W = 0.938 > )9(cr
05.0W  = 

0.829, David-Hartley-Pearson normality test: 
)(1 1

cr
05.0 NU = 2.59 < U = [( max

1LL – 
min
1LL )/SLL] = 

2.88 < )(2 1
cr

05.0 NU
 
 = 3.552.                               (22) 

 
Regression coefficients are statistically significantly 
different from zero at the 95% confidence level. The 
standardized regression coefficients are 
dimensionally independent and therefore allow 
comparison of the contributions that explanatory 
variables make to the regression. In statistics (20), 
the corrected coefficient of determination is used, 
which is valid for small samples N ≤ 15: 

R*2 = 1 – (1 – R2)∙(N – 1)/(N – m),           (23)    
 
as well as the critical value of the multiple 
correlation coefficient )2;6(cr

95.0  mR   [22]. The 
null hypothesis that the multiple correlation 
coefficient is equal to zero is rejected at the 
significance level α = 0.05.  

The cubic regression test showed the statistical 
insignificance of the regression equation. All 
regression coefficients were found to be 
insignificant at the 95% confidence level. The 
following estimates of the quality criteria of 
regressions were also obtained:   Σ3 = 2.9670,  AIC3   
= - 0.4430, SC3 = - 0.1331, SS3 = 0.2871. These 
tests indicate a decrease in the quality of cubic 
regression compared to quadratic regression (19). 
Checking the relationship of the regression residuals 
(19) with the explanatory variable L3 also led to an 
insignificant result. Thus, the performed statistical 
analysis, as well as the AIC, SC and SS tests, do not 
contradict the difference method (Table 2). 
Consequently, preference is given to the analytical 
form of regression, which corresponds to the 
minimum of tests. 

Checking the collinearity between the variables L 
and LL showed that the correlation coefficient 
between them is 0.994 (close relationship). 
However, this collinearity can be eliminated. Let's 
introduce new variables: (L – Lav) and (L – Lav)2 
[23]. Correlation coefficient decreases significantly 
for new variables: r1,2 = - 0.31. The regression will 

be as follows: 

Amod(L) = 2av
2

av
10 )()( LLaLLaa  , 

                                                                             (24)   

N1 = 9;  R = 0.92 > )2;6(cr
05.0  mR   = 0.795, R2 = 

0.846, R*2 = 0.80, RMSE = 0.693; a0 = 8.52 ± 0.27,  
a1 =–1.48 ± 0.27, a2 = –0.83 ± 0.27; t(a0) = 26.09 > 
|t(a1)| = 5.51, t(a2)| = 3.10 > )6(cr

05.0 ft = 2.447;  F 
= 16.26 > )6;2( 21

cr
05.0  ffF   = 5.14. 

The statistics of the sets ∆L = L – Lav  and ∆L2 = (L – 
Lav)2  will be as follows: 

N1 = 9; ∆Lav = 0.00 ± 0.32;  95% confidence 
interval: (-0.74, 0.74); ∆Lmin = - 1.73, ∆Lmax = 1.17, 
S∆L = 0.96; τmax = 1.21 < τmin = 1.80 <  )9(cr,2

05.0 f  

= 2.237 < )9(cr,1
05.0 f = 2.392; Wilk-Shapiro 

normality test:  W = 0.940 > )9(cr
05.0W = 0.829,  

N1 = 9; ∆L2,av = 0.83 ± 0.32;  95% confidence 
interval: (0.08–1.57), ∆L2,min = 0.0693, ∆L2,max = 
2.004, S∆L2 = 0.97, τmin = 0.78 < τmax = 1.21 <  

)9(cr,2
05.0 f  = 2.237 < )9(cr,1

05.0 f = 2.392; Wilk-

Shapiro normality test:  W = 0.800 ≈ )9(cr
05.0W = 

0.829.  
(25)                                                                                                                                                     

The standardized regression coefficients are: 

94.0*
1 a ,               53.0*

2 a .                        (26) 

It is important to note that in absolute value the 
coefficients (21) are opposite to the coefficients 
(26). This indicates that the values of the 
standardized regression coefficients are not always 
associated with the values of the relative 
contribution of the explanatory variables to the 
variability of the resulted indicator. We can make an 
estimate of the relative contributions of the variables 
to explaining the variability of an effective trait, 
given the magnitudes of the correlation coefficients 
between the explanatory variables and the observed 
bioactivity: 

Rappr.
2 = *

1a ∙ r∆L,Act  + *
2a ∙ r∆L2,Act   = 

0.720 + 0.123 = 0.843.                (27) 

Here r∆L,Act = - 0.77 and r∆L2,Act = - 0.23 are the pair 
correlation coefficients. From relation (27) it 
follows that the greatest contribution to the 
variability of the effective factor comes from the 
explanatory variable ∆L. We also note that the 
approximate coefficient of determination (27) is 
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very close to the coefficient of determination (24). 
Comparing the results for regressions (24) and (20), 
it is easy to verify their complete identity. 
Obviously, the regression coefficients ai and bj are 
interrelated. For example, there is the following 
relationship: b1 = a1 - 2a2Lav. Regression residuals 
(24) are normally distributed (Wilk-Shapiro test:  W 
= 0.961 > )9(cr

05.0W  = 0.829). Therefore, a 
quantitative assessment of collinearity between 
explanatory variables can be carried out using the 
Farrar-Glauber [24] relation, which has a chi-square 
distribution for f = m(m - 1)/2: 

χ2 = - [N – 1 – (2m + 5)/6]·ln(1 – 2
2,1r ) = 0.66 < 

 )1(cr 2,
05.0 f = 3.841.                  (28) 

It follows from inequality (28) that the new 
explanatory variables (L - Lav) and (L - Lav)2 are not 
collinear. However, the results of the two 
regressions (20) and (24) completely coincide.  

Consider now a regression that does not take into 
account the linear term L: 

Amod(L) =  b0 + b1∙LL.                            (29) 

For this regression the following statistic was 
obtained: 

N = 9;   R1= – 0.83  ±  0.21,  m1 = 1 is the number of 
explanatory variables; corrected correlation 
coefficient: | *

1R | = 0.85 > )7(cr
05.0R = 0.666; the 

minimum sample size, sufficient for the reliability 
of the correlation coefficient: min

05.0N = 6;  a criterion 
for the significance of the correlation coefficient 
based on the Fisher normalizing z-transform (taking 
into account Hotelling's corrections):  uH = 1.151  >  
u0.05(N) = z0.975∙(N – 1)-0.5 = 0.693;  RMSE = 0.908; 
b0 = 10.54 ± 0.75, b1 = –0.17 ± 0.05, t(b0) =13.99  > 
| t(b1)| = 3.93 >  )7(cr

05.0 ft = 2.365;    F = 16.46 > 

)7;1( 21
cr
05.0  ffF   =  5.59;   Σ4 = 6.7506,  AIC4 = 

-0.0653, SC4 = 0.2007, SS4 = 0.3248.                  (30) 

The regression residuals are normally distributed: W 
= 0.903 > )9(cr

05.0 NW = 0.829. Correlation 
coefficients between the values of information tests: 
rAIC-SS = 0.997 и rSC-SS = 0.994 ( )4(cr

05.0R = 0.811). 
According to the AIC, SC and SS tests, the quality 
of the regression (30) is lower than the quality of the 
regression (20). That is, the relationship between 
tests is statistically significant. The sample uses 
data:  Σi,  AICi,  SCi,  SSi  for  i = 1,2,3,4. According 
to the AIC, SC and SS tests, the quality of the 
regression (30) is lower than the quality of the 

regression (20). 
Let us check quantitatively whether the joint 

explanatory variables L and LL have a significant 
effect on the variability of bioactivity. To do this, 
we’ll use the F statistics: 

)1)((
)1)((

2*
1

2
1

2*

Rmm

mNRR
F




  = 10.97   > 

)1;( 211
cr
05.0  mNfmmfF = 5.99.      (31) 

It follows from inequality (31) that the additional 
explanatory variable L in regression (20), together 
with the variable LL, has a significant effect on the 
variation of the bio-response. Therefore, in what 
follows we will use the regression (20). The range 
of applicability of equation (20) is determined by 
the inequality L ≤ Lthr. For the threshold value of the 
explanatory variable, we take the following value:  
Lthr ≈ 5.0 (arbitrary units). Near the threshold, there 
is a sharp decrease (or increase) in the activity of 4-
substituted 5-nitro-2-methoxy-N-(2-diethylamino-
ethyl) benzamides (Fig. 2). 

The effect of the hydrophobic properties of the 
substituents on bioactivity was also tested. Probably, 
it was not possible to obtain a statistically 
significant regression dependence, due to the small 
size of the sample. However, it was found that for 
chemical compounds with close values of the linear 
size L (Nos, 2-5), the effect of hydrophobic 
contributions of substituents on bioactivity is noted. 
So, for example, for chemical compound No. 4, 
which has the maximum bioactivity (substituent 
N(CH3)2), the hydrophobic contribution is positive 
and equal to π = 0.18 arb. units [25]. 

The hydrophobic regions of molecules are 
usually not polarized and are unable to participate in 
the formation of hydrogen bonds. Hydrophobic 
substituents include hydrocarbon radicals, for 
example, N(C6H5)2, CH2C6H5, OC6H5, Si(CH3)3. At 
the same time, chemical compounds Nos. 2, 3 and 5, 
the bioactivities of which are in the region of 
maximum, but below the maximum (No. 4) 
bioactivity A1 = 10 points, have substituents for 
which the hydrophobicity is negative (i.e., they are 
hydrophilic) and is equal, respectively: –1.23, – 0.28 
и  – 0.47 arb. units. 
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Fig. 2. Relationship between the observed values of 
the bioactivity of benzamides with the linear size L 
of the substituent. 1 – The first group of compounds 
(Nos. 1–9). 2 – The second group of compounds 
(Nos. 10–15). The dotted line indicates a 
discontinuity in the regression line associated with 
the threshold phenomenon (cutoff value Lthr ≈ 5.0 
arb. units).   

 
Strong hydrophilic substituents include polar 

groups of atoms, for example, COCH3, NHOH, 
SO2CH3. The data of Table 1 suggest that the 
bioactivity of the drug may depend on whether the 
region of the R4 substituent is hydrophobic 
(hydrocarbon) or hydrophilic (polar). However, the 
linear size L may also be a limiting factor. In 
addition, it should be noted that, in the series of 
substituents Nos. 1–9, the N(CH3)2 (No.1) 
substituent has the lowest known electron affinity 
energy of the analyzed substituents: A = 1.08 eV 
[26]. For example, the substituents NH2 (No. 2), 
NO2 (No.3) and NHCH3 (No. 4) adjacent to the 
substituent N(CH3)2 in Table 1 have a higher 
electron affinity of 1.12, 3.10 and 1.56 eV, 
respectively. It is known, that the affinity for an 
electron characterizes the oxidizing ability of an 
atom or a group of atoms and determines the 
amount of energy released when an electron is 
attached. The greater the electron affinity, the higher 
the oxidizing properties of the substituent.  For a 
hydrogen atom, the electron affinity is lower (0.754 
eV) than for the N(CH3)2 substituent. However, 
bioactivity can be limited (see equation (19)) by the 
linear size of the hydrogen atom. The linear size of 
the hydrogen atom is noticeably less than the 
optimal size of 2.89 arb. units (see below). 

For the second group (Nos.10-15) chemical 
compounds (weakly bioactive drugs; range of values 
L> Lthr ≈ 5 arb. units), the relationship between the 
variation in bioactivity and changes in the molecular 
structure can be approximated by a linear 
relationship (Fig. 2):  

Amod.2(L) = a0 + a1L,   N = 6, R = – 0.71 ± 0.35, 

|R*|=  0.77 ≈ )4(cr
05.0R = 0.811,    RMSE = 0.23,    a0 

= 2.94 ± 1.22,    a1 = - 0.42± 0.21.                       (32) 

In accordance with the Chaddock scale, the 
corrected correlation coefficient falls within the 
range of  0.7 < R* < 0.9. This relationship between  
bioactivity and the explanatory variable can be 
characterized as “tight”. Thus, there is a structural 
shift here when comparing the relationship of 
bioactivity with an explanatory molecular factor for 
bioactive and inactive drugs. It turned out that the 
relationship between the effective factor and the 
explanatory factor L for areas 1 and 2 is either 
significantly different, or for area 2 there is no 
relationship at all.  

The nonlinear relationship determined by the 
regression equation (19) (or (20)) suggests that a 
chemical compound with the maximum activity 
should exist in the studied series of compounds. We 
can determine the optimal value of the linear size 
Lopt = - b1/(2b2) = 2.89 (in arbitrary units) from the 
condition dAmod.1 (L)/dL = 0, at which the regression 
line (19) reaches its maximum (Fig. 2). From 
equation (24) we obtain the same value: Lopt = Lav - 
a1/(2a2) = 2.89 (in arbitrary units). These results are 
consistent with the assumption of the optimal spatial 
correspondence of the substituent in the low-
molecular-weight chemical compound and the 
region of interaction of the biological object. On the 
one hand, mathematical modeling demonstrates a 
statistically significant relationship between the 
antiemetic activity of benzamides and the linear size 
L of the substituent. On the other hand, modeling 
allows us to point out an important result, namely, 
that one can hardly expect to obtain a drug whose 
activity is significantly higher than that of the 
dimetpromide molecule by varying only the linear 
size of the substituent. 

Figure 3 shows a very close agreement between 
the observed values and those calculated using 
models (19) and (32). Thus, we can accept the 
hypothesis that the variation in the bioactivity of 
drugs is due to the variability of the linear size L of 
the substituent. 

Apparently, the necessary condition for the 
manifestation of the bioactivity of the benzamide 
molecule is the complementarity of the chemical 
compound to the local area of the biological object. 
However, for the manifestation of the bioactivity of 
the molecule, it is not enough only the structural 
correspondence of the drug to the localization area. 
It is also necessary that the benzamide molecule has 
a stable interaction with the local site of the 
biological object. 
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Fig. 3. Correlation field and scatter diagram of 
indicators of the observed antiemetic activity of 
benzamides and calculated values of bioactivity 
according to equations (19) and (32). ── regression 
line:  Amod = a0 + a1∙Aexp,  N = 15;  R = 0.99 ± 0.03,  
RMSE = 0.489, a0 =  0.03  ±  0.21, a1 = 1.00 ± 0.03; 
F = 878.5 > )13;1( 21

cr
05.0  ffF  = 4.67. 

 
That is, paired intermolecular interactions should 
play an important role in the manifestation of 
antiemetic activity. For a quantitative assessment of 
possible intermolecular interactions, we will use the 
electronic factor-attribute Z (or information factor-
attribute H, which correlates with the value of Z [27, 
28]). Molecular information function is: 


i

ii ppH 2log ,                        (33) 

For relations ip  = Nni /  the following conditions 
are fulfilled: 10  ip , 1 ip , where ip  = 0 
means the impossibility of occurrence of the i-th 
event; Nni  , ni is the number of atoms of type i 
in a molecule, N is the total number of atoms in a 
molecule. The ratio Nni /  determines the fractional 
participation of the i-th sort of atom in the molecule. 
In fact, here, instead of the probabilities used by 
Shannon, we use in formula (33) Kolmogorov's 
combinatorial representation of the fractional 
participation of the elements of a set in the general 
set, as applied to molecules (the elements of the set 
are atoms) [28]. Factor Z is associated with the 
pseudopotential of the molecule. Information factor  
H and electronic factor Z turned out to be useful in 
the quantitative determination of paired 
intermolecular interactions [9,27].  

Let us check whether the mean values of the 
information function differ significantly for 
bioactive and inactive chemical compounds. The 
following statistics were obtained for the 
information functions H1 and H2: 

N1 = 9; H1
av = 1.65 ± 0.03; 95% confidence interval: 

(1.60-1.71), H1
min = 1.55, H1

max = 1.76, SH1 = 0.074, 

τmin = 1.415 < τmax = 1.442 <  )9(cr,2
05.0 f  = 2.237 < 

)9(cr,1
05.0 f = 2.392; Wilk-Shapiro normality test: 

W = 0.924 > )9(cr
05.0W  = 0.829, David-Hartley-

Pearson normality test: )(1 1
cr

05.0 NU   =   2.59  <  U    

=    [(H1
max - H1

min)/SH1] = 2.84 < )(2 1
cr

05.0 NU
 
 = 

3.552;                                                                   (34) 

 
N2 = 6; H2

av = 1.56 ± 0.02; 95% confidence interval:  
1.51-1.62, H2

min = 1.48, H2
max = 1.61, SH2 = 0.053, 

τmax = 0.94 <  τmin = 1.51 <  )6(cr,2
05.0 f  = 1.906 < 

)6(cr,1
05.0 f  = 2.184; Wilk-Shapiro normality test: 

W = 0.859 > )6(cr
05.0W  = 0.788, David-Hartley-

Pearson normality test: )(1 2
cr

05.0 NU  = 2.200  < U = 

[(H2
max - H2

min)/SH2] = 2.45 < )(2 2
cr

05.0 NU
 
 = 3.222.  

                                                                           (35) 

The variances of populations do not differ 
significantly: 

2
2

2
1 / HH SSF   = 1.92 < 

82.4)51;81( 2211
cr
05.0  NfNfF , 

      (36) 

Therefore, the average values of H1
av and H2

av can 
be compared using relation (14): 

 avav
2

av
1 094.0|| tHHt  

 )2( 21
cr

05.0 NNft  

    

.062.0
)2(

])1()1[(
5.0

2121

2
22

2
11 

















NNNN

SNSNN

(37) 
The one-sided t-test is applied: )13(cr

05.0 ft  = 1.77. 
Inequality (37) indicates that the mean values for 
bioactive chemical compounds and low-active drugs 
differ significantly. Inequality (37) is also preserved 
for the two-sided t - test. It can be assumed that 
bioactive chemical compounds have such values of 
the molecular trait H, which are preferably localized 
around the average value H1

av = 1.65 bits. Whereas 
for inactive (or weakly active) drugs, most likely, 
the values of factor H are localized around the value 
H2

av = 1.56 bits (Fig. 4). Figure 4 demonstrates the 
threshold of the dependence of the bioactivity of 
molecules on the value of the parameter H. 

Figure (4) demonstrates the threshold of the 
dependence of the bioactivity of molecules on the 
value of the information function H. To the right of 
the approximate threshold value (Hthr ≈ 1.61 bits), 
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there is a rapid (jump) increase in the bioactivity of 
chemical compounds. It is important to note here 
that the molecular parameter L refers only to the 
substituent, while the information function H 
characterizes the molecule as a whole.  
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Fig. 4. Scatter plot. Δ – bioactive drugs (first group). 
• – inactive or weakly active drugs (second group). 
The solid line is the regression:   Amod.3(H)  =  b0+ 
b1∙H, N =15; R* = 0.62 > )13(cr

05.0 fR  = 0.514; b0 
= – 42.71 ± 17.54, b1 =  29.45 ± 10.84, t(b1) = 2.72  
>|t(b0)| = 2.44 > 160.2)13(cr

05.0 ft ; F = 7.38 

> )13;1( 21
cr
05.0  ffF = 4.67. The dotted line 

indicates the approximate threshold value of the 
molecular information function. 
 

In a similar way, the following inequalities were 
obtained for the molecular factor  Z: 

2
2

2
1 / ZZ SSF   = 2.04 <  

82.4)51;81( 2211
cr
05.0  NfNfF , 

.10.013.0|| avav
2

av
1  tZZt       (38) 

Here SZ1 = 0.1214, SZ2 = 0.0850, Z1
av = 2.77, Z2

av = 
2.64, N1 = 9, N2 = 6. Hence, it follows that bioactive 
compounds are grouped around Z1

av, and weakly 
active ones around Z2

av. The relationship between 
factor Z and antiemetic activity has a threshold 
similar to Fig. 4. At the 95% confidence level, the 
mean values of factor Z are statistically significantly 
different for active and inactive drugs: Z1

av > Z2
av.  

It should be noted that the electronic factor Z of a 
chemical compound and the information function H 
are determined based on different concepts; 
nevertheless, they turned out to be highly correlated. 
For chemical compounds (Table 1), molecular 
factors Z and H are "very closely" (on the Chaddock 
scale) interconnected with each other (Fig. 5). 
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Fig. 5. Relationship between molecular factors Z 
and H. H(Z) = b0 + b1∙Z, N = 15;  R = 0.96 ± 0.08,  
R* = 0.963 >  )1(cr

05,0  mNfR  = 0.514; sample 
size sufficient for the validity of the correlation 
coefficient: 5min

05.0 N ; RMSE = 0.037, b0 = - 0.06 ± 

0.14, b1 = 0.62 ± 0.05, t(b1) = 12.15 > )13(cr
05.0t = 

2.160; F=147.6 > )13;1( 21
cr
05.0  ffF = 4.67. 

 
Thus, the level of antiemetic activity can be 
influenced not only by the linear dimensions of the 
substituent, but also by the value of the molecular 
parameter Z (or H), which correlates with the energy 
of pair intermolecular interaction [9]. Statistical 
analysis also shows that the bioactivity of 
benzamides will be the greater, the greater the value 
of the factor Z (or H). 

That is, it can be assumed that the pairwise 
intermolecular interaction for bioactive molecules is 
on average more intense and, therefore, the activity 
index (in points) may be the higher, the greater the 
value of the explanatory factor.  
 

4 Conclusion 
The statistical approach proposed in this article 
establishes rules for separating bioactive chemicals 
from inactive chemicals. These rules can be 
practically useful in preliminary prediction of the 
antiemetic activity of new chemical compounds. It 
is important to emphasize that simple calculations of 
molecular traits require only knowledge of the 
structural formula of the molecule. When predicting 
possible new chemical compounds in the series of 
benzamides, the substituent at position R4 should 
have not only L close to Lopt ≈ 2.89 arb. units, but 
the molecule must have a high value of the factor 
attribute Z ≈ Z1

av= 2.77 (in arb. units) > Z2
av. The 

complementarity of a substituent is a necessary, but, 
apparently, not a sufficient condition for the 
manifestation of a chemical compound of its 
biological activity. That is, the intensity of the effect 
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of the pseudopotential of the molecule on the region 
of the biophase, which is characterized by the value 
of the molecular characteristic Z, is also important. 
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