\ L NA MY International Journal of Pharmacy and Pharmaceutical Sciences

o NUY
m ACADENIC SCIENCES Print ISSN: 2656-0097 | Ouline ISSN: 09751491 Yol 15, Issue 3, 2023

Original Article

2D-QSAR STUDY ON SOME NOVEL DIHYDROPYRIMIDINE-4-CARBONITRILE ANALOGS AS AN
ANTIFUNGAL ACTIVITY

RIDDHI PATELY, T. Y. PASHA?, SANDIP PATEL!

IN. R. Vekaria institute of Pharmacy, Junagadh, Gujarat, India, 2Sri Adichunchanagiri College of Pharmacy, B G Nagara, Nagamangala Taluk
Mandya, Karnataka, 571448, India
Email: riddhi.mdh@gmail.com

Received: 07 Dec 2022, Revised and Accepted: 24 Jan 2023

ABSTRACT

Objective: The present study was designed to study the antifungal activity of Dihydropyrimidine-4-Carbonitrile analogs against the fungi Candida
albicans by a 2D quantitative structure-activity relationship (QSAR) model.

Methods: The pyrimidine derivatives were produced using lipophilic, electronic, and steric parameters by Quantitative Structure Activity-
Relationships (QSAR). A relationship between dependent and independent variables (biological activities and physicochemical descriptors,
respectively) was resolved statistically using regression analysis. The F value shows the level of statistical significance of the regression (r?) was
used to report the fitness of data. The newly synthesized derivatives were evaluated for in vitro antifungal activity against Candida albicansby
Nutrient agar and Seaboard dextrose agar media.

Results: Multiple linear regression is a method of crucial importance, it allowed us to obtain a relation between the calculated parameters and the
antifungal activity; this we can interpret the variance of the activity by contribution to the calculated descriptors. Quantitative structure-activity
relationship (QSAR) model showing a significant activity-descriptors relationship accuracy of 90% (R? = 0.90) and activity prediction accuracy of
81% (R%cv = 0.81). These values prove that the model obtained is reliable. Out of the three descriptors studied; log P has minimum potency, molar
refractivity has more potency and heat of formation has moderate potency.

Conclusion: Important structural understanding in the pattern of potent antifungal agents by Quantitative Structure Activity-Relationships (QSAR)
study. The acquired physicochemical properties (electronic, topological, and steric) show the important structural features required for antifungal

activity against Candida albicans.
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INTRODUCTION

Some novel antifungal agents have been evaluated as a very
important step for investigators. In general, the research
programmed attempts are handled toward the design of new drugs
because of the acquisition of resistance by the infecting organisms to
present drugs and the unsatisfactory status of the present drug's
side effects. Standard antibiotic resistance of common
microorganisms is rapidly becoming a major health problem
throughout the world [1, 2]. There is a real viewed need for the
discovery of new derivatives provided with antifungal activity. The
importance of organisms and treatment and methods of prevention
differ with each group. Over a decade, the ubiquity of systemic
fungal infections has increased significantly [3].

In the past 10 y, the use of broad-spectrum antibiotics used is
increased, so the development of antifungal drugs has expanded, but
there is still a deficiency in the range and scope of current antifungal
properties. The modifications of existing drug molecules have been
developed to improve activity and eliminate toxicity [4-6]. In short,
antifungal activity has developed rapidly in the past few years
analyzed to previous years, and the direction for the treatment of
fungal infections is modified shortly soon as our knowledge of fungal
infections enhance and new antifungal therapies are invented [7]. The
quantitative structure-activity/property relationships (QSAR/QSPR)
of substances are investigated by drug discovery, medicinal chemistry,
biochemistry, and an important aspect of modern chemistry.

The information acquired is made by mathematical equations
relating the chemical structure of the derivatives to a huge variety of
their physical, biological, chemical, and technological properties.
Those not synthesized, yet those derivatives can readily be screened
in silico for selection of structures with desired properties. Once a

correlation between structure and activity/property is established,
any number of derivatives. Hence, it is possible to select the most
favorable derivatives for synthesis and testing in the laboratory [8,
9]. Theoretical drug designs have been most widely and effectively
used in the analysis of quantitative structure-activity relationships
(QSAR). This method has also been called the Hansch approach
method and it supposes that the strength of a certain biological
activity applied by a series of corresponding derivatives can be
shown in terms of a function of various physical and chemical
(electronic, hydrophobic, and steric) properties [10-12].

These purposes could be produced in a quantitative structure-activity
relationships(QSAR)equation appearing certain effects approving for
the antifungal activity, structural modifications that enhance various
physical and chemical (electronic, hydrophobic, and steric) properties
would be awaited to generate good active derivatives.

MATERIALS AND METHODS
Antifungal activity

The newly synthesized derivatives were evaluated for in vitro antifungal
activity against Candida albicans ATCC 10231(HIMEDIA). Nutrient agar
and Seaboard dextrose agar were worked for fungal growth. The means
of the standard twofold serial dilution method determined Minimal
Inhibitory Concentrations (MIC) by using agar media. Stock solutions of
tested derivatives were developed in Dimethyl sulfoxide (DMSO) at a
concentration of 1 mg/ml. A Suspension containing around 106 CFUs/ml
of fungi was arranged from broth cultures. Fungal plates were prepared
in triplicate and incubated at 37 °C within 48-72 h for fungi.
Clotrimazole was also shown under the same conditions as an antifungal
drug. MIC is explained as the minimum concentration of derivatives that
inhibited visible growth [13].
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Simulation calculation of physicochemical parameters

The physicochemical parameters molar refractivity for steric, logP
for lipophilic and index of reflection for electronic parameters were
calculated using the software ChemBioDraw Ultra 12.0.

QSAR analysis
Data set

Some novel synthesized Dihydropyrimidine derivatives were
studied in this. The candidate set of variables was analyzed by
lipophilic, electronic, steric, and structural parameters. The
physicochemical parameters in this QSAR study were molar
refractivity for steric, logP for lipophilic it, and index of reflection for
electronic parameters. The data set was around divided into two
subsets: the training set containing 16 derivatives and the test set
containing 4 derivatives. The training set was shown to make a
regression model, and the test set was shown to estimate the
predictive ability of the model acquired. The properties data for the
complete set of derivatives are presented in table 2. To obtain QSAR
models, a proper representation of the chemical structure is
necessary. For this reason, descriptors of the structure are
commonly used. The physicochemical parameters used in this work
were calculated using ACD Labs software and chem. Draw ultra.

Multiple linear regression method

A relationship between dependent and independent variables
(biological activities and physicochemical descriptors, respectively)
was resolved statistically using regression analysis [14]. Linear
regression is reached by fitting a best-fit straight line to the data using
the least squares method. Descriptors that are incorporated in a
feasible QSAR equation should show low inter-correlation and, thus,
behave as independent variables. The inter-correlation between
descriptors was used for selecting descriptors for the equation and the
quality of fit for a regression equation was evaluated relative to its
standard deviation and correlation coefficient. The F value shows the
level of statistical significance of the regression. For a regression
model, r2was used to report the fitness of data.

RESULTS AND DISCUSSION

Twenty derivatives were synthesized and biologically screened for
antifungal activity. The biological activity data of MIC (Minimum
Inhibitory Concentration) was converted to negative log dose in mol
(pMIC) for the QSAR study [15]. The data file was applied to
stepwise Multiple Linear Regression analysis to achieve QSAR
analysis between antifungal activity as a dependent variable and
substituent constants as independent variables, and some equations
were acquired [16]. Physicochemical descriptors and the regression
analysis of antifungal activity data, a statistically significant equation
with a coefficient of correlation (r?) were shown as a model for
antifungal activity [17].

A quantitative structure-activity relationship (QSAR) studies were
performed to explore the antifungal compound from the

Calculated physico-chemical properties
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Dihydropyrimidine derivatives. Theoretical results are in accord
with the in vitro experimental data with reported growth inhibitory
activity towards Candida albicans. Antifungal activity was predicted
through the quantitative structure-activity relationship (QSAR)
model, developed by forward feed multiple linear regression
method with a leave-one-out approach. Quantitative structure-
activity relationship (QSAR) model showing a significant activity-
descriptors relationship accuracy of 90% (R2 0. 90) and activity
prediction accuracy of 81% (R? cv = 0.81). Initially, a total of 20
derivatives were used for Quantitative structure-activity
relationship (QSAR) modeling against physicochemical descriptors
[18]. According to the quantitative structure-activity relationship
(QSAR) equation 1 (table 3) is dependent on logP, the heat of
formation, and molar refractivity for the antifungal activity against
Candida albicans. Out of the three descriptors studied; log P has
minimum potency, molar refractivity has more potency, and heat of
formation has moderate potency. The logP value has lipophilic
properties. The property suggested the lipid solubility and affinity of
derivatives toward lipids. The lopP value has a positive interaction
with the activity; this shows that the substituent, which increased
activity, will give decrease solubility in water. The decrease in water
solubility or increase in the lipophilic nature of derivatives will lead
to increased penetration of the derivatives across the cell wall [19].

The steric parameter of molar refractivity is dependent on the
spatial selection of the aromatic ring in the synthesized derivatives.
The spatial position also is required to work the interaction of the
ligand with the receptor. The molar refractivity is positively
correlated with the antifungal activity against Candida albicans. This
shows that the aromatic ring arrangement exit on the pyrimidine
ring should be far for maximum activity.

The heat of the formation of derivatives negatively correlated with
the antifungal activity and decreases in the heat of the formation of
molecules might be managed for the kinetics or dynamics of the
derivatives inside the fungal cell. Thus, a molecule having less heat
of formation will need less energy of activation for relation with the
receptor target. Substitutions favoring high lipophilic values and
high molar refraction may achieve an increase in activity [20].

We showed for a simpler descriptor for the prediction of biological
in vitro activity for the studied class of derivatives. Quantitative
structure-activity relationship (QSAR) studies indicate that logP, the
heat of formation, and molar refractivity correlate well with
biological activity (table 1). The quantitative structure-activity
relationship (QSAR) mathematical model equation derived through
the multiple linear regression method is given below, showing the
relationship between in vitro experimental activity (MIC) and
dependent descriptors: The best 2DQSAR and the statistics obtained
are listed in the quantitative structure-activity relationship (QSAR)
equation 1 (table 3).

These results could offer useful references for understanding
mechanisms and directing the molecular design of new lead
compounds with improved antifungal activity.

Table 1: Physicochemical properties done for the training set derivatives

S. No. Derivatives Log P Heat of formation Molar refraction [cm3/mol] Zone of inhibition (ng/ml)
1 PMD1 443 182.81 145.22 8.52
2 PMD2 4.55 336.14 132.67 8.68
3 PMD4 4.16 173.83 136.19 8.22
4 PMD5 5.16 265.87 150.76 9.39
5 PMD7 5.38 354 143.17 10.20
6 PMD8 4.04 155 141.54 7.51
7 PMD9 4.17 143.75 153.32 8.23
8 PMD10 5.04 316 136.47 9.34
9 PMDI 6.02 427.75 168.67 10.51
10 PMDII 6.15 592.48 154.92 11.23
11 PMDIII 6.71 564.77 162.42 11.87
12 PMDIV 5.76 412.57 161.63 10.33
13 PMDV 6.75 515.92 175.70 14.28
14 PMDVII 6.98 602.07 164.45 13.21
15 PMDVIII 5.63 254.52 167.76 10.67
16 PMDX 6.63 559.00 164.60 10.49
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Table 2: Physicochemical properties done for the test set derivatives

S. No. Derivatives Log P Heat of formation Molar refraction [cm3/mol] Zone of inhibition (ng/ml)
1 PMD3 5.12 319.837 138.28 10.29

2 PMD6 4.86 365.42 147.65 9.85

3 PMDVI 6.54 610.76 172.95 13.53

4 PMDIX 5.97 403.7 181.44 12.17

2D-QSAR models development

Table 3: 2D-QSAR models developed

Model No.  Equation Observations  R? Standard error F

1 Zone of Inhibition=-1.06+(1.77*log p)+(0.013* Molar refraction)- 16 0924 0.799 23.56
(0.0014*Heat of formation)

2 Zone of Inhibition=-1.06+(1.48*log p)+(0.02*Molar refraction) 16 0913 0.772 37.78

3 Zone of Inhibition=-2.06+(0.064* Molar refraction)-(0.006*Heat of formation) 16 0901 0.871 28.22

4 Zone of Inhibition=-0.324+(2.08*log p)-(0.0025*Heat of formation) 16 0.900 0.773 37.61

Training set

Table 4: Comparison of predicted value and the observed value for the training set

S. No. Derivatives pMIC Predicted value
1 PMD1 8.52 8.42
2 PMD2 8.68 8.25
3 PMD4 8.22 7.86
4 PMD5 9.39 9.77
5 PMD7 10.20 9.85
6 PMD8 7.51 7.77
7 PMD9 8.23 8.21
8 PMD10 9.34 9.25
9 PMDI 10.51 11.23
10 PMDII 11.23 11.10
11 PMDIII 11.87 12.32
12 PMDIV 10.33 10.72
13 PMDVI 14.28 12.45
14 PMDVII 13.21 12.87
15 PMDVIII 10.67 10.50
16 PMDX 10.49 12.19

Derivatives vs zone of inhibition (pug/ml)
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Fig. 1: Chart of comparison between the observed and predicted zone of inhibition for the training set
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Fig. 2: Chart of comparison between a zone of inhibition values and parameter (Log P) for the training set
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Fig. 3: Chart of comparison between molar refraction anda zone of inhibition values for the training set
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Fig. 4: Chart of comparison between the heat of formation and zone of inhibition values for the training set

Test set
Table 5: Comparison of the observed and predicted values for the test set.
S. No. Derivatives Observed value Predicted value
1 PMD3 10.43 10.29
2 PMD6 8.39 9.85
3 PMDVI 14.87 13.53
4 PMDIX 12.54 12.17
Derivatives vs zone of inhibition (png/ml)
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Fig. 5: Chart of comparison between the observed value and predicted value for the test set
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Fig. 6: Chart of comparison between Log P and a zone of inhibition values for test set
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CONCLUSION

Series  of  Dihydropyrimidine-4-Carbonitrilederivatives ~ were
approached by classical with well-expressed antifungal activity. It has
good correlation between biological activity and parameters as
R%v=0.81 and R? > 0.90variance in inhibitory activity. The low
standard error demonstrates the accuracy of the model. Descriptors
used in the important Quantitative structure-activity relationship
(QSAR) Model-1 with value is shown in table 3. Quantitativestructure—
activity relationship studies proposed that the antifungal activities of
these synthesized derivatives against the test microorganisms are
mainly controlled by polarizability, the molar refractivity parameter.
Thus, high polarized substitution on the aromatic ring probably
betters the potency of these derivatives as antifungal agents.
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