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Abstract  

 
A quantitative structure-activity relationship (QSAR) analysis was conducted on 15 derivatives of 
4-hydrazinyl-6-phenylpyrimidine-5-carbonitrile to investigate the relationship between atomic 
charge and anti-breast cancer activity (MCF-7 cell line) based on experimental log IC₅₀ values. 
Descriptor data were obtained through AM1 semi-empirical quantum mechanical calculations 
using HyperChem. A multiple linear regression model with the backward elimination method was 
employed to establish the quantitative relationship between net atomic charge and log IC₅₀, 
yielding the following QSAR model: log IC₅₀ = -415.573 − 224.759(qC2) + 175.860(qC5) + 
1307.672(qC6) + 1251.123(qC8) + 1142.590(qC9) − 3606.800(qC10) + 3.840(qC13); with n = 15, R 
= 0.899, R² = 0.808, Fₒ/Fₜ = 1.002, and PRESS = 0.043. The results indicate a statistically significant 
correlation between atomic charge and biological activity. 
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Introduction  

Cancer, or malignant tumors, remains 
a major global health challenge (Badawi et 
al., 2023). It arises from uncontrolled cell 
division caused by genetic mutations that 
induce abnormal cellular behavior (Thurston 
& Pysz, 2021). Among various types, breast 
cancer ranks as the most commonly 
diagnosed cancer worldwide, following lung 
cancer. In 2020, there were approximately 
19.3 million new cancer cases, with breast 
cancer accounting for 11.7% of these 
diagnoses (Chhikara & Parang, 2023). 

Breast cancer primarily affects the 
mammary glands, milk ducts, and 
surrounding supportive tissues (Jabeen et al., 
2022). Several factors contribute to its 
development, including age, unhealthy 

lifestyle habits (such as excessive alcohol 
consumption, obesity, and smoking), genetic 
predispositions, and the timing of 
menopause and menarche (Subia et al., 
2021). Current treatment modalities 
encompass chemotherapy, surgery, and 
radiotherapy. However, surgical and 
radiotherapeutic approaches are generally 
limited to localized tumors and are less 
effective once the cancer has metastasized 
(Pratama et al., 2022). 

The search for more effective breast 
cancer therapies remains a priority, as no 
current drug or drug combination is entirely 
free from side effects. While breast cancer is 
the most prevalent cancer among women 
globally, only 39 of the 206 anticancer drugs 
approved by the U.S. Food and Drug 
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Administration (FDA) specifically target 
breast cancer (Chaurasia et al., 2023). 

One such drug is 5-Fluorouracil (5-FU), 
a chemotherapy agent used extensively 
against breast, colon, head, and neck cancers. 
However, its clinical effectiveness is often 
compromised by drug resistance and 
significant side effects, including 
leukopenia—a reduction in white blood cell 
count (VanderVeen et al., 2020). The 
emergence of resistance to existing therapies 
underscores the urgent need for the 
discovery of novel anticancer compounds 
with improved efficacy and safety profiles. 

Recent research has explored 4-
hydrazinyl-6-phenylpyrimidine-5-
carbonitrile, a pyrimidine derivative known 
for its broad spectrum of biological activities, 
including anticancer, analgesic, 
anticonvulsant, antimalarial, antifungal, 
antitubercular, anti-inflammatory, anti-HIV, 
antibacterial, and antidepressant properties 
(Natarajan et al., 2023). 

The development of new drug 
candidates typically involves several 
laboratory stages, including design, 
synthesis, characterization, purification, and 
biological evaluation. This process is time-
consuming, costly, energy-intensive, and can 
generate substantial chemical waste (Zain et 
al., 2020). Moreover, the potential for 
ineffective outcomes emphasizes the 
importance of early-stage screening 
methods, such as molecular modeling, which 
can predict compound activity prior to 
synthesis. 

Computational chemistry plays a vital 
role in drug discovery, enabling the 
prediction of compounds' physicochemical 
properties and biological activities. One 
widely used technique is Quantitative 
Structure-Activity Relationship (QSAR) 
analysis, which examines correlations 
between molecular structures and their 
experimentally determined biological 
activities (Iswanto et al., 2023). A key step in 
QSAR involves structural modeling and 
geometry optimization, often performed 
using the AM1 semi-empirical quantum 
mechanical method. AM1 offers a 
computational balance that is faster than ab 
initio methods yet more accurate than 

molecular mechanics approaches. QSAR 
models typically consider steric, electronic, 
and lipophilic parameters. Steric parameters 
relate to molecular interactions with 
receptors; lipophilic parameters reflect 
membrane permeability; and electronic 
parameters, such as net atomic charge, 
influence receptor-ligand binding 
interactions (Aini et al., 2022; Jufri & Azra, 
2023). 

The electronic interactions between 
bonded atoms in a compound are influenced 
by the net atomic charge, which, in turn, is 
affected by the electron-binding 
characteristics of each atom. In this study, 
QSAR equations were developed for 15 
derivatives of 4-hydrazinyl-6-
phenylpyrimidine-5-carbonitrile, and the 
best-fitting model was selected based on 
correlation analysis for validation purposes 
(Jufri & Azra, 2023). Previous research by 
Badawi et al. (2023) involved the design, 
synthesis, characterization, and molecular 
docking studies of these compounds, 
highlighting several new pyrimidine 
candidates with promising activity against 
breast cancer cell lines, particularly MCF-7 
and MDA-MB-231. Furthermore, their study 
demonstrated the inhibitory potential of 
these compounds on EGFR and aromatase 
(ARO) enzymes, both of which are critical 
targets in breast cancer therapy. However, 
the study did not include a QSAR analysis to 
quantitatively assess the relationship 
between molecular structure and biological 
activity. Therefore, further investigation 
using QSAR modeling is warranted. 
Accordingly, the present study examined the 
relationship between the net atomic charge 
and the biological activity of the selected 
derivatives against breast cancer cells. The 
net atomic charge was calculated using the 
AM1 semi-empirical method via HyperChem 
software, and multiple linear regression 
analysis was applied to construct the QSAR 
equation. 
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Methodology  
 

Materials and Tools 

This study utilized 15 derivative 
compounds of 4-hydrazinyl-6-
phenylpyrimidine-5-carbonitrile, along with 
biological activity data (IC₅₀ values) obtained 
from experimental results reported by 
Badawi et al. (2023). The tools employed 
included hardware and software 
components. The hardware consisted of a 
computer with an Intel® Core™ i3-8100 CPU 
@ 3.60 GHz and 3.87 GB usable RAM, 

available at the Information and 
Communication Technology (ICT) 
Laboratory of the Chemistry Department, 
Universitas Negeri Padang (UNP). Software 
used in this research included HyperChem 
Professional version 8.0 (Hypercube, 2007) 
for three-dimensional structure modeling, 
geometry optimization, and calculation of 
physicochemical properties. Microsoft Office 
Excel 2013 (Microsoft, 2013) and IBM SPSS 
Statistics for Windows (IBM, 2016) were 
utilized for data processing and statistical 
analysis. 

 

 
Figure 1. Structure of 4-hydrazinyl-6-phenylpyrimidine-5-carbonitrile. 

Table 1. Structure and IC₅₀ values of 4-hydrazinyl-6-phenylpyrimidine-5-carbonitrile derivatives 

Code R1 R2 IC50 

(µg/ml) 
 Code R1 R2 IC50 

(µg/ml) 
 S1. 

 

-NH2 69.36  

3.07 

  S9 

 

 

6.44  

0.29 

 S2. 

 

-NH2 18.26  

0.81 

  S10 

  

12.91  

0.57 

 S3. 

 

-NH2 47.23  

2.09 

  S11 

  

6.86  

0.3 

 S4. 

  

42.72  

1.89 

  S12 

  

2.13  

0.09 

 S5. 

  

34.22  

1.52 

  S13 

 
 

26.31  

1.17 
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Procedure 

     The molecular structures of the 15 
derivative compounds were drawn and 
optimized using the HyperChem software, 
applying the Austin Model 1 (AM1) semi-
empirical quantum chemical method. The 
optimization was carried out using the 
Polak-Ribiere algorithm with a convergence 
limit of 0.001, iteration limit of 32,767, and 
root-mean-square (RMS) gradient of 0.001. 
Multiple linear regression analysis was 
employed to determine the quantitative 
relationship between net atomic charge and 

biological activity (log IC₅₀) using the 
Backward elimination method. The model 
selection for the QSAR equation was based 
on criteria including high R, R², and adjusted 
R² values approaching 1 (Vikaliana et al., 
2022), a low standard error (SE) value 
(Nindita & Sanjaya, 2014), an f-score/f-table 
ratio greater than 1, and a significance value 
below 0.05 (Slamet & Aglis, 2020). The final 
QSAR model was further validated by 
selecting the equation with the lowest 
Predicted Residual Sum of Squares (PRESS) 
value (Toni et al., 2022; Zain et al., 2020). 

Results and Discussion 
 

To investigate the relationship 
between the net atomic charge and the 
activity of 4-hydrazinyl-6-phenylpyrimidine-
5-carbonitrile derivative compounds as 
potential anti-breast cancer agents, modeling 

was conducted using the AM1 semi-empirical 
quantum mechanical method. 

Compound structure modeling and 
geometry optimization 

The geometry optimization in this 
study aimed to obtain stable molecular 
structures characterized by minimum 
potential energy (Evita et al., 2022). 

 
Figure 2. Structure of 4-hydrazinyl-6-phenylpyrimidine-5-carbonitrile derivative (S1) generated using 

the HyperChem application. 

 
Geometry optimization is an iterative process whereby the molecular conformation is adjusted, 
and potential energy is recalculated until a convergence criterion is met. In this study, the 
convergence limit was set at 0.001 kcal/mol. Once this threshold was achieved, the 
conformation with the lowest potential energy was considered optimal (Rakhman et al., 2019)..
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22.99  

1.02 

 S8. 

  

2.74  
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Table 2. Total energy values before and after geometry optimization of 4-hydrazinyl-6-phenylpyrimidine-
5-carbonitrile derivatives 

Compound 
Code 

Total energy before optimization 
(kcal/mol) 

Total energy after optimization 
(kcal/mol) 

S1 -85256.09114 -85326.53026 

S2 -81465.45408 -81536.80898 

S3 -77873.77899 -77942.54270 

S4 -114998.10004 -115066.27286 

S5 -115470.06080 -115539.12302 

S6 -126559.67694 -126707.28527 
S7 -111207.57280 -111276.40499 
S8 -111679.52970 -111749.24238 
S9 -122769.15117 -122917.36405 

S10 -107615.92479 -107681.95844 
S11 -108087.88019 -108154.72266 

S12 -119177.50410 -119322.91650 

S13 -129207.36505 -130300.51195 

S14 -125416.85220 -126510.81573 

S15 -121825.20818 -122917.04220 

 
      The calculation of the potential energy for 
the 4-hydrazinyl-6-phenylpyrimidine-5-
carbonitrile derivative compound (S1) 
showed a lower value after optimization (-
85326 kJ/mol) compared to the value before 
optimization (-85256 kJ/mol), as presented 
in Table 2. This decrease in potential energy 
indicates that geometry optimization 
affected the bond angles and interatomic 
distances, leading to changes in energy until 
the lowest potential energy was achieved. 
This signifies that the molecular structure 
has reached a stable state (Rakhman et al., 
2019). 
Calculation results of net atomic charge 
descriptors 

      In this context, descriptors refer to 
physicochemical properties used to model 
the relationship between molecular 
structure and biological activity. Net atomic 
charge values of 4-hydrazinyl-6-
phenylpyrimidine-5-carbonitrile derivatives 
were calculated as descriptors to assess their 
impact on anticancer activity. The charges 
analyzed included qN1, qC2, qN3, qC4, qC5, qC6, 
qN7, qC8, qC9, qC10, qC11, qC12, and qC13. These 
net atomic charge values were treated as 
independent variables, as they significantly 
affected intermolecular interactions. 
Variations in the substituent groups affected 
the polarity of these atomic charges, thereby 
impacting their role in molecular activity 
(Ananto et al., 2020). 
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Figure 3. Structure of 4-hydrazinyl-6-phenylpyrimidine-5-carbonitrile compounds (R1-R2). 

Table 3. Net atomic charge values of constituent atoms in 4-hydrazinyl-6-phenylpyrimidine-5-
carbonitrile derivatives 

           Table 3 illustrates that the N atoms 
(N1, N3, and N7) possessed a negative charge 
due to their higher electronegativity than 
other atoms. This resulted in bonding 
electron pairs being drawn towards the N 
atoms. Conversely, the C atoms in 
heterocyclic rings (C2, C4, and C6) carried a 
positive charge, while others exhibited a 
negative charge. For instance, in this study, 
the C2 atom demonstrated a positive charge 
because it formed a double bond with the 
electronegative N1 atom and a single bond 
with the N3 atom, both of which strongly 
attracted electron density. Meanwhile, all C 
atoms in the phenyl ring (C8, C9, C10, C11, C12, 
and C13) exhibited a negative charge, as the C 
atoms are more electronegative than the H 
atoms, causing the bonding electrons to be 
pulled toward the C atoms (Asmara & Dwi, 
2015).  
 
Statistical analysis 
      Statistical analysis was conducted to 
determine the relationship between net 
atomic charge and the biological activity of 4-
hydrazinyl-6-phenylpyrimidine-5-
carbonitrile derivatives. This analysis was 
performed using SPSS statistical software. 

Correlation analysis and multiple linear 
regression were applied to develop a QSAR 
model. The correlation analysis aimed to 
assess whether a significant relationship 
exists between net atomic charge descriptors 
and the biological activity, expressed as log 
IC₅₀ from experimental data. The 
independent variables included qN1, qC2, 
qN3, qC4, qC5, qC6, qN7, qC8, qC9, qC10, qC11, 
qC12, qC13, while the dependent variable was 
the log of the experimental IC₅₀.  
      Multiple linear regression analysis 
yielded several candidate QSAR models using 
combinations of atomic charge descriptors. 
The selection of the best model was based on 
key statistical parameters, including the 
correlation coefficient (R), coefficient of 
determination (R2), standard error (SE), 
significance level (sig), F-statistic 
(Fscore/Ftable), and Predictive Residual Sum of 
Squares (PRESS). 
 
 
 
 
 
 

 

Code 
Net Atomic Charge 

qN1 qC2 qN3 qC4 qC5 qC6 qN7 qC8 qC9 qC10 qC11 qC12 qC13 

 S1 -0.242119 0.199524 -0.295979 0.165674 -0.208634 0.165536 -0.202998 -0.064279 -0.095572 -0.130942 -0.110439 -0.138182 -0.08641 

 S2 -0.240392 0.202018 -0.295341 0.163592 -0.211289 0.163547 -0.202326 -0.062672 -0.09595 -0.131399 -0.11146 -0.138714 -0.08634 
 S3 -0.244991 0.221809 -0.300584 0.166588 -0.223411 0.166716 -0.202661 -0.062764 -0.096379 -0.132331 -0.111754 -0.139331 -0.08514 

 S4 -0.240339 0.193871 -0.24445 0.249560 -0.229818 0.167424 -0.236957 -0.065328 -0.097576 -0.131808 -0.110252 -0.13799 -0.08417 

 S5 -0.240468 0.193521 -0.244464 0.249276 -0.229988 0.167173 -0.236244 -0.065134 -0.097596 -0.131855 -0.110375 -0.138046 -0.08422 

 S6 -0.240793 0.193437 -0.244654 0.250105 -0.230941 0.166706 -0.236704 -0.064221 -0.098352 -0.131712 -0.11067 -0.137659 -0.08400 

 S7 -0.239311 0.196642 -0.243128 0.247825 -0.232491 0.165659 -0.236893 -0.063573 -0.09786 -0.132162 -0.11126 -0.138312 -0.08436 

 S8 -0.239442 0.196324 -0.243136 0.247524 -0.232657 0.165408 -0.236166 -0.06338 -0.09788 -0.132207 -0.111385 -0.138368 -0.08441 
 S9 -0.239837 0.196267 -0.243146 0.248106 -0.233528 0.164958 -0.236283 -0.062454 -0.098644 -0.132053 -0.11167 -0.137963 0.08418 

 S10 -0.246159 0.218954 -0.249792 0.252826 -0.247020 0.169736 -0.23828 -0.062235 -0.097426 -0.132153 -0.112033 -0.13858 -0.08510 
 S11 -0.24766 0.220566 -0.252299 0.259251 -0.250364 0.170357 -0.245962 -0.061349 -0.098117 -0.132108 -0.112355 -0.138252 -0.08484 

 S12 -0.246397 0.218384 -0.247649 0.24792 -0.246173 0.168658 -0.231633 -0.061858 -0.097492 -0.132222 -0.112257 -0.138686 -0.08523 
 S13 -0.242215 0.192925 -0.244173 0.250557 -0.233184 0.166421 -0.238448 -0.064128 -0.097752 -0.131971 -0.110943 -0.138222 -0.08466 

 S14 -0.240216 0.19551 -0.241095 0.245356 -0.235151 0.163901 -0.23241 -0.061712 -0.098937 -0.132205 -0.112114 -0.138044 -0.08432 
 S15 -0.247334 0.215295 -0.243230 0.244325 -0.243189 0.16522 -0.220966 -0.059597 -0.097912 -0.132651 -0.113584 -0.139027 -0.08551 
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Table 4. QSAR Model Equations 
Model Equation Descriptor 

1 Log IC50 = (-460.325) + (60.816 * qN1) - (286.999 * qC2) + (10.72 * 

qN3) + (186.354 * qC5) + (1752.148 * qC6) + (54.977 * 

qN7) + (1585.045 * qC8) + (1313.229 * qC9) - (4539.889 

* qC10 ) + (501.643 * qC12) + (4.385 * qC13) 

qN1, qC2, qN3, qC5, qC6, qN7, 

qC8, qC9, qC10, qC12, qC13 

2 Log IC50 = (-413.646) - (238.521 * qC2) + (15.516 * qN3) + 

(198.427 * qC5) + (1497.383 * qC6) + (31.575 * qN7) + 

(1376.432 * qC8) + (1288.505 * qC9) - (4291.912 * qC10) 

+ (595.909 * qC12) + (4.224 * qC13) 

qC2, qN3, qC5, qC6, qN7, qC8, 

qC9, qC10, qC12, qC13 

3 Log IC50 = (-459.511) - (235.056 * qC2) + (21.558 * qN3) + 

(219.215 * qC5) + (1548.494 * qC6) + (28.805 * qN7) + 

(1387.989 * qC8) + (1010.196 * qC9) - (3788.183 * qC10) 

+ (4.178 * qC13) 

qC2, qN3, qC5, qC6, qN7, qC8, 

qC9, qC10, qC13 

4 Log IC50 = (-460.77) - (273.97 * qC2) + (152.142 * qC5) + 

(1515.646 * qC6) + (40.876 * qN7) + (1336.426 * qC8) + 

(1082.989 * qC9) - (3789.648 * qC10) + (4.527 * qC13) 

qC2, qC5, qC6, qN7, qC8, qC9, 

qC10, qC13 

5 Log IC50 = (-415.573) - (224.759 * qC2) + (175.486 * qC5) + 

(1307.672 * qC6) + (1251.123 * qC8) + (1142.59 * qC9) - 

(3606.8 * qC10) + (3.84 * qC13) 

qC2, qC5, qC6, qC8, qC9, qC10, 

qC13 

6 Log IC50 = (-399.917) - (207.338 * qC2)+(176.922 * qC5) + 

(1241.053 * qC6) + (1190.187 * qC8) + (926.211 * qC9) - 

(3356.699 * qC10) 

qC2, qC5, qC6, qC8, qC9, qC10 

 

Table 5. Statistical Parameters of the QSAR Models 

Model R R2 Sig Fscore Ftable Fscore/ 

Ftable 

PRESS 

1 0.919 0.844 0.415 1.480 8.763 0.168 48.6458 

2 0.919 0.844 0.237 2.166 5.964 0.363 0.7324 

3 0.918 0.843 0.120 2.992 4.772 0.627 0.7357 

4 0.914 0.835 0.061 3.791 4.147 0.958 0.7760 

5 0.899 0.808 0.039 4.196 3.787 1.108 0.9043 

6 0.864 0.746 0.040 3.910 3.5805 1.092 1.1948 

      
      The analysis obtained from multiple 
linear regression using the backward method 
resulted in six QSAR equation models that 
met the specified criteria, each with R² value 
≥ 0.746. This indicates that the independent 
variables (atomic charges) had a significant 

effect on breast anticancer activity, 
explaining more than 74.6% of the variance 
in activity (J. La Kilo & Kilo, 2019). The R-
value represents the correlation between the 
dependent variable (log IC₅₀) and the 
independent variables (atomic charges), 
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while the R² value quantifies how well the 
variability in the dependent variable can be 
explained by the model (Ananto et al., 2020). 
The threshold of significance value (p-value) 
was set at 5% (0.05). Models 5 and 6 were 
statistically acceptable, with significance 
values of 0.039 and 0.040, respectively (A. La 
Kilo et al., 2019). Another evaluation 
parameter was the Fscore/Ftable. which 
assessed the overall effect of descriptors on 
the biological activity of the compound. 
Models 1 through 4 were deemed 
insignificant due to Fscore/Ftable values < 1, 
indicating that they did not meet the 
statistical criteria. Conversely, models 5 and 
6 fulfilled this requirement, having 
Fscore/Ftable values ≥ 1. As a result, these two 

models were selected for further validation 
to identify the most optimal QSAR model (J. 
La Kilo & Kilo, 2019). 
      The PRESS value represents the sum of 
squared deviations between the 
experimental IC₅₀ values and the values 
predicted by the model. A lower PRESS value 
indicates higher predictive accuracy, as the 
model's predictions closely approximate the 
actual biological activity (Fitriani et al., 
2022). Models 5 and 6 exhibited the lowest 
PRESS values, 0.9043 and 1.1948, 
respectively. Based on these statistical 
parameters, model 5 was considered the 
most robust QSAR model, incorporating 
descriptors qC2, qC5, qC6, qC8, qC9, qC10, and 
qC13. 

 
Table 6. Experimental and Predicted Log IC₅₀ Values with PRESS for QSAR Model 5 

 

Code 
Log IC₅₀ 

(Experiment) 
Log IC₅₀ 

(Prediction) 
Y-Y' (Y-Y')2 

 S1 1.841109084 1.765852715 0.075256369 0.005663521 

 S2 1.261500773 1.365553352 -0.104052579 0.010826939 

 S3 1.674217946 1.695090273 -0.020872327 0.000435654 

 S4 1.630631244 1.317716667 0.312914577 0.097915533 

 S5 1.534280005 1.427513847 0.106766158 0.011399013 

 S6 0.340444115 0.43204916 -0.091605045 0.008391484 

 S7 1.356408327 1.065116425 0.291291902 0.084850972 

 S8 0.437750563 1.159947018 -0.722196455 0.52156772 

 S9 0.808885867 0.809023993 -0.000138126 1.90787E-08 

 S10 1.110926242 0.966620101 0.144306141 0.020824262 

 S11 0.836324116 0.987197729 -0.150873613 0.022762847 

 S12 0.328379603 0.478335228 -0.149955625 0.022486689 

 S13 1.420120848 1.514332509 -0.094211661 0.008875837 

 S14 -0.060480747 -0.19311621 0.132635463 0.017592166 

 S15 1.361538971 1.09559841 0.265940561 0.070724382 

   PRESS 0.904317039 

      Additionally, validation was conducted by 
analyzing the correlation between the 
experimental log IC₅₀ values and the 
predicted log IC₅₀ values. This correlation 
was illustrated through a curve with an R² 

value of 0.8075, which was close to 1. This 
high correlation confirms the model’s ability 
to reliably predict the biological activity 
based on the selected descriptors (Fitriani et 
al., 2022). 
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Figure 4. Correlation curve between experimental and predicted log IC₅₀ values for models 1-2. 

 

 
Figure 5. Correlation curve between experimental and predicted log IC₅₀ values for models 3-4. 

 

 
 

Figure 6. Correlation curve between experimental and predicted log IC₅₀ values for models 5-6.

 
The graph in Figures 4-6 

demonstrates that the 15 compounds had 
data points closely aligned with a linear 
trend line, indicating a strong agreement 
between the predicted and experimental 
biological activity values (Fitriani et al., 
2022). Therefore, Model 5 was considered 
the most optimal QSAR equation model, as it 

possessed the lowest PRESS value and a 
correlation curve that fulfilled the necessary 
criteria. The equation was as follows: Log 
IC50 =  (-415,573) - (224,759 * qC2) + 
(175,486 * qC5) + (1307,672 * qC6) + 
(1251,123 * qC8) + (1142,59 * qC9) - (3606,8 
* qC10) + (3,84 * qC13); with n = 15, R = 0.89, 
R2 = 0.808, Fscore/Ftable = 1.002, and PRESS = 
0.9043. 
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Based on the coefficient values in 
Model 5, the order of impact was as follows: 
qC10 > qC6 > qC8 > qC9 > qC2 > qC5 > qC13. The 
largest coefficients were associated with 
qC10 (3606.8), qC6 (1307.672), qC8 
(1251.123), and qC9 (1142.59), indicating 
that slight variations in atomic charge at 
these positions had a significant effect on 
the anticancer activity of the compound.  
     Furthermore, the QSAR model allows for 
the prediction of the extent to which each 
descriptor contributes to increasing or 
decreasing biological activity (IC₅₀). A 
positive coefficient suggests a higher IC₅₀ 
value, indicating lower biological activity, 
whereas a negative coefficient implies a 
reduction in log IC₅₀, corresponding to 
improved predicted activity (Ngoc et al., 
2023). The large negative coefficient of qC10 
in Model 5 highlights its significant role in 
decreasing log IC₅₀ and thus improving 
anticancer activity (Ngoc et al., 2023). 

Based on the research conducted by 
Badawi et al. (2023), compound 14 was 
identified as having the highest anticancer 
activity among the tested compounds. 
Although its activity represented only 39% 
of erlotinib’s ability to inhibit EGFR, it was 
recognized as the most effective EGFR 
inhibitor within the series. Consequently, 
compound 14 was selected for molecular 
docking with erlotinib to the EGFR crystal 
structure to examine their interactions with 
specific amino acid residues within the 
receptor. The crystal structure of EGFR 
kinase was retrieved from the Protein Data 
Bank (PDB ID: 1M17), which contains the 
tyrosine kinase domain of EGFR complexed 
with the inhibitor erlotinib. 

Docking results revealed that 
compound 14 had a binding score of –6.71 
kcal/mol and an RMSD value of 1.86 Å. Key 
interactions included a hydrogen bond 
between the oxygen atom of the 4-
nitrophenylhydrazone moiety and the 
Lys721 residue, with an interaction distance 
of 3.27 Å. Additionally, a hydrogen bond 
was observed between the nitrile group at 
the 5-position of the pyrimidine ring and the 
Thr766 residue, with a distance of 3.50 Å. 
These interactions demonstrate how the 
compound engages with the EGFR active 

site, although its inhibitory efficacy remains 
lower compared to erlotinib. 

5-Fluorouracil (5-FU) is a pyrimidine 
analog used as an anticancer agent, 
designed to inhibit the conversion of uridine 
to thymidine by substituting the hydrogen 
at the 5-position of uracil with a fluorine 
atom. This modification produces an 
antimetabolite that forms a stable covalent 
complex with thymidylate synthase (TS) 
and its cofactor tetrahydrofolate, thereby 
inhibiting DNA synthesis, as thymidine is 
not a constituent of RNA. TS catalyzes the 
methylation of deoxyuridine 
monophosphate (dUMP) to deoxythymidine 
monophosphate (dTMP), and 5-FU disrupts 
this process by forming ternary complexes 
with TS and the cofactor. Only about 20% of 
administered 5-FU is metabolically 
activated to 5-fluoro-2′-deoxyuridylate, the 
active form that inhibits TS, while the 
majority is degraded by dihydropyrimidine 
dehydrogenase (DPD), an enzyme 
responsible for 5-FU catabolism. Variations 
in DPD activity significantly affect the drug’s 
bioavailability (Beale & Block, 2015). 

In drug design, various factors must 
be considered when modifying molecular 
structures, as biological activity is closely 
related to the molecule's three-dimensional 
configuration and electronic properties. The 
introduction of substituents can 
significantly alter the physical and chemical 
properties of a compound. A well-
constructed QSAR model can be valuable in 
designing new drug candidates with 
enhanced biological activity (Rodrigues et 
al., 2020). 

Conclusion  

The best equation in the QSAR 
analysis, conducted using 15 compounds of 
4-hydrazinyl-6-phenylpyrimidine-5-
carbonitrile derivatives and the AM1 semi-
empirical method, was as follows: Log IC50 
= (-415.573) - (224.759 * qC2) + (175.486 * 
qC5) + (1307.672 * qC6) + (1251.123 * qC8) 
+ (1142.59 * qC9) - (3606.8 * qC10) + (3.84 
* qC13); with n = 15, R = 0.899, R2 = 0.808, 
Fscore/Ftable = 1.002, and PRESS = 0.9043. 
Hence, the best descriptors of breast 
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anticancer activity were found to be the net 
atomic charges at positions C2, C5, C6, C8, 
C9, C10, and C13 (qC2, qC5, qC6, qC8, qC9, 
qC10, and qC13), which represented key 
electronic parameters. 
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