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Introduction: Pneumonia is the primary cause of mortality in preterm infants in developing nations; yet, early detection and treatment can significantly reduce mortality rates. Pharmaceutical researchers are diligently striving to identify avariety of drugs that might effectively cure pneumonia.Method: We are motivated to examine the quantitative structureproperty relationships (QSPR) of anti-pneumonia pharmaceuticals. We employed K-Banhatti topological descriptors and analyzed the findings to achieve this. For estimation of physicochemical properties of pneumonia treatment drugs we utilized linear, quadratic, cubic, and biquadratic regression analyses.Results and Conclusion: The drugs comprise linezolid, ceftabiprole, and clarithromycin, among others. Topological descriptors enable the exploration of the complexity, connectivity, and other essential attributes of molecules. The quantitative structure-property relationship (QSPR) analysis of pharmaceuticals for illness treatment employing K-Banhatti topological descriptors is an economical approach utilised by pharmaceutical researchers. We performed a QSPR analysis on 20 anti-pneumonia drugs to ascertain the most precise predictions for five properties: enthalpy, flash point, molecular weight, molar volume, and molar refractivity, employing five K-Banhatti indices. To do this, we used linear, quadratic, cubic, and biquadratic regression analyses to find links between molecules and the physical and chemical properties of drugs used to treat pneumonia. Employing molecular descriptors and regression models to investigate chemical patterns is a cost-effective and theoretical methodology.Keywords: molecular structure, anti-pneumonia drugs, physicochemical properties, topological descriptors, K-Banhatti descriptors, regression models, QSPR testing, chemical graph theory
1 INTRODUCTION
Pneumonia is an infectious disease and is frequently induced by bacterial, viral, or fungal infections that specifically affect the lungs, leading to inflammation of the alveoli (Scotta et al., 2019). Common bacterial agents include Streptococcus pneumoniae and Haemophilus influenzae, while viral agents may include the influenza virus, respiratory syncytial virus (RSV), and coronaviruses (Marangu and Zar, 2019). Pneumonia transmission occurs via inhalation of airborne droplets from coughs or sneezes, direct contact with infected individuals, or by touching contaminated objects and then contacting the face.
Each year, around two million children under 5 years old succumb to pneumonia in developing countries, primarily due to infections caused by streptococcus or the influenza virus (Singh and Aneja, 2011; Leung et al., 2018). Pneumonia ranks among the primary causes of mortality and morbidity in children globally. Pneumonia is a sudden respiratory infection caused by various organisms, impacting management strategies in the developing world (Shann, 1995). Lungs exhibit swelling of the airway sacs and pleural effusion, which occurs when the lung is infiltrated with fluid. Pneumonia impacts 10 to 15 percent of children with respiratory issues. Underdeveloped and rising nations are predisposed to elevated pneumonia rates due to factors such as overcrowding, pollution, unsanitary environmental conditions, and restricted access to healthcare (Wojsyk-Banaszak and Breeborowicz, 2013; Wardlaw et al., 2006).
Pneumonia in toddlers under the age of two is especially perilous. The lack of adequate immunizations and limited access to healthcare services in several impoverished communities in developing and underdeveloped nations results in undetected pneumonia, thereby exacerbating respiratory conditions (Rudan et al., 2004). Over the past 10 years, the number of cases and severity of pneumonia in children, as well as their death rates, have gone down significantly. This is because the economy is better, care is better, more effective treatment and prevention strategies are used, and more vaccinations are made available, especially the combination vaccines against pneumococcal disease (PCV) and hepatitis B. Survival rates have markedly improved since the 20th century due to advancements in immunisations and pharmaceuticals (Madhi et al., 2008; Scelfo et al., 2021). Moreover, increasing evidence associates childhood pneumonia and lower respiratory tract infections (LRTIs) with diminished lung capacity in early childhood and an escalation of long-term, latent respiratory conditions in both children and adults, such as asthma and chronic bronchitis (Munywoki et al., 2013). The illness can be classified based on its origin, such as community-acquired or hospital-acquired pneumonia (Venditti et al., 2009).
Pneumonia is treatable with various medications. Potentially appropriate medications include beta-lactams such as penicillin and amoxicillin in combination with a macrolide, or fluoroquinolone antibiotics like Levaquin (Garau, 2005). Macrolide antibiotics, including tetracycline, azithromycin, and clarithromycin, may serve as initial treatment options (Alvarez-Elcoro and Enzler, 1999; Sood, 1999). Adverse events associated with ceftobiprole in patients indicated that the medication demonstrated an acceptable safety profile (Liapikou et al., 2015).
Despite the discovery of antibiotics, the prevalence of pneumonia has likely remained relatively stable over the past century; however, the overall mortality rate has significantly decreased. Determining the responsible pathogen may present challenges. Diagnosis may be confirmed through blood tests, sputum culture, and chest X-rays (Parveen and Sathik, 2011). Symptoms and a physical examination are commonly employed to establish a diagnosis. Potential symptoms include (Harari et al., 1991): Expectoration of greenish or yellow mucus, or potentially bloody mucus, may occur. Productive cough with phlegm production, Dyspnoea, Fever and anorexia. Figure 1 shows the pneumonia infection.
[image: Figure 1]FIGURE 1 | Pneumonia in children.
According to the chemical theory of graphs, atoms are represented as vertices of a graph, and the bonds that bind them together are described as edges (Khan et al., 2024a). A graph [image: image] is characterized as a pair of [image: image] is a set of connected vertices with components known as edges, and [image: image] is a collection of items known as vertices (Khan et al., 2023a). The degree of any vertex [image: image], denoted by the symbol [image: image], is expressed as the number of vertices that are close to it. One type of structural descriptor that may be determined using a chemical substance’s molecule network is a topological indicator (Dehmer et al., 2010; Khan et al., 2025). Chemical graph theory is a branch of graph theory that combines chemical models mathematically (Khan et al., 2024b). It emphasizes topological aspects that are directly associated with molecular chemical properties (Galvez et al., 2011).
A topological descriptor is a distinctive number that characterizes the intrinsic structure of the molecular graph. In QSPR and QSAR, scientists use numerical parameters from a chemical graph network. Its uses are increasing in medication design. Wiener pioneered the concept of topological descriptors with the distance base topological descriptor (Hayat, 2017). Husin et al. (2015) discuss Zagreb polynomials and topological indices for a synthesized molecule composed of branched units known as monomers. In Vijay et al. (2023), the study focused on the vertex version of the distance-based topological indices, the entropy of the topological indices and their numerical analysis of aluminophosphates. Fathi et al. (2024) examined topological indices based on valency, induced by quantitative structural relationships, to predict the structural properties of Ni tetrathiafulvalene tetrathionate (NiTTFtt) in a 2D sheet configuration.
A molecular structure’s topological index gives numerical values that are useful for property prediction. Topological descriptors are useful tools for researchers who want to figure out the different topological properties of drugs (Hakami et al., 2024), networks (Chu et al., 2023; Khan et al., 2024c), and materials (Imran et al., 2023; Khan et al., 2023b). Numerous researchers have investigated different topological descriptors of material-related networks in Hakami et al. (2025), Khan et al. (2024d), Khan et al. (2024e) and the estimation of physical and chemical properties of various drugs in Husin et al. (2024). Nadeem et al. put forward the QSPR idea on babesiosis drugs (Awan et al., 2025) and antimalarial compounds modeling results depict the clear picture (Awan et al., 2024) said disease efficiently. Fozia made a great contribution to cardiac (Bashir Farooq et al., 2022) drugs and blood cancer (Nasir et al., 2022) and Sobia done QSPR application of infertility Drugs (Sultana, 2023) modeling is done.
2 MATERIAL AND METHODOLOGY
The current study examines the following anti-pneumonia drugs: Linezolid [image: image], Tetracycline [image: image], Tazobactam [image: image], Amoxicillin [image: image], Cefaclor [image: image], Ceftriaxone[image: image], Avibactam [image: image], Lefamulin [image: image], Clarithromycin [image: image], Levaquin[image: image] Cefpodoxime [image: image], Doxycycline [image: image], Omadacycline [image: image], Penicillin [image: image], Cefuroxime[image: image], Carbapenem [image: image], Erythromycin[image: image], Ceftobiprole [image: image], Moxifloxacin [image: image] and Unasyn [image: image] are examined. Additionally, we sourced the drugs, their chemical formulas, and their physical and chemical properties from https://www.chemicalbook.com/. In this study, anti-pneumonia medications are shown by plain graphs in Figure 2. The drug’s topological indices are computed using vertex division, edge division, and edge degree algorithms. The degree of edge [image: image] is represented by [image: image] and
[image: image]
[image: Figure 2]FIGURE 2 | Chemical structures of anti-pneumonia drugs (a) linezolid (b) tetracycline (c) tazobactam (d) amoxicillin (e) cefaclor (f) ceftriaxone (g) avibactam (h) lefamulin (i) levaquine (j) clarithromycin (k) cefpodoxime (l) doxycycline (m) omadacycline (n) penicillin (o) cefuroxime (p) carbapenem (q) unasyn (r) erythromycin (s) ceftabiprole (t) moxifloxacin.
The graph’s greatest and lowest degree can be expressed by [image: image] and [image: image]. Equations 1–5 offer formulae for descriptors which will be used in the sequel.
The first [image: image]-Banhatti descriptor is defined as (Mahboob et al., 2022)
[image: image]
The second [image: image]-Banhatti descriptor is defined as (Ghani et al., 2022)
[image: image]
The first Hyper [image: image]-Banhatti descriptor (Kulli, 2016)
[image: image]
The second Hyper [image: image]-Banhatti descriptor (Almalki and Tabassum, 2024)
[image: image]
The [image: image]-Banhatti Harmonic descriptor (Anjum and Safdar, 2019)
[image: image]
3 RESULTS
In this study, we compute topological descriptor values using two-dimensional graphs of pneumonia treatment drugs. We used various methods, including edge dividing, vertex degree evaluation, and edge degree methodology, to calculate the [image: image]-Banhatti descriptors. Edge division and edge degree of Linezolid are presented in Table 1. [image: image]-Banhatti descriptors may be calculated as indicated below.
TABLE 1 | Edge division and edge degree of Linezolid.
[image: Table 1]3.1 [image: image]-Banhatti descriptors for linezolid [image: image]
The following linezolid results were obtained by utilizing Equations 1–5; Table 1.
• First [image: image]-Banhatti descriptor
[image: image]

• Second [image: image]-Banhatti descriptor
[image: image]

• First Hyper [image: image]-Banhatti descriptor
[image: image]

• Second Hyper [image: image]-Banhatti descriptor
[image: image]

• Harmonic [image: image]-Banhatti descriptor
[image: image]
3.2 [image: image]-Banhatti descriptors for Unasyn [image: image]
The following Unasyn results were obtained by utilizing Equations 1–5; Table 2.
[image: image]
[image: image]
[image: image]
[image: image]
[image: image]
TABLE 2 | Edge division and edge degree of Unasyn.
[image: Table 2]3.3 [image: image]-Banhatti descriptors for Cefuroxime [image: image]
The following Cefuroxime results were obtained by utilizing Equations 1–5; Table 3
[image: image]
[image: image]
[image: image]
[image: image]
[image: image]
TABLE 3 | Edge division and edge degree of Cefuroxime.
[image: Table 3]3.4 [image: image]-Banhatti descriptors for Avibactam [image: image]
The following Avibactam results were obtained by utilizing Equations 1–5; Table 4.
[image: image]
[image: image]
[image: image]
[image: image]
[image: image]
TABLE 4 | Edge division and edge degree of Avibactam.
[image: Table 4]Remark 1. Other [image: image]-Banhatti topological descriptors of pneumonia treatment drugs are computed in a similar way as computed above, and their values are presented in Table 5.
TABLE 5 | Computational values of [image: image]-Banhatti Descriptors of Anti-Pneumonia Drugs.
[image: Table 5]4 QUANTITATIVE STRUCTURE-PROPERTY RELATION ANALYSIS OF ANTI-PNEUMONIA DRUGS
The QSPR analysis and Topological descriptor exhibit a significant association, indicating a strong connection between the disease’s physical and chemical attributes. To forecast the relationship between a molecule’s structure and its behaviour or characteristics, [image: image] algorithms are utilized. Several methods have been developed and used in [image: image] research during the last few decades. By the use of the statistical factors ([image: image] and [image: image]), the prediction will be verified. In real life, topological descriptors that have an actual coefficient of correlation below 0.8 are regarded as worthless. Applying linear, quadratic, cubic, and bi-quadratic regression analyses, we demonstrate the strong relationship between the attributes derived from associated topological descriptors and the physical qualities of the medications. The regression model’s quality is demonstrated by the greater [image: image] value, which is very near to 1. [image: image] Models Like Linear Models are shown in Figures 3–5, quadratic models are shown in Figures 6–8, cubic models are shown in Figures 9, 10, and in Figure 11 and biquadratic models are shown in Figures 12–14.
[image: Figure 3]FIGURE 3 | [image: image] Models of Enthalpy of Vaporization for Pneumonia Treatment Drugs.
[image: Figure 4]FIGURE 4 | [image: image] models of molar refraction and molar volume for pneumonia treatment drugs.
[image: Figure 5]FIGURE 5 | LR models of flash point and molar weight for pneumonia treatment drugs.
[image: Figure 6]FIGURE 6 | [image: image] models of enthalpy of vaporization for pneumonia treatment drugs.
[image: Figure 7]FIGURE 7 | QR models of molar refraction and molar volume for pneumonia treatment drugs.
[image: Figure 8]FIGURE 8 | QR models of flash point and molar weight for pneumonia treatment drugs.
[image: Figure 9]FIGURE 9 | CR models of enthalpy of vapourization for pneumonia treatment drugs.
[image: Figure 10]FIGURE 10 | CR models of molar refraction and molar volume for pneumonia treatment drugs.
[image: Figure 11]FIGURE 11 | CR models of flash point and molar weight for pneumonia treatment drugs.
[image: Figure 12]FIGURE 12 | [image: image] models of enthalpy of vaporization for pneumonia treatment drugs.
[image: Figure 13]FIGURE 13 | [image: image] models of molar refraction and molar volume for pneumonia treatment drugs.
[image: Figure 14]FIGURE 14 | [image: image] models of flash point and molar weight for pneumonia treatment drugs.
4.1 Linear regression analysis
The correlation between some [image: image]-Banhatti topological descriptors and the physical characteristics of different medications taken to treat pneumonia, as shown in Table 6, is obtained by employing the Linear regression framework:
[image: image]
While [image: image] is the drug’s physical attribute [image: image] is constant, [image: image] the value of the regression coefficient, and [image: image] is the topological descriptor. Using Equation 6, the linear regression models for the given [image: image]-Banhatti topological descriptors and physicochemical properties are formulated as follows:
TABLE 6 | Physicochemical properties of anti-pneumonia drugs.
[image: Table 6]4.2 Quadratic regression analysis
The correlation between some [image: image]-Banhatti topological descriptors and the physical characteristics of different medications taken to treat pneumonia as shown in Table 6, is obtained by employing the quadratic regression framework:
[image: image]
While [image: image] is the drug’s physical attributes [image: image] are constants, [image: image] is the value of the regression coefficient [image: image] is the topological descriptor. Using Equation 7, the quadratic regression models for the topological descriptors given [image: image] -Banhatti and the physicochemical properties are formulated as follows:
4.3 Cubic regression analysis
The correlation between some [image: image]-Banhatti topological descriptors and the physical characteristics of different medications taken to treat pneumonia, as shown in Table 6, are obtained by employing the cubic regression framework:
[image: image]
While [image: image] the drug’s physical attribute, [image: image] are constants, [image: image] is a constant, the value of the regression coefficient, and [image: image] is the topological descriptor. Using Equation 8, the cubic regression models for the given [image: image]-Banhatti topological descriptors and physicochemical properties are formulated as follows:
4.4 Biquadratic regression analysis
The correlation between some [image: image]-Banhatti topological descriptors and the physical characteristics of different medications taken to treat pneumonia, as shown in Table 6, is obtained by employing the biquadratic regression framework:
[image: image]
While [image: image] is the drug’s physical attributes [image: image] are constants, [image: image] is the value of the regression coefficient [image: image] is the topological descriptor. Using Equation 9, the biquadratic regression models for the given [image: image]-Banhatti topological descriptors and physicochemical properties are formulated as follows:
4.5 Mathematical models for linear regression
This subsection provides mathematical models obtained after incorporating QSPR analysis.
• First [image: image]-Banhatti Descriptor
[image: image]
[image: image]
[image: image]
[image: image]
[image: image]

• Second [image: image]-Banhatti descriptor
[image: image]
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• First Hyper [image: image]-Banhatti descriptor
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[image: image]
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• Second Hyper [image: image]-Banhatti Descriptor
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[image: image]

• Harmonic [image: image]-Banhatti Descriptor
[image: image]
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4.6 Mathematical models for quadratic regression
This subsection provides mathematical models obtained after incorporating QSPR analysis.
• First [image: image]-Banhatti Descriptor
[image: image]
[image: image]
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[image: image]
[image: image]

• Second [image: image]-Banhatti descriptor
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• First Hyper [image: image]-Banhatti descriptor
[image: image]
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• Second Hyper [image: image]-Banhatti Descriptor
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[image: image]

• Harmonic [image: image]-Banhatti Descriptor
[image: image]
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4.7 Mathematical models for cubic regression
This subsection provides mathematical models obtained after incorporating QSPR analysis.
• First [image: image]-Banhatti Descriptor
[image: image]
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[image: image]
[image: image]

• Second [image: image]-Banhatti descriptor
[image: image]
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[image: image]
[image: image]

• First Hyper [image: image]-Banhatti descriptor
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• Second Hyper [image: image]-Banhatti Descriptor
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• Harmonic [image: image]-Banhatti Descriptor
[image: image]
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4.8 Mathematical models for biquadratic regression
This subsection provides mathematical models obtained after incorporating [image: image] analysis.
• First [image: image]-Banhatti Descriptor
[image: image]
[image: image]
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• Second [image: image]-Banhatti Descriptor
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• First Hyper [image: image]-Banhatti Descriptor
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• Second Hyper [image: image]-Banhatti Descriptor
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[image: image]

• Harmonic [image: image]-Banhatti Descriptor
[image: image]
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5 DISCUSSIONS
The correlation evaluation specifies the proportion of the connection and offers additional details regarding the association of parameters. Squaring the correlation coefficient yields the correlation of determination [image: image]. In Table 7 correlation coefficients are given. The [image: image] descriptor for molecular weight is not best fitted for any model because for this desriptor correlation value is below 0.8. The [image: image] descriptor provides the highest correlation coefficient for Enthalpy of vaporization [image: image] for Biquadratic regression, [image: image] descriptor provides the highest correlation coefficient for molar Refraction [image: image] for biquadratic regression, [image: image] descriptor provides the highest correlation coefficient for molar volume [image: image] for biquadratic regression. The [image: image] descriptor has the strongest correlation coefficient for flash point (0.9661) for Biquadratic regression, and [image: image] the descriptor provides the highest correlation coefficient [image: image] for Cubic and Biquadratic regression. Moreover, Table 7 highlights the highest correlation value against each property and descriptor for every model for ready reference.
TABLE 7 | Correlation coefficient ([image: image]) of physicochemical properties for Linear, Quadratic, Cubic, and Biquadratic regression model for [image: image] Banhatti Descriptors.
[image: Table 7]6 CONCLUDING REMARKS
This research employs [image: image]-Banhatti topological descriptors derived from pharmaceutical chemical graphs to develop QSPR models for pneumonia therapeutics. The testing of our model shows that it can make predictions, which suggests that it could be a useful tool for guiding the research into drug therapies for pneumonia. In this paper, the [image: image]-Banhatti descriptors were computed. We utilized the quantitative method by expanding the [image: image]-Banhatti topological descriptors for the estimation of the physicochemical properties of medications for pneumonia. This work employed linear, quadratic, cubic, and biquadratic regressions to evaluate the relationship between properties and the [image: image]-Banhatti descriptors. The correlation between physicochemical properties and our findings is represented in Table 7, which implies that every model for properties was determined to be valid and provide a good correlation. The findings give an economical and scientific basis for developing novel medicines having comparable designs for greater effect and therapy. The study suggests that pharmacists and scientists can build anti-pneumonia medications based on such topological descriptors. We have discovered that topological descriptors have a correlation coefficient, suggesting that we can combine medications with an elevated correlation to create novel medications. Below are some of the best approximations from this study.
• Best approximated result for Linear, Quadratic, Cubic, and Biquadratic regression for Enthalpy of vaporization
[image: image]
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• Best approximated result for Linear, Quadratic, Cubic, and Biquadratic regression for Flash point
[image: image]
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• Best approximated result for Linear, Quadratic, Cubic, and Biquadratic regression for Molar refraction
[image: image]
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• Best approximated result for Linear, Quadratic, Cubic, and Biquadratic regression for Molar volume
[image: image]
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• Best approximated result for Linear, Quadratic, Cubic, and Biquadratic regression for Molar weight
[image: image]
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For this study, the cubic and Biquadratic regressions give more reliable results as compared to linear and quadratic. From these models and Table 7, we have oder of reliability:
[image: image]
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