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ABSTRACT
Herbal glycosides possess a wide variety of pharmacological actions, and hence accurate determination of their physicochemical properties is required to facilitate drug research. This study derives quantitative structure-property relationship (QSPR) models using degree based topological indices in terms of the First Zagreb Index M1(G), Second Zagreb index M2(G), Forgotten index F(G), Sum-connectivity index S(G), Yemen index Y(G), and the Degree index D(G) indices to predict the Boiling Point (BP), Flash Point (FP), Polarizability (P), Surface Tension (ST), and Molar Volume (MV) of a set of herbal glycosides. A boiling point, polarizability, and molar volume are strongly correlated as comes out in the linear regression analysis (R2 > 0.90, p< 0.01) and thus demonstrating the adequacy of the molecular graph descriptors in predicting these properties. The predictions of flash point and surface tension were support moderately correlated, which indicates that more descriptors need to be included. These results support the validity of topological indices as useful structure-based descriptors in the QSPR modelling that allows efficient and accurate prediction of physicochemical properties that are important in phytopharmaceuticals.
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1. INTRODUCTION AND TERMINOLOGIES  

The secondary metabolite compounds of plants (Herbal Glycoside) are of distinctive importance in traditional and contemporary pharmacology, owing to their variable biological activities, such as anti-inflammatory and anticancer effects, antioxidant, etc. (Camangian & Rivera, 2020; Kahn, 1990).  Their pharmacokinetics is an essential aspect to determine, and knowledge about their physicochemical attributes is a critical part of enhancing their use of pharmaceuticals (Panche et al., 2016). Methods of performing such measurements are time-consuming, labour intensive and expensive when large libraries of compounds are involved (Katritzky et al., 1995)

The most effective and trusted system to associate molecular structure with important physiochemical properties is through computational approached, especially the use of quantitative structure-property relationship (QSPR) modelling (Liu & Long, 2009). There are numerous molecular descriptors, but among them, degree-based topological indices, which are obtained based on the graph theoretical features of a molecule, have proved to be useful in QSPR studies on diverse chemical classes, but have not been as frequently applied in herbal glycoside (Das et al., 2016; Li et al., 2025). It implements a package of topological indices, such as the First Zagreb Index M1(G), Second Zagreb index M2(G), Forgotten index F(G), Sum-connectivity index S(G), Yemen index Y(G), and the Degree index D(G) to predict physicochemical behaviour of the herbal glycosides by employing linear regression models. This study aims to harness topological indices in conjunction with regression modelling to accurately predict the physiochemical properties of herbal glycosides.

[bookmark: _Hlk200016216]In theoretical chemistry and cheminformatics, drug molecules can be effectively abstracted as molecular graphs denoted by G=(V, E), where vertices (V) represent atoms in the molecule and edges € represent chemical bonds between pairs of atoms. The molecular graphs considered in the study are simple graphs, which means they do not include loops (edges connecting an atom to itself) or multiple edges between the same pair of vertices. These graphs typically represent acyclic molecular structures, characteristic of many drug molecules (Priyadharsini et al., 2024). In this work, the study utilizes several degree-based topological indices that are widely recognized for their ability to characterize molecular structure. These indices are defined as follows;

Definition 1. The first and second Zagreb indices are proposed by (Gutman & Trinajstić, 1972), as

                                                     



Definition 2. The Forgotten index is proposed by (Furtula & Gutman, 2015), as
                                                     


Definition 3. The Sum – Connectivity index is proposed by (Zhou & Trinajstić, 2010), and
                    


Definition 4. Yemen index have been introduced more than thirty years ago by A.A Naggar (Nagarajan & Durga, 2023)
                     


Definition 5. Degree index D(G) is proposed by (Nagarajan & Durga, 2024) 
                    



2. DEGREE BASED TOPOLOGICAL INDICES IN QSPR STUDIES

In this study, six degree-based topological indices were analyzed: the First Zagreb index M1(G), Second Zagreb M2(G), Forgotten index F(G), Sum-connectivity index S(G), Yemen index Y(G) and Degree index D(G). 

These indices were employed to model five key physicochemical properties of selected herbal glycosides: Boiling Point (BP), Flash Point (FP), Polarizability (P), Surface Tension (ST), and Molar Volume (MV). The experimental values for these properties were sourced from the ChemSpider database. The computed values of the topological indices, along with the experimental data for the six selected herbal glycosides (Figure 1), are systematically presented in Table 1.

Figure 1: Molecular Structures of Herbal Glycosides
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Table 1: Experimental Physicochemical properties of selected Herbal Glycoside
	Drugs
	Physico-chemical properties

	
	Boiling Point
	Flash Point
	Polarizability
	Surface Tension
	Molar Volume

	Aloe-emodin
	568.8
	311.9
	27.3
	88.5
	169.7

	Chrysophanol
	489.5
	263.9
	26.7
	73.1
	172.2

	Emodin
	586.9
	322.8
	27.4
	85.4
	170.6

	Rhein
	597.8
	329.4
	27.5
	94.9
	168.5

	Hypericin
	930.1
	530.1
	56.5
	150.3
	263.4

	Sennoside-A
	1144.8
	348.6
	80.9
	107.2
	494.9



Table 2: Computed Degree-based topological indices of selected Herbal Glucoside
	Drugs
	Topological Indices values

	
	M1(G)
	M2(G)
	FC(G)
	YC(G)
	B(G)
	S(G)

	Aloe-emodin
	107
	181
	291
	811
	18,461
	1926

	Chrysophanol
	108
	138
	296
	840
	21,056
	1847

	Emodin
	109
	132
	293
	823
	20,393
	2369

	Rhein
	116
	143
	316
	896
	23716
	2596

	Hypericin
	242
	321
	690
	2018
	53010
	5970

	Sennoside-A
	341
	415
	933
	2611
	66753
	7689




Analysis of the table 1 and table 2 with regards to experimental physicochemical parameters like boiling point, polarizability, and molar volume shows great disparity between those parameters, which are relevant to the topological indices corresponding to each compound. Smaller molecules, such as Hypericin and Sennoside-A, show much greater values than physicochemical as well as topological values, thus showing the sensitivity of the indices to molecular size and connectivity.

Table 3: Correlation coefficients 
	Indices / Properties 
	Boiling Point
	Flash Point
	Polarizability
	Surface Tension
	Molar Volume

	M1(G)
	.990**
	.510
	.999**
	.627
	.962**

	M2(G)
	.981**
	.558
	.986**
	.674
	.932**

	F(G)
	.990**
	.541
	.998**
	.656
	.950**

	Y(G)
	.989**
	.573
	.994**
	.683
	.937**

	D(G)
	.987**
	.595
	.988**
	.703
	.924**

	S(G)
	.995**
	.604
	.987**
	.710
	.924**


** Correlation is significant at the 0.01 level (2-tailed). 

The table 2 showed that there were very strong and significant positive correlations R valued more than 0.98 and p value less than 0.01 between the topological indices and some properties like molar volume, boiling point and polarizability and this shows that the indices were most effective in capturing the topological structural features affecting the properties. The associations with flash point and surface tension are weaker, though (R~0.5-0.7) and less consistent, which may indicate that they also should be modelled using other qualities besides graph-based degree indices. In general, these finding supported the use of these degree-based topological indices as effective molecular descriptors in QSPR modelling with respect to physicochemical behaviour of herbal glycosides with the high correlation values of boiling point, polarizability as well as molar volume.

3. REGRESSION MODEL

The results in the correlation matrix point towards the data being almost normally distributed, hence the reasoning to use a linear regression analysis to determine the relative relationship between degree based topological indices and physicochemical properties of liver cancer drugs. The linear regression model used in this research can be adopted in the general form as; 

PP= a + b (ti) ------- (1)

Where, PP denotes the Physicochemical property, a is a regression intercept (constant), b represents the regression coefficient, and ti referes to the value of the degree-based topological index. 

The regression models were performed using SPSS software, based on the value of five physicochemical properties and six degree-based topological indices for the selected liver cancer drugs. By applying equation (1), the study developed a series of linear regression models corresponding to each of the defined topological indices. These tables and models are presented as follows;

Table 4: Statistical specifications for the linear QSPR model for M1(G)
	Physical properties
	N
	R
	R2
	Adj R2
	SE
	a 
	b 
	F
	p
	Results 

	BP
	6
	.990
	.980
	.974
	41.32
	279.028
	2.584
	191.138
	.000
	S

	FP
	6
	.510
	.260
	.075
	88.620
	270.061
	.475
	1.406
	.301
	NS

	P
	6
	.999
	.999
	.998
	.922
	1.814
	.230
	3045.541
	.000
	S

	ST
	6
	.627
	.394
	.242
	23.607
	70.556
	.172
	2.598
	.182
	NS

	MV
	6
	.962
	.925
	.907
	39.803
	23.590
	1.269
	49.645
	.002
	S


Source: Calculated value 


The table 4 indicates that the regression model is boiling point (BP) = 279.028+ 2.584(M1(G)). This model accounted for 98 (R2 = 0.980) percent of the variation and a highly significant F-statistic (F = 191.14, p<0.001), a strong relationship existed between M1(G) and boiling point. Much the same, the polarizability (P = 1.814+ 0.230(M1(G)) and the molar volume (MV = 23.590+ 1.269(M1(G)) also had exceptionally high R2 values (R2 = 0.999 and R2 = 0.925, respectively), and p-values that are also highly significant, continuing the result that M1(G) is an exceptional predictor of these properties. The model fit is however poor (R2 < 0.4, p > 0.05) in case of flash point (FP), surface tension (ST) and no prediction can be given.

Table 5: Statistical specifications for the linear QSPR model for M2(G)
	Physical properties
	N
	R
	R2
	Adj R2
	SE
	a 
	b 
	F
	p
	Results 

	BP
	6
	.981
	.963
	.953
	55.854
	245.577
	2.139
	102.817
	.001
	S

	FP
	6
	.558
	.311
	.139
	85.518
	254.924
	.434
	1.806
	.250
	NS

	P
	6
	.986
	.972
	.965
	4.287
	-.954
	.189
	137.026
	.000
	S

	ST
	6
	.674
	.454
	.317
	22.407
	65.708
	.154
	3.323
	.142
	NS

	MV
	6
	.932
	.869
	.837
	52.676
	12.348
	1.026
	26.629
	.007
	S


Source: Calculated value 

The table 5 indicates that the regression model is boiling point (BP) = 245.577+ 2.139(M2(G)). This model accounted for 96.3 (R2 = 0.963) percent of the variation and a highly significant F-statistic (F = 102.817, p<0.001), a strong relationship existed between M2(G) and boiling point. Much the same, the polarizability (P = -0.954+ 0.189(M2(G)) and the molar volume (MV = 12.348+ 1.026(M2(G)) also had exceptionally high R2 values (R2 = 0.972 and R2 = 0.869, respectively), and p-values that are also highly significant, continuing the result that M2(G) is an exceptional predictor of these properties. The model fit is however poor (R2 < 0.311, p > 0.05) in case of flash point (FP), surface tension (ST) and no prediction can be given.

Table 6: Statistical specifications for the linear QSPR model for F(G)
	Physical properties
	N
	R
	R2
	Adj R2
	SE
	a 
	b 
	F
	p
	Results 

	BP
	6
	.990
	.981
	.976
	40.142
	284.025
	.927
	202.806
	.000
	S

	FP
	6
	.541
	.293
	.116
	86.632
	266.127
	.181
	1.657
	.267
	NS

	P
	6
	.998
	.995
	.994
	1.780
	2.351
	.082
	814.224
	.000
	S

	ST
	6
	.656
	.430
	.287
	22.895
	69.608
	.064
	3.014
	.158
	NS

	MV
	6
	.950
	.903
	.879
	45.297
	28.726
	.449
	37.421
	.004
	S


Source: Calculated value 

The table 6 indicates that the regression model is boiling point (BP) = 284.025+ 0.927(F(G)). This model accounted for 98.1 (R2 = 0.981) percent of the variation and a highly significant F-statistic (F = 202.806, p<0.001), a strong relationship existed between F(G) and boiling point. Much the same, the polarizability (P = 2.351+ 0.082(F(G)) and the molar volume (MV = 28.726+ 0.449(F(G)) also had exceptionally high R2 values (R2 = 0.995 and R2 = 0.903, respectively), and p-values that are also highly significant, continuing the result that F(G) is an exceptional predictor of these properties. The model fit is however poor (R2 < 0.293, p > 0.05) in case of flash point (FP), surface tension (ST) and no prediction can be given.

Table 7: Statistical specifications for the linear QSPR model for Y(G)
	Physical properties
	N
	R
	R2
	Adj R2
	SE
	a 
	b 
	F
	p
	Results 

	BP
	6
	.989
	.979
	.974
	41.773
	284.982
	.326
	186.969
	.000
	S

	FP
	6
	.573
	.328
	.160
	84.449
	261.292
	.067
	1.954
	.235
	NS

	P
	6
	.994
	.988
	.985
	2.794
	2.544
	.029
	328.033
	.000
	S

	ST
	6
	.683
	.467
	.334
	22.134
	68.365
	.024
	3.505
	.134
	NS

	MV
	6
	.937
	.878
	.847
	50.918
	32.009
	.156
	28.781
	.006
	S


Source: Calculated value 

The table 6 indicates that the regression model is boiling point (BP) = 284.982+ 0.326(Y(G)). This model accounted for 97.9 (R2 = 0.979) percent of the variation and a highly significant F-statistic (F = 186.969, p<0.001), a strong relationship existed between Y(G) and boiling point. Much the same, the polarizability (P = 2.544+ 0.029(Y(G)) and the molar volume (MV = 32.009+ 0.024(Y(G)) also had exceptionally high R2 values (R2 = 0.988 and R2 = 0.878, respectively), and p-values that are also highly significant, continuing the result that Y(G) is an exceptional predictor of these properties. The model fit is however poor (R2 < 0.328, p > 0.05) in case of flash point (FP), surface tension (ST) and no prediction can be given.

Table 8: Statistical specifications for the linear QSPR model for D(G) 
	Physical properties
	N
	R
	R2
	Adj R2
	SE
	a 
	b 
	F
	p
	Results 

	BP
	6
	.987
	.973
	.967
	47.187
	301.749
	.012
	145.659
	.000
	S

	FP
	6
	.595
	.354
	.193
	82.780
	261.097
	.003
	2.196
	.212
	NS

	P
	6
	.988
	.976
	.970
	3.937
	4.143
	.001
	163.166
	.000
	S

	ST
	6
	.703
	.495
	.368
	21.554
	68.607
	.001
	3.914
	.119
	NS

	MV
	6
	.924
	.854
	.817
	55.755
	42.226
	.006
	23.340
	.008
	S


Source: Calculated value 

The table 6 indicates that the regression model is boiling point (BP) = 301.749+ 0.012(D(G)). This model accounted for 97.93(R2 = 0.973) percent of the variation and a highly significant F-statistic (F = 145.659, p<0.001), a strong relationship existed between D(G) and boiling point. Much the same, the polarizability (P = 4.143+ 0.001(D(G)) and the molar volume (MV = 42.226+ 0.006(D(G)) also had exceptionally high R2 values (R2 = 0.976 and R2 = 0.854, respectively), and p-values that are also highly significant, continuing the result that D(G) is an exceptional predictor of these properties. The model fit is however poor (R2 < 0.354, p > 0.05) in case of flash point (FP), surface tension (ST) and no prediction can be given.

Table 9: Statistical specifications for the linear QSPR model for S(G) 
	Physical properties
	N
	R
	R2
	Adj R2
	SE
	a 
	b 
	F
	p
	Results 

	BP
	6
	.995
	.990
	.988
	28.753
	332.233
	.104
	399.088
	.000
	S

	FP
	6
	.604
	.365
	.206
	82.092
	267.136
	.022
	2.301
	.204
	NS

	P
	6
	.987
	.975
	.968
	4.057
	7.153
	.009
	153.428
	.000
	S

	ST
	6
	.710
	.504
	.380
	21.354
	70.867
	.008
	4.063
	.114
	NS

	MV
	6
	.924
	.855
	.818
	55.570
	58.103
	.049
	23.522
	.008
	S


Source: Calculated value 
 
The table 6 indicates that the regression model is boiling point (BP) = 332.233+ 0.104(S(G)). This model accounted for 99.0 (R2 = 0.990) percent of the variation and a highly significant F-statistic (F = 399.088, p<0.001), a strong relationship existed between S(G) and boiling point. Much the same, the polarizability (P = 7.153+ 0.009(S(G)) and the molar volume (MV = 58.103+ 0.049(S(G)) also had exceptionally high R2 values (R2 = 0.975 and R2 = 0.855, respectively), and p-values that are also highly significant, continuing the result that S(G) is an exceptional predictor of these properties. The model fit is however poor (R2 < 0.354, p > 0.05) in case of flash point (FP), surface tension (ST) and no prediction can be given.
[bookmark: _Hlk205038825]
4. CONCLUSION

The study concludes that topological descriptors such as the first and second Zagreb, forgotten, Yemen, degree and sum-connectivity indices among others based on degree are strong molecular parameters in predicting important physicochemical properties of herbal glycosides. Regression models with the boiling point, polarizability, and molar volume using these indices have been created, and the results showed their high significance (p<0.01) and effectiveness (coefficients of determination R2 are in the range of 0.85 to 0.91), once again proving the efficiency of the structural graph-theoretical methods in QSPR studies. 

The fact that these descriptors by themselves did not make enough of a prediction to be useful in the prediction of flash point and surface tension explains the complexity of such properties and the necessity to combine other molecular or environmental factors when looking to do comprehensive modelling. In spite of this, the index-based method is efficient to rapidly determine crucial physicochemical information of glycosides at a low cost to speed up the characterization of these compounds and simplify rational drug design in phytochemistry. 

Subsequent studies must leverage a larger size of data with a variety of glycosides and consider multivariate or machine learning-based QSPRs that involve 3D structural descriptors and electronics properties to generate a greater predictive power of all the physicochemical characteristics. The inference techniques and results provide a useful paradigm of cheminformatics-based phytopharmaceutical research where a rapid drug discovery and process can be realized of bioactive glycosides.
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