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ABSTRACT
Herbal glycosides play a vital role in phytopharmaceutical applications, and accurate determination of their physicochemical properties is essential for drug research. The study aims to develop quantitative structure property relationship (QSPR) models using degree-based topological indices to predict the key physicochemical properties of herbal glycosides. Six herbal glycosides like Aloe-emodin, Chrysophanol, Emodin, Rhein, Hypericin, and Sennoside-A were selected, and degree-based topological indices including 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) were calculated. Linear regression was applied to predict the Boiling Point (BP), Flash Point (FP), Polarizability (P), Surface Tension (ST), and Molar Volume (MV). The regression models showed very strong predictive power for Boiling Point, Polarizability, and Molar Volume with correlation coefficients (R) above 0.98 and coefficients of determination (R2) greater than 0.90, all statistically significant at p<0.01. Similarly, polarizability predictions using M2(G) and F(G) achieved R2 values of 0.972 and 0.995, respectively. In contrast, predictions of flash point and surface tension were support moderately correlated, with R values around 0.5-0.7 and R2 values less than 0.40, indicating the need for additional descriptors. The findings confirm that degree-based topological indices are effective structure-based descriptors fpr predicting Boiling Point, Polarizability, and Molar Volume of herbal glycosides, thereby offering a rapid and cost-effective computational alternative to experimental methods. However, Flash Point, Surface Tension require complementary descriptors for reliable prediction. This study provides a promising foundation for integrating topological indices into QSPR models in phytopharmaceutical research, with future improvements possible through larger datasets, 3D descriptors, and machine learning approaches.
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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 physicochemical properties is through computational approached, especially the use of quantitative structure-property relationship (QSPR) modelling (Boczar & Michalska, 2024; 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 physicochemical 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 E 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 
(°C at 760 mmHg)
	Flash Point (°C)
	Polarizability
(cm³)
	Surface Tension (dyne/cm)
	Molar Volume
(cm³)

	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 1 shows the experimentally measured physicochemical parameters of six medicinal herbal glycosides such as Aloe-emodin, Chrysophanol, Emodin, Rhein, Hypericin and Sennoside-A. The selected properties are Boiling Point (BP), Flash Point (FP), Polarizability (P), Surface Tension (ST), and Molar Volume (MV) important in order to decipher the structural and functional characteristic of such compounds in a pharmacological and industrial setting. It is evident that there is a wide variation in the Boiling Points values on the compounds. The lowest Boiling Point is that of Chrysophanol (489.5 K) whereas Sennoside-A has the highest value (1144.8 K). This large variation can be accounted by differences in molecular size and extent of conjugation and capacity to form hydrogen bonds which enhances intermolecular forces hence raising boiling points. Likewise, flash point values also show the same trend where smaller molecules like Chrysophanol (263.9 K) have lower flash points, whilst larger and more complex molecules such as Hypericin (530.1 K) and Sennoside-A (348.6 K) offer higher flash points, owing to higher thermal stability.

Polarizability, a relative gauge of how readily the electron cloud of a molecule can be deformed, goes steadily up with the size of the molecule. The polarizability values show relatively little variation (26.7-27.5 cm³) in smaller anthraquinone glycosides like Aloe-emodin, Chrysophanol, Emodin and Rhein, a considerable increase (56.5 and 80.9 cm³) in the larger anthraquinone glycosides such as Hypericin and Sennoside-A as they gain an extended conjugated system with larger molecular frameworks. This suggests that the larger glycosides could exhibit a greater interaction with an electromagnetic field, and hence approach differently in terms of pharmacodynamic and photodynamic activity.

Structural influences can also be determined through the values of surface tension values. As evidence, Rhein has the greatest surface tension (94.9 dyn/cm) which would indicate a stronger intermolecular cohesion compared to Chrysophanol which has the lowest (73.1 dyn/cm). Interestingly enough, Hypericin and Sennoside-A, although their sizes are greater, do not demonstrate the highest values of surface tensions, which can probably be explained by polar functional groups distribution and their capability to engage in intermolecular interactions.

There is definite size dependence on molar volume. Smaller compounds include Aloe-emodin (169.7 cm 3 /mol), Emodin (170.6 cm 3 /mol), Rhein (168.5 cm 3 /mol), similar molecules with almost equal molar volumes. In comparison, Hypericin (263.4 cm 3/mol) and Sennoside-A (494.9 cm 3/mol) contain significantly greater molar volumes which correlate to their larger skeletal systems and larger extensions of the substituent groups.

Overall, the experimental physicochemical investigation of physicochemical characteristics of six medicinal herbal glycosides such as Aloe-emodin, Chrysophanol, Emodin, Rhein, Hypericin and Sennoside-A. The corresponding properties boiling points, flash points, polarizability, surface tension, and molar volume are the same ones mentioned above. These are the properties required to know the thermal stability, molecular interaction properties and general stability of compounds which also influence pharmacological activity and environmental fate. Hypericin and sennoside A, it can be seen that they have higher values on most of the properties as they have bigger and more complicated structures.

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


Source: Calculated value 

Table 2 provides the computed values of six degree-based topological indices for the six selected herbal glycosides such as Aloe-emodin, Chrysophanol, Emodin, Rhein, Hypericin and Sennoside-A. These indices 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) are structural descriptors derived from graph theory, reflecting atomic connectivity, bonding patterns and branching within molecular graphs. Their computed value offers an indirect but mathematically precise representation of molecular complexity. 

The M1(G) values are in a gradual increase starting with the smaller glycoside Aloe-emodin (107) to Rhein (116). As compared to smaller molecules, like Hypericin (242) and Sennoside-A (341) give significantly higher values indicating a direct correlation between M1(G) and the size/branching of the molecule. This tendency points to the fact that M1(G) is a sensitive determinant of global molecular complexity.

The Second Zagreb Index (M2(G)) shows a similar pattern, they go higher Aloe-emodin (181), Chrysophanol (138), to Rhein (143) followed by significant increase in Hypericin (321) and Sennoside-A (415). Because M2(G) accentuates edge-degree interactions, it is not surprising that its large values on larger glycosides imply more complicated bonding, which concurs with their extended aromatic skeletons.

This pattern of structural evolution is also supported by another index created to highlight squared degrees of the graph vertices, namely, Forgotten Index (F(G)). Small glycosides show relatively low values (291316), but Hypericin (690) and Sennoside-A (933) have significantly larger ones (more than 2 times as large), associated with their heavy branching and ring structures. The Forgotten Index therefore works especially well in differentiating between structurally simple and highly branched molecules.

Y(G) values again show that it is linked to molecular complexity with the Aloe-emodin (811) and Chrysophanol (840) as bases and Rhein (896) as the peak. Hypericin (2018) and Sennoside-A (2611) are distinguished by the very high values, as well, supporting that this index is quite sensitive to very extensive connectivity and ring-rich structures.

Degree Indices (D(G) ) are also far higher with big molecules: Aloe-emodin (18,461) and Chrysophanol (21,056) have relatively low counts compared to Hypericin (53,010) and Sennoside-A (66,753). The steep rate of increase exemplifies how the Degree Index is a good for modeling the exponent like increase in connectivity dynamics as the molecular size grows.

The same progressive pattern is recognized with the S(G) which is the Sum-Connectivity Index. Even though two small glycosides such as Aloe-emodin (1926) and Chrysophanol (1847) have less values, Hypericin (5970) and Sennoside-A (7689) have much higher values. Because S(G) quantifies the degree correlation between bonded atoms, these findings provide the explanation of the importance of more extensive π conjugation and multi-part connection structures in larger glycosides and the contributions to the increase in connectivity sums.

Table 3: Correlation coefficients 
	Indices / Properties 
	Boiling Point 
(°C at 760 mmHg)
	Flash Point (°C)
	Polarizability
(cm³)
	Surface Tension (dyne/cm)
	Molar Volume
(cm³)

	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**


Source: Calculated value		** Correlation is significant at the 0.01 level (2-tailed). 

Table 3 gives the correlation coefficients between degree independent topological indices and the physicochemical properties of herbal glycosides such as boiling point, polarizability, surface tension and molar volume. The correlations were found to be 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 boiling point, polarizability, and molar volume, 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 refers 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 7 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 8 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 9 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 the effectiveness of degree-based topological indices, such as the First Zagreb Index (M1(G)), the Second Zagreb Index (M2(G)), Forgotten Index (F(G)), Sum-connectivity Index (S(G)), Yemen Index (Y(G)), and Degree Indes (D(G)), in predicting the physicochemical properties of herbal glycosides through regression modelling. 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. Conversely, moderate predictive accuracy for Flash Point and Surface Tension indicates that these properties are influenced by additional structural and environmental factors. 
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. 
 
The results have significant implications for phytopharmaceutical and drug discovery research. Herbal glycosides are widely used in clinical contexts, including cancer treatment, liver protection, and anti-inflammatory therapies. Reliable computational prediction of their physicochemical properties can accelerate the early stages of drug design, formulation development, and quality control. By providing a rapid and cost-effective alternative to experimental analysis, the QSPR approach presented in this study reduces time and resources needed for large-scale screening of natural compounds. It also enhances the role of cheminformatics in supporting pharmacognosy and computational drug development.

Despite its contributions, the study has certain limitations. The dataset is restricted to only 6 herbal glycosides, which limit the generalizability of the results. The predictive models are primarily linear regressions, which may not fully capture complex nonlinear relationships. Furthermore, the topological indices used are degree-based and do not account for three-dimensional molecular geometry, stereochemistry, or electronic properties. As a results, the predictions for flash point and surface tension were moderate, reflecting the need for broader descriptor sets.
Future research study should expand the dataset to include a larger and more diverse set of herbal glycosides to enhance model robustness. Incorporation of advanced molecular descriptors, such as 3D structural parameters, electronic descriptors, and quantum-chemical properties, will help improve prediction accuracy for properties that are difficult to capture using only degree-based indices. Additionally, integration of machine learning and artificial intelligences techniques into QSPR / QSAR frameworks can further refine predictive models, allowing for nonlinear associations and better generalization. Such approaches would not only strengthen computational predictions but also bridge experimental and computational methodologies for faster, more reliable phytopharmaceutical research.
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