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Abstract

The topological index is a numerical value associated with the molecular graph. These are also called molecular
descriptors. Molecular descriptors plays vital role in QSPR-studies of predicting anti-cancer drugs. In this paper, we
consider thirteen degree-based molecular descriptors for the QSPR-analysis of anti-cancer drugs.
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Introduction

Cancer is one of the leading causes of disease-related death in the world. Despite the discovery of numerous
chemotherapeutic drugs that inhibit uncontrolled cell division processes for the treatment of various cancers, serious
side effects are a significant disadvantage. Furthermore, multi-drug resistance is a significant issue in anticancer
treatment. Many studies are being conducted to discover and develop effective anticancer drugs due to issues such as
cytotoxicity and drug resistance. This disease’s symptoms include a lump, abnormal bleeding, a longer cough, weight
loss, and so on. Chewing tobacco, obesity, poor diet, laziness, and excessive alcohol consumption are the main causes
of this cancerous disease. Several treatments, including surgery, radiotherapy, chemotherapy, hormone therapy,
targeted therapy, and others, are available to treat this dangerous disease. Anticancer drugs, which include alkylates
and metabolites, are those used to treat the disease known as cancer.

Chemical graph theory is a branch of mathematical chemistry, which is found to be useful in study of QSAR
(Quantitative Structure-Activity Relationships) and QSPR (Quantitative Structure-Property Relationship) analysis.
Numerous studies have been made relating to the above mentioned fields by using what are called molecular
descriptors.

There are mainly three types of descriptors:

1. Degree based molecular descriptors
2. Distance based molecular descriptors
3. Eigenvalue based molecular descriptors

A pair of molecular descriptors known as the first Zagreb index M, (G) and the second Zagreb index M,(G),
are the first degree-based molecular descriptors and they first appeared in the topological formula for the total
m-electron energy of conjugated molecules that has been derived by Gutman and Trinajstic’[7], the first and second
Zagreb indices are defined as:

M (G) = ZquE(G) (dy +d,)My(G) = ZquE(G) (dy - dy)

In [14] several degree based topological indices to study QSPR-analysis of anticancer drugs. To conduct

QSPR analysis low intercorrelation between the variables should be verified. If there is a high intercorrelation between

the variables, then we have to choose different variables for QSPR-study. In this paper, we proved that there is a high
intercorrelation between the topological indices for the study carried out in[14].

We have considered the following topological indices [6, 9, 12, 20, 19, 10, 11, 7, 5, 15, 2, 8, 1] for the study:
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HM(G) = Zumy (du(6) + dy(6))? (10)
ZG5(6) = Tuver(e) 1o (@) — dg(v)| (12)
F(6) = Sueve) do(w)? (12)
SSD(G) = Zuvero) [ +73) (13)

Note:s, = Yuev) deg(N(u)), where N(u) denote the neighborhood of the vertex u; P = min{dg(w),dg(v)}
and Q = max{d;(w),d;(v)}

2 Data Sets

We studied 17 anticancer drugs from Amathaspiramide-E to Tambjamine-K. The values for these properties

are taken from Chem Spider. The physico-chemical properties of these anticancer drugs are mentioned in Table 2.
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Structures belonging to these sets are conveniently displayed in Table 3.

We list in Table 3, the above mentioned topological indices values of molecular graphs of 17 anticancer
drugs. The considered topological indices values of anticancer drugs were computed manually by employing
definition of each topological index mentioned in (1)-(13).

3 Statistical Parameters

The ability of considered topological indices to correlate with normal[Boiling point (BP), Melting point
(MP), Enthalpy (E), Flash point (FP), Molar refraction (MR)] of the 17 anticancer drugs from Amathaspiramide-E to
Tambjamine-K were tested through linear correlations using the SAS procedure.

Table 1. Various anticancer drugs with physico-chemical properties.

S.No Drugs BP MP E FP MR

1. Amathaspiramide 572.7 209.72 90.3 300.2 89.4
E
2 Aminopterin 782.27 344.45 114
3 Aspidostomide E 798.8 116.2 436. 9116
4. Carmustine 309.6 120.99 63.8 141 46.6
5. Caulibugulone E 373 129.46 62 179.4 52.2
6 Convolutamide A 629.9 97.9 334.7 130.1
7 Convolutamine F 387.7 128.67 63.7 188.3 73.8
8 Convolutamydine 504.9 199.2 81.6 259.2 68.2
A

9. Daunorubicin 770 208.5 117.6 419.5 130
10. Deguelin 560.1 213.39 84.3 244.8 105.1
11. Melatonin 512.8 182.51 78.4 264 67.6
12. Minocycline 803.3 326.3 1225 439.6 116
13. Perfragilin A 431.5 187.62 68.7 214.8 63.6
14. Podophyllotoxin 597.9 235.86 93.6 210.2 104.3
15. Pterocellin B 521.6 199.88 79.5 269.2 87.4
16. Raloxifene 728.2 289.58 110.1 394.2 136.6
17. Tambjamine K 391.7 64.1 3190.7 76.6
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Table 2. Various anticancer drugs with their molecular graphs.
Cancer Drug Molecular Graphs
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Table 3. Various Anticancer drugs with Topological Indices values.

Drugs ABC |ABC,| x S | GA | GAs | My | My | H | HM | zG; | F | SSD
/Amathaspiramide 9.079| 7.112| 7.076 11.748] 70 81 | 6.767| 343 12 180 | 35.667
E 10.773 14.403
Aminopterin | 24.65| 18.96| 15.23| 15.68| 32.7 | 33.63| 162 | 185 | 14.53| 786 32 416 | 80.33
Aspidostomide E 12.35| 13 26.906| 148 | 186 778 | 22 | 406 55
18.813|11.346 17.548 11.767
Carmustine 7.847| 6.775| 5.757| 5.482 10.738| 46 48 | 5.533| 202 8 106 | 25.331
10.634
Caulibugulone E 8.342| 6.736| 6.946 18.966| 72 86 6.5 | 358 10 186 | 295
10.664 14,574
Convolutamide A 17.93| 17.74 34.208| 167 | 167 793 21 419 | 86.583
24.463|19.369 35.702 17.205
Convolutamine F 8.616| 7.113| 7.077 14599 70 81 | 6.767| 522 12 432 | 29.167
10.773 14.403
Convolutamydine 8.962| 7.93 | 7.544 15.753] 88 | 109 | 6.738| 468 20 250 | 40.083
A 12.016 16.273
Daunorubicin 17.89| 18.89| 40.19| 33.116| 216 | 270 1146| 38 606
32.295|22.564 16.919 101.666
Deguelin 13.91| 14.8 168 | 208 | 13.4| 878 28 462 | 76.166
23.398|17.507 31.954(32.5264
Melatonin 9.676| 8.203| 8.419 17.809 84 96 | 7.933| 402 14 210 | 40.666
12.865 17.493
Minocycline |26.081 15.54| 16.12 35.014| 184 | 229 970 30 512 89
19.093 34.271 14.567
Perfragilin A [12.992| 9.836| 7.968| 8.171|17.172{17.491| 90 | 110 | 7.5 | 466 16 246 44
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Podophyllotoxin | 22.02| 16.42| 12.95| 13.86| 30.09| 30.53| 158 | 198 | 12.47| 824 | 22 | 428 | 70.66
Pterocellin B 11.25| 11.69| 12.93 20.788| 132 | 161 | 11.4| 664 16 | 342 | 58.999
19.027 26.452
Raloxifene 16.58| 17.5 37.684| 182 | 215 | 16.2| 890 | 24 | 460 83
26.956|20.862 37.234
Tambjamine K | 14.28| 9.654| 9.203| 9.419 19.774 104 | 8.933| 434 14 | 226 | 44.667
19.493

4 Intercorrelation between considered topological indices
The intercorrelation between the thirteen degree based topological indices was carried out on the data set

depicted in Table 5. The degree of the intercorrelation was judged by the correlation coefficient r. We considered pairs
of indices with r = 0.950 highly intercorrelated, those with 0.9 < r < 0.95 appreciably intercorrelated, those with
8.5 < r < 0.9 weakly intercorrelated and indices with » < 0.5 not intercorrelated.

From Table 5, we learn that ABC index is highly intercorrelated with ABC,, x, S, GA, M;, M,, H, HM
and SSD with correlation coefficient r > 0.950 respectively. However, the ABC index is appreciably
intercorrelated with GAg and ZG; with correlation coefficient ranging from 0.9 < r < 0.95. Whereas the ABC
index is weakly intercorrelated with F index with r = 0.888.

We observe that ABC, index is highly intercorrelated with y, S, GA, M,, H and SSD with correlation
coefficient r > 0.950 respectively. However, the ABC, index is appreciably intercorrelated with GA5, M, and
HM with correlation coefficient ranging from 0.9 < r < 0.95. Whereas the ABC, index is weakly intercorrelated
with ZG5 and F with correlation coefficient ranging from 8.5 < r < 0.9.

The Randic’ index y is highly intercorrelated with S, GA, GAs, M,, H and SSD with correlation
coefficient r > 0.950 respectively. However, the y index is appreciably intercorrelated with M, and HM with
correlation coefficient ranging from 0.9 < r < 0.95. Whereas the y index is weakly intercorrelated with ZG; and
F with correlation coefficient ranging from 8.5 < r < 0.9.

The sum connectivity index S is highly intercorrelated with GA, GAs, M,, H and SSDwith correlation
coefficient r > 0.950 respectively. However, the S index is appreciably intercorrelated with M, and HM with
correlation coefficient ranging from 0.9 < r < 0.95. Whereas the S index is weakly intercorrelated with ZG; and F
with correlation coefficient ranging from 8.5 < r < 0.9.

The geometric-arithmetic index GA is highly intercorrelated with H and SSD with correlation coefficient
r > 0.950 respectively. However, the GA index is appreciably intercorrelated with GAg, M;, M, and HM with
correlation coefficient ranging from 0.9 < r < 0.95. Whereas the GAindex is weakly intercorrelated with ZG; and
F with correlation coefficient ranging from 8.5 < r < 0.9.

The GAs is highly intercorrelated with harmonic index H with correlation coefficient r = 0.955.
However, the GAs index is appreciably intercorrelated with M;, M,, HM and SSD with correlation coefficient

ranging from 0.9 < r < 0.95. Whereas the GAs index is weakly intercorrelated with ZG; and F with correlation
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coefficient ranging from 8.5 < r < 0.9.

The first Zagreb index M, is highly intercorrelated with harmonic index M,, H, HM and SSD with
correlation coefficient » > 0.950 respectively. However, the M, index is appreciably intercorrelated with ZG; with
correlation coefficient r = 0.914. Whereas the M; index is weakly intercorrelated with and F index with r =
0.899.

The second Zagreb index M, is neither highly intercorrelated nor weakly intercorrelated with any of the
topological indices. However, the M, index is appreciably intercorrelated with H, HM, ZG;F and SSD with
correlation coefficient ranging from 0.9 < r < 0.95.

The hyper Zagreb index HM is highly intercorrelated with the F index with r = 0.962. However, the
HM index is appreciably intercorrelated with ZG5; and SSD with correlation coefficient ranging from 0.9 <r <
0.95. Whereas the HM index is not weakly intercorrelated with any of the topological indices.

The ZG; index is not highly intercorrelated with any of the topological indices. However, the ZG5 index is
appreciably intercorrelated with SSD with r = 0.908. Whereas the ZG; weakly intercorrelated with and F index
with r = 0.850.

The forgotten index F is weakly intercorrelated with and SSD index with r = 0.856.

In Figure 1, intercorrelation between the topological indices is depicted and in Figure 2, hierarchical cluster
analysis of topological indices is shown.

Table 4. Correlation matrix of selected topological indices.

ABC | ABC, | x S GA | GAs | M, | M, H [ HM | ZG, F [ ssD
ABC 1 | 0975] 0.977] 0986 | 0.974| 0.944| 0.991| 0.969 | 0.974 | 0.967 | 0.913 | 0.888 | 0.990
ABC, 1 | 0966 | 0.963] 0979 | 0.948 | 0.953| 0.914 | 0.963 | 0.922| 0.887 | 0.853 | 0.979
X 1 | 0996| 0964 0953 0.970 | 0.920| 0.998 | 0.930 | 0.857 | 0.852 | 0.981
S 1 | 0968 0.956| 0.982| 0.941| 0.996 | 0.944 | 0.860 | 0.863 | 0.982
GA 1 | 0932 0950 0.910| 0.964 | 0.913| 0.851 | 0.836 | 0.980
GAs 1 | 0949 0914 0.955| 0.911| 0.836 | 0.829 | 0.939
M, 1 | 0987 0.965| 0981 0.914 | 0.899 | 0.979
M, 1 | 0912] 0984 0922 0.901| 0.947
H 1 | 0922 0835 0.843] 0.975
HM 1 | 0915 0.962| 0944
ZG, 1 | 0850 0.908
F 1 | 0.856
SSD 1
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Figure 1. Intercorrelation between topological indices.

5 Hierarchical cluster analysis
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Hierarchical cluster analysis of these topological indices for a data set of seventeen anticancer drugs
indicates that they are mutually highly intercorrelated.
6 Conclusion

The intercorrelation between thirteen degree based topological indices is very high. Therefore, the work
carried out in [9] should be reconsider for the study by choosing other degree based topological indices with mutually
less intercorrelation.
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