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Abstract

In this paper, we introduce the leap Kepler Banhatti and modified leap Kepler Banhatti indices
and their corresponding exponentials of a graph. Furthermore, we compute these newly defined
leap Kepler Banhatti indices and their corresponding exponentials for certain important molecular

structures such as chloroquine, hydroxychloroquine and remdesivir.
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1. Introduction

A graph index is a numerical parameter mathematically derived from the graph structure. In Chemical
Graph Theory, concerning the definition of the graph index on the molecular graph and concerning
chemical properties of drugs can be studied by the graph index calculation. Several graph indices
have been considered in Theoretical Chemistry and many graph indices were defined by using vertex
degree concept [1]. The Zagreb, Revan, Gourava, delta, Nirmala, Sombor indices are the most degree
based graph indices in Chemical Graph Theory, see [2-40]. Graph indices have their applications in
various disciplines in Science and Technology [41, 42]. Let G be a finite, simple connected graph with
vertex set V(G) and edge set E(G). The degree dg(u) of a vertex u is the number of edges incident
to u. The number of edges in a shortest path connecting any two vertices u and v of G is the distance
between these two vertices u and v, and denoted by d(u,v). For a positive integer k and v € V(G),
the open neighborhood of v in G is defined as Ni(v/G) = {u € V(G) : d(u,v) = k}. The k-distance
degree of v in G is the number of k neighbors of v in G and denoted by di(v), see [43]. Any undefined
terminologies and notations may be found in [44]. The Kepler Banhatti index [45] of a graph G is

defined as

KB(G)= Y. |(dc(u)+dc(v))+\/do(u)? +do( )]

uveE(G)
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Recently, some Kepler Banhatti indices were studied in [46-49]. The leap Kepler Banhatti index of a
graph G is defined as

LKB(G) = 2@((@( )+ da (0)) + /da () + da (0 )

uveE(

Considering the leap Kepler Banhatti index, we introduce the leap Kepler Banhatti exponential of a

graph G and defined it as

LKB(G,X)— Z xdz ) +da (v))++/da () +da (0)*

uveE(G)

We define the modified leap Kepler Banhatti index of a graph G as

"LKB(G) =

uveE(G) (d2 ( —I— d2 + \/dz + d2

Considering the modified leap Kepler Banhatti index, we introduce the modified leap Kepler Banhatti

exponential of a graph G and defined it as

1
mI KB (G/ x) = Z x(dz(u)+d2(v))+\/dz(u)2+d2(v)2
uveE(G)

Recently, some leap indices were studied in [50-54]. In this work, we determine the leap Kepler Banhatti
and modified leap Kepler Banhatti indices and their exponentials for chloroquine, hydroxychloroquine
and remdesivir.

2. Results for Chloroquine

Chloroquine is an antiviral compound (drug) which was discovered in 1934 by H. Andersag. This
drug is medication primarily used to prevent and treat malaria. Let G; be the chemical structure of

chloroquine. This structure has 21 atoms (vertices) and 23 bonds (edges), see Figure 1.

1

i

=
Cl N

Figure 1: Chemical structure of chloroquine

From Figure 1, we obtain that {(da(u),d2(v)\uv € E(G1)} has 9 edge set partitions.
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dy(u),dr(v)\uv € E(G1) | (1,2) | 2,2) | (2,3) | (2,4) | (3,3) | (3,4 | 35 | 44 | 45)
Number of edges 2 2 8 1 2 3 1 2 2

Table 1: Edge set partitions of chloroquine

We determine the leap Kepler Banhatti index of chloroquine as follows.

Theorem 2.1. Let Gy be the chemical structure of chloroquine. Then
LKB (G1) = 150 + 18V/2 4 4V/5 + 813 + v/34 + 2V/41.

Proof. By using the definition and edge partition of G;, we deduce

LKB(G)= Y. <(d2( ) +da (0)) +/da (1) +dz (0 2)

uveE(Gy)

(A+2)+V12+2) 2+ (2+2) + V2 +22) 2+ (243) + V22 +32) 8
+(@+4)+ V2 +2) 1+ ((3+3)+ V32 +32) 24 (3+4) + V3 +4£)3
+<(3+5)+\/m)1+((4+4 n 42+42)2+(4+5)+¢m)2

By simplifying the above equation, we get the desired result. O
We calculate the leap Kepler Banhatti exponential of chloroquine as follows.

Theorem 2.2. Let Gy be the chemical structure of chloroquine. Then

LBK (Gy, x) = 2x3V5 4 2x4+2V2 4 gy 513 | 1x642V5 4 y643V2 | 3,745 4 138+V3L | 9y 8H+4v2 | 9 9+Val

Proof. By using the definition and edge partition of G;, we deduce

LKB (Gllx) = Z x(dz(u)+d2(1)))+ dZ(u)2+d2(v)2

uveE(Gy)
— 2 (1+2)+V12+22 + 25 (2+2)+V22+22 + 8y (2+3)+v22+3 + 1x(2+4)+V22+42 + 25 (3+3)+v32+3

4 3xBH)HVEFL | 1 (BH5)+VEHEE | o) (4 HVEHE | o (445) 1V S

By simplifying the above equation, we obtain the desired result. O
We find the modified leap Kepler Banhatti index of chloroquine as follows.
Theorem 2.3. Let Gy be the chemical structure of chloroquine. Then

2 1 8 1 2 1 1 1 2

MIKB(Gy) = + + + T 1ot i T
(G1) 345 24v2 54413 6425 643v2 4 8434 4422 944l
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Proof. By using the definition and edge partition of G;, we deduce

"LKB(Gi) = Y.
woeE(G) (da (u) +da (v +\/d2 2 +d; (v)°
B 2 8 1
T2+ VETE (2+2)+\/m TR IVETR Qi VB R
+ 2 - & - ! + 2
(B43)+ V3 +32  (B3+4)+VE+482 (345 +V32+52  (4+4)+ V814
2

+
(4+45)+ V4?4 52
By simplifying the above equation, we get the desired result.

We compute the modified leap Kepler Banhatti exponential of chloroquine as follows.

Theorem 2.4. Let Gy be the chemical structure of chloroquine. Then

" BK (Gy, x) = 23 TVE L A2V2 g SHVIE | 15642V5 | 9,643V L 3,12 | 1, 8+VEE | 5 8+4V2 | o) 9+VAL

Proof. By using the definition and edge partition of G;, we deduce

WZLKB (Gl/x) e 2 X d2 u)+dy (v +\/d2 (u) +d2
uveE(Gy)

1 1 1 1 1
= 2x (1+2)+V12422 4 Dy (2+42)+1/22422 + 8x (2+3)+1/22432 + 1 @+4)+V22 442 + 2x (3+3)+1/32+32

1 -1 1 1
+ 3x (3+4)+1/32+42 +1x (3+5)+1/32452 + 2x (4+4)++/42 442 + 2x (4+5)++/42452 .
By simplifying the above equation, we obtain the desired result.

3. Results for Hydrochloroquine

Let G, be the chemical structure of hydroxychloroquine. This structure has 22 atoms (vertices) and 24

o
HNJ\/\/N“\/

=

bonds (edges), see Figure 2.

o

Cl N

Figure 2: Chemical structure of hydroxychloroquine

From Figure 2, we obtain that {(d2(u),d2(v)\uv € E(G;)} has 11 edge set partitions.
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da(u), dy(0)\uv €E(G2) | LD [ (L, 2) [ (L3 ][22 [ 23) |24
Number of edges 1 1 1 2 8 1

dZ(u)/dZ(U)\uv € E(GZ) (31 3) (31 4) (31 5) (4/ 4) (4/ 5)
Number of edges 2 3 1 2 2

Table 2: Edge set partitions of hydroxychloroquine

We calculate the leap Kepler Banhatti index of hydroxychloroquine as follows.

Theorem 3.1. Let Gy be the chemical structure of hydroxychloroquine. Then

LKB (Gp) = 153 +19v2 + 3V/5 + V10 + 8V/13 + V/34 + 2v/41

Proof. By using the definition and edge partition of G,, we deduce

LKB(G)) = Y. <(d2( )+ (0)) + /o (1) +da (0 2)

uveE(Gy)

= (A+ D)+ V1) 14 (1 +2) + VI2+22) 1+ ((143) + V12 +3) 1
+(@+2)+V2+2) 2+ (2+3) + V2 +3) 8+ (2+4) + V2 +£)1
+((3+3)+ V3 +3) 2+ ((3+4) + V3 +4)3+ ((3+5)+ V3 +52)1
)2+ (( )

+(@+4)+ Ve +2) 2+ ((4+5) + V8 +5)2

By simplifying the above equation, we get the desired result.
We find the leap Kepler Banhatti exponential of hydroxychloroquine as follows.
Theorem 3.2. Let Gy be the chemical structure of hydroxychloroquine. Then

LBK (G, x) = 1x2HV2 4 1x3HV5  1x4HVI0 | 9yd42V2 | gy 5HVI3 | 1464275

4 2x6+3V2 35745 | 14843 | 0 8+4V2 | 9, 94VE

Proof. By using the definition and edge partition of G;, we deduce

LKB(Gyx) = Y x®+@) Vi b
uveE(Gy)
_ 1x(1+1)+\/12+12+1x(1+2)+\/12+22+1x(1+3)+\/12+32+2x(2+2)+\/22+z2+8x(2+3)+\/22+32

1 1 @HOHVERR | 5 (343) 4V | 3, (3H4) VIR | 1 (BH5) VIS | o) (4+4)+ VL

4 2y (4+5)+VE+5?

By simplifying the above equation, we obtain the desired result.

We compute the modified leap Kepler Banhatti index of hydroxychloroquine as follows.
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Theorem 3.3. Let Gy be the chemical structure of hydroxychloroquine. Then

1 1 1 1 8 1 2
+ + + + + +
24v2 345 44+V10 24+V2 5+V13 64+2V5 6432
1 1 1 2

+3+ +
8+ /34 4+2ﬁ 9+ /41

"LKB (Gy) =

Proof. By using the definition and edge partition of G, we deduce

"LKB(Gy) = ),
uveE(Gy) (dZ ( + dZ + \/dz —|— d2 )
B 1 1 L 2
(14—1)+\/12+12 (1+2)+\/12+22 (143)+Vv12+32  (2+42)+ V22422
8 1 2 3
+ + + +
(243)+V22+32  (2+44)+V22+42  (3+3)+V32+32  (34+4)++32+42
1 2 2

+ - -
(345)+V32+5  (4+4)+V42+4 (445)+V42+52
By simplifying the above equation, we get the desired result. O

We determine the modified leap Kepler Banhatti exponential of hydroxychloroquine as follows.

Theorem 3.4. Let Gy be the chemical structure of hydroxychloroquine. Then

"LBK (G, x) = 162TV2 4 123+V5  1x4HVI0 | 0xd42V2 | g 5+VI3 | 1464275
T 2x6+3\/§ + 3x12 + 1x8+\/374 + 2x8+4ﬁ + 2x9+\/‘ﬁ‘

Proof. By using the definition and edge partition of G;, we deduce

"LKB(Gpx) = ). x(®@Wrie +\/dz Pty
uveE(Gy)

1 1 1 1 1 1
= 1x +)+V12+412 + 1x (1+2)+V12422 + 1o (143)+V12+432 4 Dx Cr)+V2422 | 8y (248)+V 22432 | ]y 2+4)+V22+42

1 1 1

1
4 Dy 3+3)+V324+32 L 3y (3+4) V32442 | ] x (3+5)+V/32452 L Dy (4+4)+

1
2422 g Do (44+5)+V/ 2452
By simplifying the above equation, we obtain the desired result. O

4. Results for Remdesivir

Let G3 be the molecular structure of remdesivir. This graph has 41 atoms (vertices) and 44 bonds

(edges).
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Figure 3: Chemical structure of remdesivir

From Figure 3, we obtain that {(dx(u),d2(v)\uv € E(G3)} has 13 edge set partitions.

dy(u),dx(0)\u0 € E(G3) | (1L,D) [ 2,2) [ 23 [ 24 |25 [ (3,3 ] 34
Number of edges 2 3 10 1 1 7 3

dy(u),da(v)\uv € E(G3) | 3,5) | 3,6) | 44 | 45) | (55 | (56)
Number of edges 8 1 1 2 3 2

Table 3: Edge set partitions of remdesivir

We compute the leap Kepler Banhatti index of remdesivir as follows.

Theorem 4.1. Let Gy be the chemical structure of remdesivir. Then

LKB (G3) = 394 + 462 4+ 7v/5 + 10V/13 + V29 4 8V/34 + 241 + 2V/61.

Proof. By using the definition and edge partition of G,, we deduce

LKB(G3) = ), <(d2( )+da (v +\/d2 >+ dy (v
uveE(Gs)

\/\/

= (A+2)+V12+22) 2+ (@+2) + V2 + 2 3+(2+3)+Jm)10
+(@+4)+V2+#) 1+ (2+5) + V2 +53) 1+ (3+3) + V32 +32)7
+(B+4)+ V3 +4)3+ ((3+5) +VF+5) 8+ ((3+6)+ V3 +62)1
+(@+9)+ VP +2) 1+ (4+5) +VE+5) 2+ ((5+5)+ V5 +5)3
+(6+6)+ V5 +6)2

By simplifying the above equation, we get the desired result.
We determine the leap Kepler Banhatti exponential of remdesivir as follows.

Theorem 4.2. Let G3 be the chemical structure of remdesivir. Then

LBK (Gs, x) = 2x3V5 4 3x4+2V2  10x5+V13 | x6+2V5 4 1574V29 | 7,643V2 4 3412

+ g8 TV34 + 1x9+3V5 + 1x8+4V2 + 2,9 +VAL + 3 10+5v2 + 2y 11+v/61
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Proof. By using the definition and edge partition of G3, we deduce

LKB (G, x) =

Z o (@2(1)+d2(0)+/da (1) +d> (0)

uveE(Gs)

= (VT2 | 3, 242)+V2+22 | () (243)+V2243 | 1, (2+4)+V2HE | 1,(245)+V2 452

4 7B HVELR | 3 B+ +VEHL | g (3+5)+VEHEY | 1, (3+6)+VEHET | (4+4)+VE L

4 24D +VELE | 3, (5+5)+VEHEE | o) (5+6)+VE2HE

By simplifying the above equation, we obtain the desired result.
We calculate the modified leap Kepler Banhatti index of remdesivir as follows.
Theorem 4.3. Let G3 be the chemical structure of remdesivir. Then
2 3 10 1 1 7
"LKB(G3) = + + + + +
) = A i 2vi 5 v iV Ti VD 612
+ 1 + 8 + ! + L + 2 + & + 2
4 8++34 9+3V5 8+4v2 9+ VAl 10+5V2 11++61
Proof. By using the definition and edge partition of G3, we deduce
"LKB(G3) = )
uv€E(Gs) (dz ( + dz \/dz —|— dz )
B 2 10 N 1
(1+2)+\/12+22 (2+2)+\/22+22 (243)+Vv22+32  (244)+V22+4
+ ! + d + & + 8
(245)+Vv22+52  (343)+V32+32 (3+4)+V3%+4 (3+5)+V32+52
+ ! + ! + 2 + &
(34+6)+V3+62 (44+4)+V42+4 (4+5)+vV42+52 (5+5)+ V5> +52
n 2
(54 6) + /5% 4 62

By simplifying the above equation, we get the desired result.

We obtain the modified leap Kepler Banhatti exponential of remdesivir as follows.

Theorem 4.4. Let G3 be the chemical structure of remdesivir. Then

MLBK (Gs,x) = 223175 + 3x 322 | 1045V | 1xawavs 4 1x 7B 4+ Zxanva 4 3x12

1 1 1 1 1 1
+ 8x8+v3t ;- 1x9+3v5 - 1x8+4v2 4 2x9+V4al | 3x10+5v2 - Qx 11+V6l

Proof. By using the definition and edge partition of Gz, we deduce

"LKB (Gs, x) =

+\/d2 (u) +d2

§ dz u)+dy (v

uveE(Gs)
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1 1 1

I S [ S
= Qx (1+2)+V12422 + 3x (2+2)+v/22422 + 10x @3)+ 22432 + 1x @9+ 22142 + 1x(2+5)+\/22+52

1

1 1 1 1
+ 7x (3+3)+1/32+432 + 3x (3+4)+1/32+42 + 8x (3+5)+1/32452 +1x (3+6)+1/32+62 + 1 4+4)+V42+42

1 1 1
4 2x (@+5)+V42+52 | Fy (5+5)+V524+52 | Dy (5+6)+V 52462
By simplifying the above equation, we obtain the desired result. ]

5. Conclusion

In this study, we have introduced the leap Kepler Banhatti and modified leap Kepler Banhatti indices
and their exponentials of a graph. We have computed these newly defined leap Kepler Banhatti indices

and their exponentials for chloroquine, hydroxychloroquine and remdesivir.
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