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ABSTRACT
In this paper, we introduce the KG Sombor exponential, modified KG Sombor index, modified KG Sombor
exponential, first and second Banhatti (a, b)-KA indices and their polynomials of a graph. We compute these
KG Sombor indices for three chemical drugs such as chloroquine, hydrochloroquine and remdesivir.
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1. INTRODUCTION
Let G be simple, connected graph with V(G) and edge set E(G). The degree dg(u) of a vertex u is the number of
edges incident to u. If e= uv is an edge of G, then the vertex u and edge e are incident and it is denoted by ue.
Let ds(e) denote the degree of an edge e in G, which is defined as ds(e) = de(u) +ds(e) —2 with e= uv.

In 1972 [1], two degree based topological indices were introduced and studied. The first and second Banhatti
indices of a graph G were introduced by Kulli in [2], and they are defined as

B, (G) =Y [dg (u)+dg (e)], B,(G)=>"dg (u)dg (e)
ue ue
where ue means that the vertex u and edge e are incident in G.
Recently, some Banhatti indices were studied in [3, 4, 5, 6, 7, 8, 9, 10].

The KG Sombor index was introduced by Kulli et al. in [11], defined it as
KG(G) =3 \Jdg (u)’ +dg ()’
ue

The true meaning of KG is Kulli and Gutman. So that we call this index as Kulli-Gutman Sombor index.
Recently, some Sombor indices were studied in [12, 13, 14, 15, 16, 17, 18, 19, 20].

The KG Sombor exponential of a graph G is defined as

KG (G, X) _ z X«[ds(u)ﬁde(e)2 .

We introduce the modified KG Sombor index of a graph G and it is defined as

"KG(G)=)" L

e \Jdg (0 +dg ()

We define the modified KG Sombor exponential of a graph G as
1

"KG (G, x) _ ZX«/dG(u)zme(e)z .
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We introduce the first and second Banhatti (a, b)-KA indices of a molecular graph G and they are defined as

BKAL, (G) =3 [d W) +d, () ], BKAZ, (G) =3[ de ()* -d (e)° ]

Considering the first and second Banhatti (a, b)-KA indices, we define the first and second Banhatti (a, b)-KA
polynomials of a graph G as

BKA;b (G,x) = zx[de(u)ame(e)a] , BKAjb (G,x) = Zx[ue(made(e)ﬂ] _

Recently, some (a,b)-KA indices were studied, for example, in [ 21, 22, 23, 24, 25, 26, 27]. In this paper, we
determine the KG Sombor index, modified KG Sombor index, KG Sombor exponential, modified KG Sombor
exponential, Banhatti (a,b)-KA indices and their corresponding polynomials of chloroquine, hydroxychloroguine
and remdesivir.

2. CHLOROQUINE: RESULTS AND DISCUSSION
Let G be the graph of chloroquine. This graph has 21 vertices and 23 edges, see Figure 1.
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Figure 1. Structure of chloroquine

In G, the edge set of G can be divided into five partitions based on the degree of end vertices of each edge as
follows:

Ex={uv € E(G) | ds(u)=1, ds(v)=2}, |E1]=2,
E>={uv € E(G) | ds(u)=1, ds(v)=3}, |E2|=2,
Es={uv € E(G) | ds(u)=ds(v)=2}, | E3|=5,
Es={uveE(G) | ds(u)=2, ds(v)=3}, |Eal=12,
Es={uv € E(G) | ds(u) = ds(v)=3}, |Es|=2.

Then the edge degree partition of G is given in Table 1:

Table 1. Edge degree partition of G

uvlE(G)
de(e) 1 2 2 3 4
No. of edges 2 2 5 12 2

We compute the first Banhatti (a, b)-KA index of the molecular graph of chloroquine.

Theorem 1. The first Banhatti (a, b)-KA index of chloroquine is
1 a a b a a b a a b a a b a a b a a
BKAL, (G)=2(1"+1°) +2(2* +1°) +14(3* +2*)" +10(2* +2°) +12(3* +3%) +4(3* +4%)
Proof: By definition and cardinalities of the edge partitions of G, we have

BKAL, (G) =3[ dg ()* +dg (e)* |

b

= 2[(1a +1a)b +(2° +1a)b]+2[(1a +2a)b +(3° +23‘)b]+5[(2a +2a)ID +(22 +23)b]
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+12[(2'“1 +3° )b +(32+3° )b] + 2[(3a +4° )b +(32+4° )b]
After simplification, we get the desired result.
From Theorem 1, we establish the following results.

Corollary 1.1. The KG Sombor index of G is
KG(G) = BKAL,, (G) =582 + 4/5 +14+/13 + 20.

Corollary 1.2. The modified KG Sombor index of G is
"KG(G)=BKA ,,(G) 14

_un 4,14 4
V2 5 13 5

In Theorem 2, we compute the second Banhatti (a, b)-KA index of the molecular graph of chloroquine.

Theorem 2. The second Banhatti (a, b)-KA index of G is
BKAZ, (G) = 2+(14x2") +(14x6™) +(12x 9% )+ (4x12%).

Proof: From definition and by cardinalities of the edge partitions of G, we obtain

BKAZ, (G) =3[ dq (u)*-dy (e)a]b

—o[ (1 x17) + (22 x17) 2 (17 % 22) (32 x22)" |+ 5[ (22 x 22 )" + (22 x22)" |
12023 ) + (37 x3) |+ 2 (3 x42) + (37 x47)" ]
gives the desired result after simplification.

In the following theorem, we compute the first Banhatti (a, b)-KA polynomial of the molecular graph of
chloroquine.

Theorem 3. The first Banhatti (a, b)-KA polynomial of G is
BKA; (G X) _ 2)((1a+1“)b+(23+1a)b " 2X(1a+2a)b+(3a+za)b +5X2(23+23)b _i_12)((2%36)b+(3ﬂ+3ﬂ)b n 2)(2(3%4?')b
b\ )= :
Proof: By definition and cardinalities of the edge partitions of G, we have

BKA;b (G) = Z X[ds(u)“+de(e)"‘]

= oyl stz N S R Pt O (3t44) 4 (30007

+2X +5x +2X

After simplification, we get the desired result.
From Theorem 3, we obtain the following results.

Corollary 3.1. The KG Sombor exponential of G is
KG (G, x) = 2x¥2F 1 2x V513 | 52 | 1053432 4 910

Corollary 3.2. The modified KG Sombor exponential of G is
1 1 1 1 1 1 1 2

"KG(G,x)=2x"? ¥ 4 2xF B 153 {10x9B 37 4 x5,

In the next theorem, we compute the second Banhatti (a, b)-KA polynomial of the molecular graph of
chloroquine.
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Theorem 4. The second Banhatti (a, b)-KA polynomial of G is
BKA?, (G,x) = 2x*" 7" 4 2x%" 6" 1 5x>%" 412" 4 2x?92",
Proof: By definition and by using cardinalities of the edge partitions of G, we obtain

BKAaZ,b (G, X) _ Z X[dG(u)adG(e)a]

2X<1ax1a>"+<zax1a)" (12x2%) +(22 w22’ (22x2*) +(22x2%)° +12X(zaxsa)"+(3axsa ) (32xa2) +(3°x4?)° .

+2X +5x +2X

After simplification, we establish the desired result..

3. HYDROXYCHLOROQUINE: RESULTS AND DISCUSSION
Let H be the molecular graph of hydroxychloroquine and it has 22 vertices and 24 edges, see Figure 2.
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Figure 2. Structure of hydroxychloroquine

In H, the edge set of E(H) can be divided into five partitions based on the degree of end vertices of each edge as
follows:

Ei={uv € E(H) | dx(u)=1, du(v)=2}, |E1]=2,
Ex={uv € E(H) | dx(u)=1, du(v)=3}, |E2|=2,
Es={uv € E(H) | dx(u)=2, du(v)=2}, |Es|=6,
Es={uveE(H) | du(u)=2, du(v)=3}, |Ea|=12,
Es={uv € E(H) | du(u) = dn(v)=3}, |Es|=2

Then the edge degree partition of H is given in Table 2:

Table 2. Edge degree partition of H
du(u), du(V\  (1,2) (1.3) (2,2) (2,3) (3,3

uviiE(H)
du(e) 1 2 2 3 4
No. of edges 2 2 6 12 2

In the following theorem, we compute the first Banhatti (a, b)-KA index of the molecular graph of
hydroxychloroquine.
Theorem 5. The first Banhatti (a, b)-KA index of hydroxychloroquine is

BKAL, (G)=2(17+1°)" +2(27 +1°)" +14(3* +2*)" +12(27 + 2*)" +12(3* +3*) + 4(3° + 4°)
Proof: By definition and cardinalities of the edge partitions of H, we have

BKAL, (H) = [d,, ()" +d,, ()"

b

—ol@+1) (2010 Ja2f (@ 4 20) 1 (304 20) ][ (20 20) 4 (2 4 20)']
w2l +3) (@ +3) Jv2l(3+a0) + (3 +40) ]

gives the desired result.
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The following results are obtained from Theorem 5.

Corollary 5.1. The KG Sombor index of H is
KG(H)=BKAL,, (H) =622 + 445 +1413 + 20.

Corollary 5.2. The modified KG Sombor index of H is
14 4
"KG(H)=BKA; ,,(H)=

V2 5 13 5
In the following theorem, we compute the second Banhatti (a, b)-KA index of the molecular graph of
hydroxychloroquine.

Theorem 6. The second Banhatti (a, b)-KA index of H is
BKA?, (H) =2+(16x2")+(14x6%) +(12x9™) + (4x12%).

Proof: From definition and by using cardinalities of the partitions of H, we get

BKAZ, (H)=Y[d, (" -d, (e)* |

—2l@x1t) + (22 x10) J2[ (12 x22) + (3°x20)" [+ 6[ (22 x2*)" + (22 x2*)"]
+12[ (2253 +(32x32)" |+ 2[ (3 x4°) + (32 x42)" .
After simplification, we get the desired result.

In the next theorem, we compute the first Banhatti (a, b)-KA polynomial of the molecular graph of
hydroxychloroquine.

Theorem 7. The first Banhatti (a, b)-KA polynomial of H is

a ab a ab a ah a ab a ab a ab a ab a ab
BKA;b(H,X)ZZX(l +12) +(2241%) +2)((1 +22) +(32+22) +6X2(2 +22) +12X(2 +32) +(32+32) +2X2(3 +4)_

Proof: By definition and using cardinalities of the edge partitions of H, we have

BKA;b (H) = z X[dH () +dy, (0]

_ 2)((1a+13)b+(23+1a)b (12+22) (32 422)° (22422) +(22422) +:|_2X(23+3a)b+(33+3é‘)h 4 2X(3a+4a)b+(3a+4a)h .

+2X +6X

After simplification, We get the desired result after simplification.
By using Theorem 7, we get the following results.

Corollary 7.1. The KG Sombor exponential of H is
KG(H,x)=2x"" 4 2x B8 4 gy 1 1913132 4 910,

Corollary 7.2. The modified KG Sombor exponential of H is
1 1 1 1 1 1 2

1
"KG(H,x)=2x¥2 ¥5 4 2x 5 ¥ 4 gx2 412x 3 32 4 x5,

In Theorem 8, we compute the second Banhatti (a, b)-KA polynomial of the molecular graph of
hydroxychloroquine.
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Theorem 8. The second Banhatti (a, b)-KA polynomial of H is
BKAZ, (H,x) = 2x"2" 4 2x7"*%" 1 6x> %" 412" 4 2x92".
Proof: By definition and using cardinalities of the edge partitions of H, we obtain

BKA;b (H , X) _ ZX[dH(u)adH(e)"‘]

PN R P W SR (222 (222 | o2V @) | oy (et alana)”

+ +6X

After simplification, we get the desired result.

4, RESULTS AND DISCUSSION: REMDESVIR
Let R be the molecular structure of remdesivir. Clearly R has 41 vertices and 44 edges, see Figure 3.

Figure 3. Structure of remdesivir

In R, the edge set E(R) can be divided into eight partitions based on the degree of end vertices of each edge as
follows:

Ex={uv € E(R) | dr(u)=1, dr(v)=2}, |E1]=2,
Ex={uv € E(R) | dr(u)=1, dr(v)=3}, | E2|=5,
Es={uv € E(R) | dr(u)=1, dr(v)=4}, | E3]|=2,
Es={uveE(R) | dr(u)=2, dr(v)=2}, | Ea|=9,
Es={uv € E(R) | dr(u) =2, dr(v)=3}, | Es|=14.
Es={uv € E(R) | dr(u)=2, dr(v)=4}, | Es|=4,
E7={uveE(R) | dr(u)=3, dr(v)=3}, | E7|=6,
Es={uv € E(R) | dr(u) =3, dr(v)=4}, | Es|=2.

Then the edge degree partition of R is given in Table 3.

Table 3. Edge partition of R

Jo(u), 1,2)1,3)1,4)2,2)2,3)2,4)3,3)3,4)
Ja(V)\

JVOIE(G)

Je(e) 1 2 3 2 3 4 1 5
No. o2 5 2 3 14 1 6 2
2dges

In the following theorem, we compute the first Banhatti (a, b)-KA index of the molecular graph of remdesivir.
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Theorem 9. The first Banhatti (a, b)-KA index of remdesivir is
BKAL, (R)=2(1 +1°)" +2(2° +1°)’ +14(3° +2°)" +12(2° +2°)" +12(3* +3°)" +4(3* +4°)’.
Proof: By definition and cardinalities of the edge partitions of R, we get

BKAL, (R) =3[ dy (u)° +d, (e)* |

ol 110) 4 (22 +12) J+5[(17 +20)° + (32 +22) |+ 2[ (12 +3°) + (42 +3°)" ]
1ol (22420) (22 +20) +1a[ (22 430 (32 +30) |+ a[ (22 4+ 42) (42 +4°)" ]
+6[(3al +4f")b +(32 +4'°‘)b]+2[(3a +5"")b +(4° +53)b].

After simplification, we get the desired result.

We obtain the following results from Theorem 9.

Corollary 9.1. The KG Sombor index of R is
KG(R) = BKAL,, (R) = 96+/2 +15+/5 + 24/10 + 1913 + 2/34 + 24/41 + 70.
Corollary 9.2. The modified KG Sombor index of Ris

2 19 2 2 14
"KG(R)=BKA, ,,(R)=

T T s

In the following theorem, we compute the second Banhatti (a, b)-KA index of the molecular graph of remdesivir

Theorem 10. The second Banhatti (a, b)-KA index of R is
BKAZ, (R) = 2+(7x2%)+(2x3%) +(18x4™ ) +(19x 6 ) + (4x8% ) + (14x 9 ) + (14x12*)

+(4x16%) +(2x15% ) +(2x20%).

Proof: By definition and cardinalities of the edge partitions of R, we have

BKA;,b (R) = Z[dR (u)* xd, (e)a:|b

—z[(laxla) +(22x10)" L8[ (17 x2)" +(32 x22)" ]+ 2[ (1 x3*)" + (47 x3*)" ]
19[(22%22) +(22x22) |+ 14 (22 x3°) + (32 x3*)" |+ 4] (22 x42) + (42 x4°)" |
6[(3°x42)" +(3°x4*)" ]+ 2[ (3 x5°)" + (47 x5°)"].
After simplification, we obtain the desired result.
In Theorem 11, we compute the first Banhatti (a, b)-KA polynomial of the molecular graph of remdesivir.
Theorem 11. The first Banhatti (a b)-KA polynomial of Ris
a a a a a a a a a a b a a o a a a a b
BKA;b( ) 2X1 20 +(2%412) +5Xl +20) +(3°42%) +2X1 +32) +(4243%) +gxz(z +22) +14X(2 130 4(3243%)
(3245%) (42 152)

(22442) +(a2 442)° 232 +42)

+4x +6X + 2X
Proof: From definition and by cardinalities of the edge partltlons of R, we obtain

BKAab (R)=S"x [de WP +dq(e)* ]
_ 2X(1"‘+1a) o242 +5x (@4+22) (32 422) +2x (2432 +(a2 13 ) +9X (22422 +(22422)
+14X(2a+3a)b+(3"‘+3"‘ +4X(2"‘+4“)b+(4“+46) +6X(3"‘+4a) (32442 +2X(3a+5a)b+(4a+5a)b_

After simplification, we get the desired result.
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From Theorem 11, we obtain the following results.

Corollary 11.1. The KG Sombor exponential of R is
KG (R, x) = 2x"¥8 1 5 Vo83 | 9yi0+5 | gyt2 | 1 gy 3+3V2 | gy2VB+42 4 10 | pyBH+aT

Corollary 11.2. The modified KG Sombor exponential of R is
1 1 1 11 1 1 1 1 1 2 1 1

"KG(R,x)= 2xff+5xf4—+2xr5+9xf+14xf 32 4 4x2B B 4 G5 4 ox B

We now compute the second Banhatti (a, b)-KA polynomial of the molecular graph of remdesivir.

Theorem 12. The second Banhatti (a, b)-KA polynomial of R is
BKAaz ( ) 2X(1a+1'=‘ w22 422) £ 2x (1 422) x(32422)° _i_sx(zhzﬁ‘)zb +12X(2ﬂ+3ﬂ)bx(3a+3a)b n 2X(3a+4a)2b
b .
Proof: By definition and cardinalities of the edge partitions of R, we have

BKA:'b (G) = Z X[de(u)axdG(e)a]

_ 2)((13xf‘)béf(zaxf‘)b +5X(f‘x23)b+(3ax2“) (12x3*) +(42x3) (22x22) +(22x22)"

+2X +9x

_’_14)((zax3a)h+(3“x3“)h +4X(zax4a)b+(4’°‘x4a) +6X(3“x43) 3 wa?) _’_2)((3?‘xsf‘)"af(&‘xsa)h
gives the desired result after simplification.

5. CONCLUSION
In this paper, the expressions of some KG indices and their corresponding exponentials of chloroquine,
hydroxychloroquine, remdesivir have been computed.
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