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ABSTRACT

A topological index is a numeric quantity from structural graph of a molecule. The methods of topological index
computation can help to find out chemical information of drugs in Chemical Science. In this paper, we compute the
first, second, third, fourth and fifth multiplicative geometric-arithmetic indices of some important chemical drugs such
as chloroquine, hydroxychloroquine and remdesivir.

Keywords: multiplicative geometric-arithmetic index, chemical drug.

Mathematics Subject Classification: 05C05, 05C07, 05C35.

1. INTRODUCTION

We consider only finite, simple connected graph with vertex set V(G) and edge set E(G). The degree d(u) of a vertex u
is the number of vertices adjacent to u. For undefined term and notation, we refer the book [1].

A molecular graph is a graph such that its vertices correspond to the atoms and the edges to the bonds. Chemical Graph
Theory is a branch of Mathematical Chemistry, which has an important affect on the development of the Chemical
Sciences. Topological indices are useful for establishing correlation between the structure of a molecular compound
and its physicochemical properties. Several topological indices [2] have been considered in Theoretical Chemistry and
have found some applications, especially in QSPR/QSAR study, see [3, 4].

In [5], Kulli introduced the first multiplicative geometric-arithmetic index of a graph G and it is defined as

~ 2,/d (u)d(v)
sate= L Swyan

Recently, many other multiplicative indices were studied, for example, in [6, 7, 8, 9, 10, 11, 12, 13, 14].

The second, third, fourth and fifth multiplicative geometric-arithmetic indices of a graph were introduced by Kulli in
[15] as follows:

The second multiplicative geometric-arithmetic index of a graph G is defined as

GAII(G) = H 2,/n(u)n(v)
uveE(G) n(u) + n(V)
where the number n(u) of vertices of G lying closer to the vertex u than to the vertex v for the edge uv of a graph G.

The third multiplicative geometric-arithmetic index of a graph G is defined as

GAI (G) = H ZQ/m(u)m(v)
uveE(G) m(u) + m(V)
where the number m(u) of edges of G lying closer to the vertex u than to the vertex v for the edge uv of a graph G.
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The fourth multiplicative geometric-arithmetic index of a graph G is defined as

Gall(e)= ] 2w
weE(G) e(u)+e(v)
where the number g(u) is the eccentricity of all vertices adjacent to a vertex u.

The fifth multiplicative geometric-arithmetic index of a graph G is defined as

2./s(u)s(v
oaile)- [T 2BLe)
uveE(G,) S(U) + S(V)
where s(u) denote the sum of the degrees of all vertices adjacent to a vertex u.

Recently, some new versions of topological indices were studied [16, 17, 18, 19, 20].

In this paper; we determine the first, second, third, fourth and fifth multiplicative geometric-arithmetic indices of
chloroquine, hydroxychloroquine, remdesivir. For chemical structures, see [21, 22].

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 and 23 bonds, see Figure 1.

Lo

~

/
a N
Figure-1: Chemical structure of chloroquine

From Figure 1, we obtain that

(i) {(d(u), d(v)) \uv € E(G1)} has 5 bond set partitions,
@iN{(n(u), n(v)) \uv € E(Gy)} has 10 bond set partitions,
@@L (m(u), m(v)) \uv € E(G,)} has 12 bond set partitions,
(iv) {( €(u), (v)) \uv € E(G1)} has 7 bond set partitions,
(iv) {( s(u), s(v)) \uv € E(G;)} has 10 bond set partitions.

Table-1: Bond set partitions of chloroquine

d(u), d(v) \uv e E(Gy) 1,2 (13) (2,2 (2,3) 3.3)
Number of bonds 2 2 5 12 2
n(u), n(v) \uv € E(Gy) (1,19) (1,20) (2,18) (3.17) (4,16)
Number of bonds 2 4 2 4 1
(5,15) (6,14) (7,13) (9,11) (10,10)
4 1 3 1 1
m(u), m(v) \uv e E(Gy) (1,21) (1,22) (2,19) (3,18) (4,17) (5,15)
Number of bonds 2 4 2 4 1 3
(5,16) (6,15) (7,14) (8,13) (9,13) (10,12)
1 1 2 1 1 1
g(u), £(v) \uv € E(Gy) (7,7 (8,7) (8,9) (9,10) (10,11)
Number of bonds 1 3 3 4 5
(11,12)  (12,13)
4 3
s(u), s(v) \uv € E(G
( l\)lun(1b)er of bonés 1) 2.4) (3,5) (4.,5) (4.6) (5.5)
2 2 4 2 3
(5.6) (6.7) (5.8) (6.7) (7.8)
3 2 1 2 2
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In the following theorem, we compute the different versions of multiplicative geometric-arithmetic indices of
chloroquine.

Theorem 1: Let G; be the chemical structure of chloroquine. Then

o oane-[2E] (4] [2E]

5

(i) GA(G,) = Hlo_ng {4515}4 (gﬂ:{?):[ J (Jl%_lf ( J 13’22)1
e 1221281 2] )

(stl [N%Toj (2{} ( L J {3\1/1_31 [2\1@}1
(nv)GAau(G)zl“fT (12J_] (Gfg_J [2J211TJ5 (45}4 (4£]
WGAII(G,) = [Z‘f} (V’f’j (‘f] (Zﬁ(#]

2 1 2 2
(V35 [a10) (24a2) (414
6 13 13 15 )
Proof: By using the definitions and cardinalities of the bond partitions of G;, we deduce

() GAII(G)= [] ZVd

uveE )+d( )
B 2\/1><_2 " (odixa) (22x2) (242x<3 ) 2437
TR T e T e 343

After simplification, we obtain the desired result.

(i) GAI(Gy)= [] 2yn(u)n(v)

uveE(G,) n(u) + n(V)

{35 (55 [WJ (5]

1+19 1+ 20 2+18 3+17 4+16
(25515 4)( 2J6x14 1X 2713\ (20x11) [ 2/10x10 1
5+15 6+14 7+13 9+11 10+10 |

After simplification, we obtain the desired result.

(i) GAIN (Gy) = [] 2 m(u)m(v)

WeE(G m(u)+m(v)

B 2x/1><21 [2ix22) (22x19) (2V3x18) (244x17) (24515
1421 1422 2+19 3+18 4+17 5+15
(25516 (2V6x15) (27x14) [(2/8x13) (240x13) (2vi0x12)

5+16 6+15 7+14 8+13 9+13 10412 )

After simplification, we obtain the desired result.
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) GANI(G)= ] 2ye(u)e(v)

uveE(G,) g(u) + g(V)

ZEZWTXEZ‘/SWTX(ZWTX(Z‘IQXIOTXLZ“AOX“T

747 817 8+9 9+10 10411
(21112 4X 21213 |
11+12 12+13 |

After simplification, we obtain the desired result.

V) GAI(G)= [] 2—\’S(u)s(v)

weeis) S(u)+s(v)

{55 (55 (R ) (55

2+4 3+5 445 4+6 5+5
(2556 SX 2J5x7 ZX 2/5x8 lx 2J6x7 ZX 278 |
5+6 5+7 5+8 6+7 7+8 |

After simplification, we obtain the desired result.

3. RESULTS FOR HYDROXYCHLOROQUINE
Let G, be the chemical structure of hydroxychloroquine. This structure has 22 vertices and 24 edges, see Figure 2.

ﬁOH
HNJV\/N\/’

=
-
cl N
Figure-2: Chemical structure of hydroxychloroquine

From Figure 2, we obtain that

() {(d(u), d(v)) \uv € E(G,)} has 5 bond set partitions,
@i{(n(u), n(v)) \uv € E(G,)} has 9 bond set partitions,
(ii){(m(u), m(v)) \uv € E(G,)} has 12 bond set partitions,
(iv) {( (u), e(v)) \uv € E(G,)} has 7 bond set partitions,
(iv) {(s(u), s(v)) \uv € E(G,)} has 11 bond set partitions.

Table-2: Bond set partitions of hydroxychloroquine

d(u), d(v) \uv e E(G,) 1, 2) (1,3) @, 2) 2, 3) @3, 3)
Number of bonds 2 2 6 12 2
n(u), n(v) \uv e E(G,) (1,20 (1,21) (2,19) (3.18) (5.16)
Number of bonds 2 4 3 4 4
(6,15) (7,14) (10,11) (8,13)
3 2 1 1
m(u), m(v) \ uv € E(G,) (1,22) (1,23) (2,20) (2,21) (3,19) (5,16)
Number of bonds 2 4 2 1 4 3
(5,17) (6,16) (7,15) (8,14) (10,13) (11,12)
1 1 1 3 1 1
g(u), £(v) \uv e E(Gy) (7.8) (8,9) (9.10) (10,11) (11,12)
Number of bonds 3 2 3 4 6
(12,13) (13,14)
4 2
s(u), s(v) \uv € E(G,)
Number of bonds 2.3) 24) (3.5 (4.5) (4,6) (5,9)
1 1 3 4 1 3
(5,6) (5,7) (5.8) 6,7) (7.8)
4 2 1 2 2
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In the following theorem, we compute the different versions of multiplicative geometric-arithmetic indices of
hydroxychloroquine.

Theorem 2: Let G, be the chemical structure of hydroxychloroquine. Then

vowes (2] {212

2 5

H S]-C2] (5] 2]

2Ji0 ) ﬁz oJ110) (4426
7 3 | T [T |

e (28] 1212 4
e

(]85 (4] 5] ]
x(“\z/?T (4 21782j

o (S]] (5]-(2]-05) 28]

2 1 2 2
(V3B (V0] (2022) (414
6 13 13 15 |
Proof: By using the definitions and cardinalities of the bond partitions of G,, we deduce

(i) GAII(G,)= [] Z—Vd(u)d(v)

uveE(G,) d (U)+ d (V)

LR ()

1+2 1+3 2+2 2+3 3+3

After simplification, we obtain the desired result.

(i) GA(G,)= ] 2yn(ujn(v)

WeE(G n(u)+n(v)
B 2«/1><20 [2Vix21) (2V2x19) (23x18) (245x16 |
| 1+20 1+21 2+19 3+18 5+16
[2/6x15 3>< 2\(Tx14 ZX 2 JTOx11 ) 2x/8x1
6+15 7+14 10+11 8113

© 2021, IJMA. All Rights Reserved 39



V. R. Kulli*/ Some New Versions of Multiplicative Geometric-Arithmetic Index of Certain Chemical Drugs / IIMA- 12(7), July-2021.

After simplification, we obtain the desired result.

i) GAII(G,)= [ 2mmv)

wek(s,) M(U) +m(v)

:EZx/1><22 jz XEZMT ><(2\/2xzo ]2 X(zx/zlellx(zx/sxlg T

1+ 22 1+23 2120 2421 3+19
(25517 lx 2J6x16 1X 27Tx15 1X 2\8x14 3X 2J10x13 |
5+17 6+16 7+15 8+14 10+13
(21112 '
11+12 |

After simplification, we obtain the desired result.

) GAII(G,)= ] 2Je(u)e(v)

wetis,) &(U)+¢(V)

() (R ()

7+8 8+9 9+10 10+11 11+12
(21213 4X 2J13x14 )
12 +13 13+14 |

After simplification, we obtain the desired result.

() GAlI(6,)= ] W)

wet(s,) S(U)+s(v)

L O R

2+3 2+4 3+5 445 4+6 5+5
(2556 4>< 2J5x7 ZX 2./5x8 lx 2J6x7 ZX 2J7x8 )
5+6 5+7 5+8 6+7 7+8 |

After simplification, we get the desired result.
3. RESULTS FOR REMDESIVIR

Let G; be the molecular graph of remdesivir. This graph has 41 vertices and 44 edges.

Figure-3: Chemical structure of remdesivir

From Figure 3, we obtain that

() {(d(u), d(v)) \uv € E(G3)} has 8 bond set partitions,
@i{(n(u), n(v)) \uv € E(G3)} has 25 bond set partitions,
(@ii){(m(u), m(v)) \uv € E(G3)} has 23 bond set partitions,
(iv) {( &(u), €(v)) \uv € E(G3)} has 11 bond set partitions,
(iv) {(s(u), s(v)) \uv e E(G3)} has 23 bond set partitions.
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Table-3: Bond set partitions of remdesivir
d(u), d(v)\ uveE(Gy) (1,2) (1,3 1,4 (2,2) (2,3) 2,4 (3,3) (3,4

Number of bonds 2 5 2 9 14 4 6 2
n(u), n(v)\ uveE(G,) (1,6) (1,34) (1,38) (1,39) (2,37) (3,12) (3,23) (3,36)
Number of bonds 1 1 2 9 8 1 1 2
(4,32) (4,33) (4,34) (4,35) (5,34) (6,32) (6,33) (8,31)
1 1 1 1 2 1 2 1
(9,30) (10,29) (11,28) (12,24) (13,24) (13,25) (17,22) (18,21)
1 1 1 1 1 1 1 1
(19,20)
1
m(u),m(v)\uve £ G5) (1,42) (1,43) (2,8) (2,32) (2,40) (2,41) (3,39) (4,15)
Number of bonds 2 9 1 1 2 6 2 1
(4,39) (4,26) (5,37) (5,38) (6,35) (6,37) (7,36) (8,35)
1 1 2 1 1 2 1 2
(10,33) (11,32) (15,27) (16,26) (16,27) (20,23) (21,22)
1 2 1 1 1 1 2
e(u),e(V)\uve E(Gs) (9,20) (10,11) (11,12) (12,13) (13,13) (13,214) (14,15) (15,16)
Number of bonds 2 4 4 7 1 7 5 4
(16,16) (16,17) (17,18)
1 4 5

s(u),s(V)\uve E(G5) (2,4) (3,6) (3,7) (3.8) (4,4) (4,5) (4,6) (4,7)
Number of bonds 3 1 1 2 4 2 1
(4,9 (5,5 (5,6) (5,7) (5,8) (5,9 (6,6) (6,7)

1 2 6 1 2 1 1 3

(6,8) (7,7 (7,8) (7,9) (8,8) (8,9) (9,9)
1 4 1 1 1 2 1

In the following theorem, we compute the different versions of multiplicative geometric-arithmetic indices of
remdesivir.

Theorem 3: Let G3 be the chemical structure of remdesivir. Then

() GAII(G,)= LZJ—J [fj x(ﬂjz. [zﬂm (2?J4x(4{§f. | |
v ]2 48] (] 1

w5

X

13 9 39 39
(3] (] 4] 08 0]
(EICE ]

X

;/
/ﬁ\

N

wg‘

N,

(00]
—

- (S )
+ J(“fJ il
[CaiEaRCalts

4 ( SRR EC |

+
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(iv) GA,II (GS):(@}ZX(2MJ4X(4@J4X(4@]7X(Z\/EJ7

19 21 23 25 27
2210 (815 (8417) (643
RN R EE
e 52 {5 { G {5 )
G
11 ) \13 11 12 13 7
o0Ji2) (af3) (aaY (3§7) (1242
{55 5 5

Proof: By using the definitions and cardinalities of the bond partitions of G, we deduce

() GAII(G,)= [] 2yd(u)d(v)

wet(sy) d(u)+d(v)

iseEhscRees =R =yl

1+2 1+3 1+4 2+2 2+3
(22x4 4X 23%3 GX 2J3x4 )
2+4 3+3 3+4 |

After simplification, we get the desired result.

(i) GAlI(G,)= [T 2w

uveE(Gs) n(u) + n(V)

R R AR (B

146 1+34 1+38 1+39 2+37
[23x12 lx 2\3x 23 1X 2\3% 36 2X 2Ax32 lx 2Jax33 )
3+12 3+23 3+36 44+32 4+33
(2534 1X 2J4%35 1>< 5% 34 ZX 2\J6%32 1>< 26x33 )
4+34 4+35 5134 6132 6133
(28531 1X 2J9%30 1x 210 29 1X 211 28 1X 2\12x24 )
8+31 9+30 10+ 29 11+ 28 12+ 24
(2:/13x2a lx 213% 25 1X TT% 22 1X 218x 21 1X 2J19x 20 |
13+ 24 13+25 17+ 22 18+ 21 19+20 |

After simplification, we get the desired result.

(i) GAII (G,)= [ 2mWmv)

wek(e,) M(U) +m(v)

:£2«/1x42J2 X[ZMJQ ){2\/%}1X(&/zaz}l[z/zwoj

1+ 42 1+43 2+8 2132 2440
(242541 GX 23% 39 ZX 2\JAx15 1X 2\J4%39 1X 2J4%26 )
2+41 3+39 4415 4439 4426
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[25x37 ZX 2J5%38 1X 2\J6%35 1X 2\J6x37 ZX 2736 )
5+37 5+38 6+35 6+ 37 7+ 36
(28535 ZX 12410%33 lx 2\11x 32 ZX 2\15% 27 1>< 2\J16% 26 |
8+35 10+ 33 11+ 32 15+ 27 16+ 26
[2:16x27 lx 2\20% 23 lx 2122 |
16+ 27 20+ 23 21+22 |

After simplification, we get the desired result.

) GAII(G,)= [] 2ye(u)(v)

wetie,) &(u)+&(v)

:£2\/9x1o Jz x(ZJlellI X£2«/11><12 T ><(2\/12x13 I X[2\/13x13 ]1

9+10 10411 11412 12413 13+13
(21314 7X 21415 SX 2\J15x16 4X 21616 lX 2J16x17 )
13+14 14+15 15+16 16+16 16+17
(2718 ’
17+18 |

After simplification, we get the desired result.

V) GAII(G,)= [] 2—\’S(u)s(v)

wets,) S(U)+(v)

(20258 (2Bx6) (23x7) (23x8) (24ax4)
| 2+4 3+6 3+7 3+8 4+4
[ 2/4x5 4X 2J4%6 ZX 2JAx7 1>< 2J4%9 1>< 25x5 )
4+5 4+6 4+7 4+9 5+5
[245%6 GX 2/5x7 lx 2/5%8 ZX 2/5%9 lx 2J6%6 )
5+6 5+7 5+8 5+9 6+6
[246x7 3X 268 1X 2J7x7 4X 2/7x8 1X 2J7x9)
6+7 6+8 7+7 7+8 7+9
(2858 lx 2./8x%9 ZX 2J9%9 )
8+8 8+9 9+9 |

After simplification, we get the desired result.
4. CONCLUSION

In this study, we have computed the first, second, third, fourth and fifth multiplicative geometric-arithmetic indices of
some important chemical structures.
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