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ABSTRACT
In Chemical Graph Theory, several degree based topological indices were introduced and studied since 1972. In
this paper, we compute the first, second, third, fourth and fifth multiplicative arithmetic-geometric indices of some
important chemical drugs which appeared in medical science.
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1. INTRODUCTION
Let G be a finite, simple connected graph with a vertex set V(G) and an edge set £(G). The degree d(v) of a vertex
v is the number of vertices adjacent to v. We refer to [1] for undefined term and notation.

A molecular graph is a simple graph related to the structure of a chemical compound. Each vertex of this graph
represents an atom of the molecule and its edges to the bonds between atoms. A topological index is a numeric
quantity from structural graph of a molecule. These indices are useful for establishing correlation between the
structures of a molecular compound and its physicochemical properties.

Very recently Kulli [2] introduced the first multiplicative arithmetic-geometric index of a graph G and it is defined
as

H d(u) +d (v) .
o) 2 (0)d ()

Many other multiplicative indices were studied, for example, in [3, 4, 5, 6, 7, 8, 9, 10].

AGII(G) =

Motivated by the definition of the first multiplicative arithmetic-geometric index and by previous research on
topological indices, Kulli proposed the second, third, fourth and fifth multiplicative arithmetic-geometric indices
[11] of a graph as follows:

The second multiplicative arithmetic-geometric index of a graph G is defined as
n(u)+n(v
ac1(6)= ] T8
uveE(G) 2 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 arithmetic-geometric index of a graph G is defined as

B m(u) +m(v)
AGH(G)= WQG) 2/m(u)m(v)

(34]
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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.

The fourth multiplicative arithmetic-geometric index of a graph G is defined as
elu)+elv
AG,II (G) = H M

(o) 2 ()2 (v)

where the number g(u) is the eccentricity of vertex u.

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

Aeaar= 117 5\(/?2;2((?)

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 [12, 13, 14, 15, 16].

In this paper, the first, second, third, fourth and fifth multiplicative arithmetic-geometric Zagreb indices of some
important molecular structures such as chloroquine, hydrochloroquine, remdesivir are computed. For chemical
drugs, see[17, 18].

2. RESULTS AND DISCUSSION: 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 Gy be the chemical structure of chloroquine. This structure has 21 atoms and 23 bonds, see Figure 1.

ISuS

R

=
Cl N

Figure 1. Chemical structure of chloroquine

From Figure 1, we obtain that

(1) {(d(u), d(v)) \ uv € E(G1)} has 5 bond set partitions,
(i) {(n(u), n(v)) \uv € E(G1)} has 10 bond set partitions,
(iii) {(m(u), m(v)) \ uv € E(G1)} has 12 bond set partitions,
(iv) {( €(u), e(v)) \uv € E(G1)} has 7 bond set partitions,
(iv) {( s(u), s(v)) \uv € E(G1)} has 10 bond set partitions.

Figure 1. Chemical structure of chloroquine

d(u), dv) \ uv € E(G1) (1,2) (1,3) (2,2) (2,3) 3,3)
Number of bonds 2 2 5 12 2
n(u), n(v) \uv € E(G1) (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(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)

(35]
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1 1 2 1 1 1
e(u), () \uv € E(G) (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)

Number of bonds 2.4 (3,5) 4,5) (4,6) (5,5
2 2 4 2 3

(5,6) 5,7 (5,8) (6,7) (7,8)
3 2 1 2 2

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

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

o (g {5 )

o aaor={ 5] {3 {3 () ()
{5 e (%)

o e )
X(S%Jlx(zjﬁjx(;ﬁf (431_J( J { J

™ AG“”(GI)Z(Q?’JX&%TX{éﬁfoj {N%J ( J ( J

o 4o6-(555) (5] (a5 (a0e) ()
X(éﬂ(ﬁ’o}(ﬁ%ﬂhﬁj

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

O acu(c)- ] L)

uveE(Gl)z\/W 5 |
z(zlﬁxizj X(;J%J x(;/%J X{zi%} X(z%}

After simplification, we obtain the desired result.

i) AG,I(G))= ) +n)
. 211(Gi) WEIET(GI)z n(uyn(v)
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_( 1+19 J X( 1+20 J X( 2+18 J X( 3+17 J X( 4+16 Jl
2J1x19 2120 22x18 2/3x17 2/4x16

o 518 4X 6+14 lxs 7+13 3X 9+11 ) (_10+10
27/5x%15 26x14 27 %13 2409x%x11 2410%x10 '
After simplification, we obtain the desired result.

i) AGII(G,)= () +m(v)
o $H1(G)= @g:2mWWW)

_( 1+21 sz( 1+22 TX( 2419 J X( 3+18 J X( 4417 JIX( 5+15 J
wix2at) (2v1x22 ) "\ 2v2x19 ) " 243x18 ) "\ 2vax17) "\ 25x15

y 5+16 y 6+15 y 7+14 y 8§+13 y 9+13 o 10+12
2+/5%x16 24/6x15 27x14 2+/8x13 24/9x%13 2210x12 )
After simplification, we obtain the desired result.

(v)  AGII(G)= 1;(10 )%

_( 7+7 JX( 8+7 JX( 8+9 JX( 9+10 J X( 10+11 J
207x7 ) \24/8x7 2/8x9 ) (24/9x10 2J10x11

X( 11+12 J“X 12413
2J/11x12 2WJ12x13 )
After simplification, we obtain the desired result

) AGII (G H )

_ 2:”1 345 4+5 4+6 545
(2J§§ZJ X{2J§§§J X(2JZ§§J X(2JZ§€J X{zJEZEJ

X( 5+6 JX( 5+7 J X( 5+8 JX( 6+7 sz( 7+8 Jz
2/5%6 24/5x7 2/5%8 2/6x7 2T %8
After simplification, we obtain the desired result.

3. RESULTS AND DISCUSSION: HYDROXYCHLOROQUINE
Hydroxychloroquine is another antiviral compound (drug) which has antiviral activity very similar to that of
chloroquine. These compounds have been repurposed for the treatment of a number of other conditions
including HIV, systemic lupus erythmatosus and rheumatoid arthritis .

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

From Figure 2, we obtain that

(1) {(d(u), d(v)) \ uv € E(G>)} has 5 bond set partitions,
(1) {(n(u), n(v)) \uv € E(G»)} has 9 bond set partitions,
(iii) {(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 partition

Table 2. Bond set partitions of hydroxychloroquine

d(u), dv) \uv € E(G) (1,2) (1,3) (2,2) (2,3) (3,3)
Number of bonds 2 2 6 12 2
n(u), n(v) \uv € 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) (6,106) (7,15) (8,14) (10,13) (11,12)
1 1 1 3 1 1
e(u), e(v) \uv € E(G») (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 (213) (214) (33”5) (4:‘5) (416) (535’5)
(5,6) (5,7) (5,8) (6,7) (7,8)
4 2 1 2 2

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

Theorem 2. Let G be the chemical structure of hydroxychloroquine. Then
2 2 12
3 2 5
() AG (G =(_J (_J (_J |
H@=55) \B) (26
2 4 4 4 1
21 11 21 21 21

i) AG,II(G,)= X X x x
(i) AG,11(G,) (2#20} (\/mJ (2#38} (2\/54J (S\BJ

(38]
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2B Y (2 (1Y (23 (1Y (21Y
i) AG.11 (G, ) =
(i) AG,11(G) @@J (m} *(m} (N@J (ﬁ}(s&ﬁ}
(11}1 (11}1 ( 11 Jl (11}3 ( 23 Jl ( 23 Jl
+ X X X X X .
J8s ) \ave ) T\ ovios) a7 27130 ) (24132
15 (17 Y (19Y (21 Y (23
i) AG,11(G,) =
() 4G,11(G;) (Mﬁj X(lzﬁj X(&/EJ X{%/IIOJ X(4\/§J
X( 25 TX( 27 Jz
439 4182 )
sY (3 (4 (9o (5 (1Y
AG.II(G,) =
w 4016)={ 37 | (575 ) 5 ) o) 28 aims)
6 Y 131(13JQ(15J2
X X X X .
(J%J (4\%} W42 ) “\a1a
Proof: By using the definitions and cardinalities of the bond partitions of G», we deduce

O AGH(G)= ] LWl

uveE(Gz)z\/W )
z(zlﬁxizj X(zlﬁxis} {2\2/%} X(zf/%} X(zf/%J '

After simplification, we obtain the desired result.

i) AG,II(G,)= ) + n(v)
. 211(G) WEIET(GZ)z n(uyn(v)

[ 1+20 J X‘{ 1+21 sz( 2419 TX‘{ 3+18 TX‘{ 5+16 J
2/1x20 2n/1x21 2219 2/3x18 2/5x16

o _6+1 L o[ 714 ) (10411 JX( 8+13 J
24/6x15 24/7x14 24/10x11 24/8x13 )
After simplification, we obtain the desired result.

i) AGI(G,)= m) + m(v)
w H1(G) WEIET(GZ)z m(u)m(v)

_2( 1+22 J X( 1+23 J X( 2+20 J X( 2+21 jx( 3+19 J“
24/1x22 21%23 242x20 242x21) (243x19

[ 5+17 X( 6+16 JX( 7+15 JX( 8+14 JX( 10+13 JX( 11+12 jl
2/5%17 2J6x16 2J7x15 2./8x14 21013 21112 )

After simplification, we obtain the desired result.

v)  AGH(G)= [] ) re(v)

weE(Gy) 2 g(u)g(v)

(39]
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[ 7+8 X( 8+9 J X( 9+10 JX( 10+11 J X( 11+12 JG
n7x8) "\ 248x9) "\ 2v9x10) "\ 2v10x11) "\ 2v11x12

o 12+13 y 13+14
21213 2J13x14 )
After simplification, we obtain the desired result.

) AGII (G H )

_ 2+3WEEG2 2+4 3+5 4+5 Y [ 446 5+5
(Nﬁ} (Nﬂ} {NﬁJ (NﬁJ {NWJ (NGJ

X( 5+6 J X( 5+7 J X( 5+8 Jlx( 6+7 sz( 7+8 Jz
2/5%6 2/5x7 2/5x8) \2J6x7 2J7x8)
After simplification, we get the desired result.

4. RESULTS AND DISCUSSION : REMDESIVIR

Remdesivir is an antiviral drug which was developed by the biopharmaceutical company Gilead Sciences.Let G3
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

(1) {(d(u), d(v)) \ uv € E(Gs3)} has 8 bond set partitions,
(i) {(n(u), n(v)) \uv € E(Gs3)} has 25 bond set partitions,
(iii) {(m(u), m(v)) \ uv € E(G3)} has 23 bond set partitions,
(iv) {( (u), e(v)) \uv € E(G3)} has 11 bond set partitions,
(iv) {(s(u), s(v)) \uv € E(G3)} has 23 bond set partitions.

Table 3. Bond set partitions of remdesivir

d(u), dv)\ uve E(G) 1,2y (1,3) (L4 (2,2 23 (24 (33 3,4

Number of bonds 2 5 2 9 14 4 6 2
n(u), n(v)\ ueE(Gs) (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)
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m(u),m(v)\uve E(G3) (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
4,390  (4,26) (537)  (538) (6,35 (6,37) (7,36)  (8,39)
1 1 2 1 1 2 1 2
(10,33)  (11,32) (1527) (16,26) (16,27) (20,23) (21,22)
1 2 1 1 1 1 2
e(u),e(V)\uve E(G3) (9,10) (10,11) (11,12) (12,13) (13,13) (13,14) (14,15) (15,16)
4

Number of bonds 2 4 4 7 1 7 5
(16,16) (16,17) (17,18)
1 4 5
Number of bonds 2 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 muliplicative arithmetic-geometic indices of

o a3 (3] (3 5 ()

o ace)-{7 (55 (5 () () () (55
U( J( J( J( Nzi%f
&%H Jl (Sfr}l (253%}( ) (H

161(6)-(55) (?gx(ﬂ ()] (o)

() (o) 555 o) ) (o)
+(2J421T0J(2j235 {ufJ (4 ioJ (NL%J (8323}
(i) (o) (i) (e (m)-

wacane)-( o) (5t ais) ok (3fs)
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X( 29 JSX( 31 TX( 33 TX( 35 JS
24210 &J15 ) \8J17 6V34 )
2 3 1 1 4 2
3 3 5 11 9 5
v) AGII (G, )= X X X X X
) 4G, l1(G,) (MJ (MJ (@J (MJ (MJ (MJ
(o) () s o) s ()
47) \12) “(2430) "\ 2435) (4ad10) (35
(”NWW(”I
X X X X X .
n42) \a3) \aia) 7)) a2
Proof: By using the definitions and cardinalities of the bond partitions of Gs, we deduce

@ AGI(G H V)

uveEG3 qu
_( 1+2 J X( 1+3 JX( 1+4 sz( 242 J X( 2+3 J”
24/1x2 24/1x3 2+/1x 4 24/2%2 24/2%3

X( 2+4 J (343 ) (344 Y
2\/2x 4 24/3x3 2\3x4 )
After simplification, we get the desired result.

(ii) AG,1I(Gy)= —2"(“) + 1)
uveE(G3) n(u)n(V)

_( 146 jx( 1+34 jx( 1+38 j X( 1+39 TX( 2437 j
20ix6) \21x34) "\ 2v1x38 )\ 2v1x39 )~ (242x37

X( 3+12 JX( 3+23 JX( 3+36 J X( 4+32 JX( 4+33 J
2/3x12 2/3%x23 23%36 2J4x32 2J4x33

X( 4+34 jx( 4+35 jx( 5+34 j X( 6+32 JX( 6+33 j
2J4x34 2J4x35 25 %34 2.J6x32 2./6x33

[_8+31 X( 9+30 JX( 10+29 JX( 11+28 JX( 12 +24 Jl
2./8x31 2/9%30 2/10x29 2J11%28 212 %24

([ 13+424 ) (13425 X( 17+22 JX( 18+21 JX( 19420 J
2/13x 24 23/13% 25 2/17x 22 2/18x21 2J19%20 )
After simplification, we get the desired result.

i) AGI(G)= ] tm)

uveE(G3) 2 m(u)m(v)

_( 1+42 j X( 1+43 J X( 2+8 JX( 2+32 JX( 2+40 J
Wix42 ) (241x43 ) (242x8) (242x32) (242x40

X( 2+41 j X( 3+39 J X( 4+15 JX( 4+39 JX( 4+26 J
22 %41 2/3x39 2J4x15 2J4%39 2J4%26

htytp: // www.ijesrt.com© International Journal of Engineering Sciences & Research T echnology
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X( 5437 j X( 5438 JX( 6+35 JX( 6+37 j X( 7+36 jl
25x37 2J5x38 )\ 206x35 )\ 26x37 2J7%36

X( 8+35 j X( 10+33 JX( 11+32 j X( 15+27 jx[ 16+26 j
2./8x35 21033 2J11x32 2J15%x27 21626

[ 16+27 ) ([ 20+23 X( 21+22 jz
24/16x 27 24/20x23 221x22 )
After simplification, we get the desired result.

@ 4G1(G)= TT %

11+12 12+13 13+13

_(23;—” +(21J%J +(2MJ +(2WJ +(2MJ

J{ 13+14 IJ{ 14+15 J J{ 15+16 J +( 16+16 JJ{ 16+17 J
2./13x14 214x15 21516 21616 216x17

N 17+18
2J17x18 )
After simplification, we get the desired result.

©  4GH(G)= T SWrst)

uveE(Gy) 2 S(U)S(V)

_( 244 J J{ 3+6 JJ{ 347 Jl{ 348 JJ{ 4+4 JZ
22x4 23x6 2\3x7 2/3x8 2Jax4
4 2

4+5 4+6

24 x5 24 %6

546 Y 5+71(5+8J2 5+9j (661
+ + + : + +

25%6 25x7

6+7 6+8
+

+

26 x7 2/6x%8

J{ 8+8 jl+( 8+9 j:( 9+9 jl
2./8x8 2/8%9 2J9x9 )’

After simplification, we get the desired result.

5. CONCLUSION
In this paper, we have computed the first, second, third, fourth and fifth multiplicative arithmetic-geometric
indices of some important chemical drugs which appeared in medical science.
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