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1. INTRODUCTION
In this study, G denotes a finite, simple, connected
graph, V(G) and E(G) denote the vertex set and edge set of

G. The degree dg (u) of a vertex u is the number of vertices

adjacent to u. Any undefined terminologies and notations
may be found in [1].

A topological index is a numerical parameter
mathematically derived from the graph structure. In
Chemical Graph Theory, concerning the definition of the
topological index on the molecular graph and concerning
chemical properties of drugs can be studied by the graph
index calculation. Several topological indices have been
considered in Theoretical Chemistry and many topological
indices were defined by using vertex degree concept [2].
The Zagreb, Nirmala, Gourava, Sombor, Revan, delta
indices are the most degree based topological indices in
Chemical Graph Theory, see [3-41]. Topological indices
have their applications in various disciplines in Science and
Technology [42-44].

A u-v path P in G is a sequence of vertices in G,
starting with u and ending at v, such that consecutive
vertices in P are adjacent, and no vertex is repeated. A path

T = V,Vy,..V 4 in G is a downhill path if for every i, 1 <
i<k dg(vi)=dg (Visg).

A vertex v is downhill dominates a vertex u if there
exists a downhill path originated from u to v. The downhill

neighborhood of a vertex v is denoted by Ny, (v) and

defined as: Ny, (v) = {u: v downhill dominates u}. The

downhill degree dg, (V)of a vertex v is the number of

downhill neighbors of v [45].
The Nirmala alpha Gourava index [46] was defined as

NG(G)= 3 yJdg () +dg (V) +dg (Wdg (V).

uveE(G)

Motivated by the definition of Nirmala alpha Gourava
index, we introduce the downhill Nirmala alpha Gourava
index of a graph and it is defined as

DWNG(G)
= Y g W+ dgy (V7 + gy (W gy (V).

uveE(G)

Considering the downhill Nirmala alpha Gourava
index, we introduce the downhill Nirmala alpha Gourava
exponential of a graph G and defined it as

DWNG(G,x)= ¥ oV W+, (070, (W), (V)
uveE(G)
We define the modified downhill Nirmala alpha
Gourava index of a graph G as

MDWNG(G)
1

uveE(G) \/ddn (U)2 + ddn (V)2 + ddn (U)ddn (V)

5276‘

V.R.Kulli, IJIMCR Volume 13 Issue 06 June 2025


https://doi.org/10.47191/ijmcr/v13i6.01

“Downhill Nirmala Alpha Gourava Indices of Chloroquine, Hydroxychloroguine and Remdesivir”

Considering the modified downhill Nirmala alpha
Gourava index, we introduce the modified downhill Nirmala

alpha Gourava exponential of a graph G and defined it as
1

"DWNG(G,x)= 3 xV0alt) s 0 ()
uveE(G)

Recently, some downhill indices were studied in [47-53].

In this paper, the downhill Nirmala alpha Gourava
index, modified downhill Nirmala alpha Gourava index and
their corresponding exponentials of certain chemical drugs
are computed.

I1. RESULTS FOR SOME STANDARD GRAPHS
Proposition 1. Let G be r-regular with n vertices and r> 2.
Then

DWNG(G)=W.

Proof: Let G be an r-regular graph with n vertices and r > 2

nr
and > edges. Then dg, (V) =n—1 for every v in G. We

obtain
DWNG(G)
= 3 gy (W +dgy (V) + dgy (W (V).
uveE(G)
Z%J(n_1)2+(n—1)2+(n—1)2
:nr\/§(n—1)
2

Corollary 1.1. Let C, be a cycle with n> 3 vertices. Then

DWNG(C,,)=+/3n(n-1).
Corollary 1.2. Let K, be a complete graph with n> 3
vertices. Then

:\/§n(n—1)2

DWNG (K, ) >

Proposition 2. Let P, be a path with n> 3 vertices. Then
DWNG (P, )=(n-1)(+/3n+2-33).

Proof: Let P, be a path with n> 3 vertices. Clearly, Py has
two types of edges based on the downhill degree of end
vertices of each edge as follows:

E: = {uv OE(G)| dan(u)=0, dan(v) =n—1}, |E4]

DWNG (P,)

= Y gy () +dgy (0 + gy () dgy (V)

uveE(PR,)

—2J02 +(n-1)2 +0(n—1)
+(N=3)Y(n-1D%+(n-1)° +(n-1)°

=(n-1(3n+2-3V3)

Proposition 3. Let Ky, be a complete bipartite graph with
m<n. Then

DWNG (K, )= mn?.

Proof. Let Ky, be a complete bipartite graph with m< n.
There are m-+n vertices and mn edges. Clearly, Knn has one
type of edges based on the downhill degree of end vertices
of each edge as follows:

E1 = {uv €E(Kmn )| dan(u)=0, dan(v) = n}, |Eql =

mn.
Then
DWNG (K, )
= Y Jdg (WP +dgy (v +dg (W dgy (V)
uveE(K,,)

=mn+y/0? +n? +0n = mn?.

I1l. RESULTS FOR WHEEL GRAPHS
Let W, be a wheel with n+1vertices and 2n edges, n>4.

Then there are two types of edges based on the downhill
degree of end vertices of each edge as follows:

E; = {uv €E(Wh) | dan(u) = n, dan(v) = n -1},

E> = {uv €E(Wh) | dan(u) = dan(v) =n -1},

|E2|=n.
Theorem 1. Let W, be a wheel with n+1vertices and 2n
edges, n=4. Then

DWNG (W, ) =nv3n® -3n+1++/3n(n-1).

Proof. We deduce
DWNG (Wn )

= Y g (W 4 dgy (W +dgy (W dgy (V)

uveE(Wn)
= n\/n2+ (- D'+ n(n- D
+n\/(n- D'+ (- D'+ (- 1)
= n/3n2- 3n+ 1+ 3n(n- D).

2.
E2 = {uv OE(G)| dgn(U)=dan(v) =n—-11}, B2 =
n-3. Theorem 2. Let W, be a wheel with n+1vertices and 2n
Then edges, n=4. Then
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DWNG (Wn , X) — nxm 4 nx\/g(n_l).

Proof. We obtain

DWNG(G,x)= ¥ 8 (0 0, (1) 4 (), (1)
uveE(G)

nX\/n2+(n—1)2+n(n—l) J(h—1 +(n—1)* +(n-1)?

+ nX
2
- nXx/3n 341y nX\/§(n- D

Theorem 3. Let W, be a wheel with n+1vertices and 2n
edges, n=4. Then

™ DWSO (W, ) = n P L
(W) Jan2_3n+1 V3(n-1)

Proof. We deduce
"DWNG(G)
_ 1
weE(G) \/ddn (W) +dgy (V) +dgy (W) dg, (V)
_ n
\/n2+ (- D°+n(- D
. n
Jo- D'+ (- D'+ (-

n n

= +
J3n2- 3n+1 3(-

Theorem 4. Let W, be a wheel with n+1vertices and 2n
edges, n=4. Then

1 1
m DWSO (Wn , X) = nx\/2n2—2n+1 + nxﬁ(”—l),
Proof. We obtain

1
Z )(Jddn(u)erddn(v)2

uveE(W,)

"DWSO(W,, ) =

1 1
— x| e -0 (00

1 1
— nX\/2n2- 2+l 4 nX\/E(n—l)

IV. 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 G be the chemical structure of chloroquine. This
structure has 21 vertices and 23 edges, see Figure 1.

Lo

~

—
cl N
Figure 1. Chemical structure of chloroquine

From Figure 1, we obtain that
{(dgy (u),dg, (V) ) \ uv €E(G)} has 13 edge set
partitions.

Table 1. Edge set partitions of chloroquine

i ()0, ()1 O09) €9 09 @7) (47

1 1 2
uv € E(G)
Number of edges (2> (1*4) 22) (11) (09
1 4 1 2
(05 (04) (0,1)
2 2 2

We calculate the downhill Nirmala alpha Gourava
index of chloroquine as follows.

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

DWNG(G) = 27+/3 + 24/103 + /91 + /67
+2\/§+\/@+\/271+38.

Proof: We deduce

> Jdg, (W +dy, (V) + g, (u)dy, (v)

uveE(G)
=29 + 9% +9x 9+ 242% +9% +2x9
NP + 9 +1x9 +1N2% + 72 + 2% 7 + 241 + 72 +1x 7
HIN22 452 4+ 2x5 4112 + 42 +1x 4 + 422 +22 4 22
N2 412 411 + 2402 + 92 + 0x 9 + 2402 + 52 + 0x5
+240% + 4% +0x4 + 2407 +1° + 0% L.

DWNG(G) =

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

We calculate the downhill Nirmala alpha Gourava
exponential of chloroquine as follows.

Theorem 2. Let G be the chemical structure of chloroquine.
Then
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DWNG (G, x) = 2x>® + 2x7% 1% 1% Y57

F2x57 113 1% ax?B L 1xB 4 2x0
+2x° + 2x* + 2%

Proof: We deduce

DWNG(G,x)= 3 X\/ddn(u)z+ddn(v)2+ddn(u)ddn(v)
uveE(G)

_ 2X\/92+92+9x9 + 2X\/22+92+2><9 +1X\/12+92+1><9 +1X\/22+72+2><7

+2X\/12+72+1><7 +1X\/22+52+2><5 +1XJ12+42+1x4 + 4X\/22+22+2><2

V1241211 J02 192 10x9 024521055
+1x +2X +2X

02 142 y0x4 Jo2 412 +0x1

+2X +2X

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

We compute the modified downhill Nirmala alpha Gourava
index of chloroquine as follows.

Theorem 3. Let G be the chemical structure of chloroquine.
Then

2 2 1 1 2
"DWNG(G) =
0J3 V103 ol o7 57
1,1 4 1.2 2 .22
ENRNZ RPN N 41
Proof: We derive
"DWNG(G) =
) 1
_ _ ;
uveE(G)\/ddn(u) +ddn(v) +ddn(u)ddn(v)
2 2 1
= + +
J9P 192 +9x9 22 +9712x9 V12497 +1x9
+ 1 + 2 + =
J22 177 4+2x7 2477 +1x7 22 +52+2x5
+ L + : * =
+4° +1x +2°4+2X% +1 +1X
VP8 41x4 224224252 P40 +1xl
+ 2 + 2 + 2
+9%+0x +5% +0x +4% +0x
J0?+9710x9 02 +5 +0x5 07 +47 +0x4
2

+

\0? +17 +0x1

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

We compute the modified downhill Nirmala alpha Gourava
exponential of chloroquine as follows.

Theorem 4. Let G be the chemical structure of chloroquine.

Then
1 1 1 1

"DWNG (G, x) = 2x9V3 4 28 4 1y PL | 1 BT
1 1 1 1 1 1
42XV 1 1x3 £ 1xV2 4 4x2B 1 1xVE 4 2x9
1 1
+2X5 + 2x4 + 2x.

Proof: We derive
1

X\/ddn(u)erddn(v)2+ddn(u)dd"(v)

"DWNG(G,x) =
uveE(G)
1 1 1 1
— Oy V490 | Dy 221924230 | {0410 | 1y V2P +772xT

1 1 1 1
+2X\/12+72+1><7 +1X\/22+52+2><5 +1X\/12+42+l><4 +4X\/22+22+2><2

1 1 1 1
+1X\/12+12+1x1 +2X\/02+92+0><9 +2X'\/02+52+0><5 +2X\/02+42+0><4

1
+2X\/°2 +1240x1 )
After simplification, we obtain the desired result.
V. RESULTS AND DISCUSSION:
HYDROXYCHLOROQUINE

Hydroxychloroquine is another antiviral drug which
has antiviral activity very similar to that of chloroquine.
These drugs have been repurposed for the treatment of a
number of other conditions including HIV, systemic lupus
erythmatosus and rheumatoid arthritis.

Let H be the chemical structure of
hydroxychloroquine. This structure has 22 vertices and 24

edges, see Figure 2.
JW (\OH
N
HN ~

~

-~

Cl N
Figure 2. Chemical structure of hydroxychloroquine

From Figure 2, we obtain that
{(dgy (W), dg, (V) )) \ uv € E(H)} has 14 edge set

partitions.
Table 2. Edge set partitions of hydroxychloroquine

dy (W), dg, (V) (99) (29) (19 (28) (18)
2 1 2 1
\uv € E(H)
Number of edges (25 (1.4 22 (11 (09
1 1 5 1 2
0,5 (0,4 (0,2) (0,1)
2 2 1 1
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We calculate the downhill Nirmala alpha Gourava
index of hydroxychloroquine as follows.

Theorem 5. Let H be the chemical structure of
hydroxychloroquine. Then

DWNG (H) = 29+/3 + 24/103 + /91 + 2/84
+\/@+\/ﬂ+39.

Proof: We deduce

3 Jdg (W) +dgy (V) + iy, (e, (V)

uveE(H)

—2J92 +9% 1 9% 9+ 222 +9% +2x9
PN +9% +1x9 + 2422 + 82 +2x8 + 1417 + 8% +1x8

DWNG(H) =

12?2 +52 4 2x5 4112 + 42 +1x 4 +522 + 2% +2x2
+112 412 +1x1+2\/02 +9? +0><9+2\/02 +52+0x5

42402 + 4% +0x4 +14J0 + 2% + 0x 2 +14/0% +1% + O x1.

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

We calculate the downhill Nirmala alpha Gourava
exponential of hydroxychloroquine as follows.

Theorem 6. Let H be the chemical structure of
hydroxychloroquine. Then

DWNG (H, x) = 2x*% 4 2x1% 4 1% 1 o8

A 10 1 1x02 1 5x2B L 1x B 2x® 4 28

+2x4 + 1% + 21X

Proof: We deduce

DWNG(H,x)= 3 xVi v, v
uveE(H)

_ 2X\192+92+9x9 " 2X\/22+92+2><9 +1X\/12+92+1><9 " 2X\/22+82+2><8

1X\/12+82+1><8 1X\/22+52+2><5 1X\/12+42+1><4 +5X\/22+22+2x2

V0% +524+0x5

+ + +

N/ J0% +921+0x9

+2X +2X

02142 10x4

+1x

Jo2 122 10x2 Jo?11210x1

+2X +1x +1x
By simplifying the above equation, we obtain the desired
result.

We compute the modified downhill Nirmala alpha Gourava

index of hydroxychloroquine as follows.

Theorem 7. Let H be the chemical structure of
hydroxychloroquine. Then

2 2 1 2 1

"DWNG(H)=
90/3 103 ol B4 73
1,1 .5 1.22211
"B V2 253 V3 95 421
Proof: We derive
"DWNG(H) =
) 1
_ _ -
UVeE(H)\/ddn(U) +ddn(V) +ddn(u)ddn(V)
2 2 1
= + +
V9192 +9x9 22497 12x9 17192 +1x9
2 1 1
+ + +
V2218 12x8 1P +82+1x8 22 +5° +2x5
+ ! + > + =
VP + 42 +1x4 22422 12x2  J2+12+1x1
2 2 2
+ + +
JO? 492 +0x9 JO?+52+0x5 07 +4% +0x4
1 1

+ + :
J02+2240x2 +J0?+1%2 +0x1

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

We compute the modified downhill Nirmala alpha Gourava
exponential of hydroxychloroquine as follows

Theorem 8. Let H be the chemical structure of
hydroxychloroquine. Then

1 1 1 1
"DWNG (H, x)=2x%8 4 2x103 4 1x Vo1 4 284
L L T
FIxVB 413 £ 1xV2L 4 5x2B 413 4 2x°
1 1 1

+2X5 +2X4 +1x2 +1x%.

Proof: We derive
1

"DWNG(H,x)= 3 V4o 0+, (V) 0, (W, (V)
uveE(H)
1 1 1 1
— OV 040x0 | oy 2240742x0 | |y P47 10 | 9y 22187428

1 1 1 1
+1X\/12+82+1><8 +1X422+52+2x5 +1X\/12+42+1><4 +5X\/22+22+2><2

1 1 1 1
+1X\/12+12+l><1 +2XJ02+92+OX9 +2X'\/02+52+0><5 +2X\/02+42+0><4

1 1
+1X\/02+22+0><2 n 1X\/02+12+0><1
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By simplifying the above equation, we get the required
result.

After simplification, we obtain the desired result.

VI. RESULTS AND DISCUSSION: REMDESIVIR
Remdesivir is an antiviral drug which was developed by the
biopharmaceutical company Gilead Sciences. Let R 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
{(dgy (W),dg, (V) )) \ uv € E(R)} has 20 edge set
partitions.

Table 3. Edge set partitions of remdesivir

dy, (),dg, (v) 919 (7.19) (99) (29) (L9)

\uw € ER) 1 3 2 2
Numper ofedges ) A7) 65 @48) (19)
1 1 2 4
15 @44 (22 11 (019
1 4 > 3 2
0,9 (0,7 (06) (05 (01)
103 4 3 2

We calculate the downhill Nirmala alpha Gourava
index of remdesivir as follows.

Theorem 9. Let R be the chemical structure of remdesivir.
Then

DWNG (R) =+/613 ++/543 + 704/3 + 24/103 + 24/91
57 + 419 + 4+/43 + /31 +109.

Proof: We deduce
DWNG(R)= 3 yJd,, (u)’ +dy, (W) +dy, (W)dy, (v)

uveE(R)

—14/9% +19% +9x19 +14/7% +19% + 7x19

+3V9%2 +92 4 9% 9 + 2422 + 92 4+ 2x9 + 2412 +9% +1x9

N+ TP 4T xT +IN2 + 7% +1x 7 +136% + 62 + 6x6
+23 8 +6° +4x6 + 412 +62 +1x6 + 117 + 5% +1x5
HNG + 8+ 4x 4+ 2027 + 27 +2x2 + 312 +12 +1x1
+24/0% +19% +0x19 +140? + 9% + 0x9

+3J02 +7% +0x 7 +44/0% + 62 +0x6

+3702 +52 +0x5 +24/02 +1% + 0x1.

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

We calculate the downhill Nirmala alpha Gourava
exponential of remdesivir as follows.

Theorem 10. Let R be the chemical structure of remdesivir.
Then

DWNG(R x)

—1x VB | 1x V58 | 398 | oy 103 | oy Bl | oy 7B

FIXPT p x5 4 ox 20 4 4y VB | 1y 4yt

$2x2B 3% £ 2% 1 1x° 43X + 4 +3x° 42X

Proof: We deduce

DWNG(RX)= 3 x \/ddn(u) +dqy (V) +d, (W, (V)

uveE(R)

J72 119717519 92 192 +9x9

+3X

N C

+1x

12197 11x9

_ lXng 11924919

22192 12x9 NN

+1x

1X412 +52+1x5

+2X +2X

J42 167 14x6

+2X

1X\/62+62+6><6

12167 11x6

+ +2X +4x +

42142 1axa J22 1221 2x2 V12422114 2)(\/02 +19%+0x19

+3X
J02 162 10x6

+4x +2X +

J02 192 10x9 Jo2 172 10x7

+4xX

+1x +3X

02 +5210x5 JoZ210x

+3X +2X

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

We compute the modified downhill Nirmala alpha Gourava
index of remdesivir as follows.

Theorem 11. Let R be the chemical structure of remdesivir.
Then

"DWNG(R) = 2

1 3
\/61 \/54 Jé J103
1
9

2 2 1 1 2 4 1
+ + + +

Jo1 743 57 643 2419 43 VB3I
L4 .2 8,213 43,2
403 243 3 19 7 6 5 1

Proof: We derive
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" DWNG(R) =
B 1
WeE(R) \/ddn (U)? +dgy (V) +dyy (W) g, (V)
V92 +192 +9x19 /72 +192 + 7x19
3 2 2
+ + +
V92197 49x9 22497 42x9 12492 +1x9
2 1 1
+ + +
NP2+ 72+7x7 P2 +72+1x7 /62 +67 +6x6
2 4 1
+ + +
VA +67 +4x6 12 +67+1x6 12 +52 +1x5
+ 4 + 2 + 2
J# 184 1 4xd 22122 12x2 1P+ +1x1
2 1
+ +
J0? +192 +0x19 /0% +92 +0x9
3 4
+ +
J0? 172 40x7 02 +62+0x6
3 2

+ + .
J0? £52 10x5 /02 +12+0x1

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

We compute the modified downhill Nirmala alpha Gourava
exponential of remdesivir as follows

Theorem 12. Let R be the chemical structure of remdesivir.
Then

1 1 1 1
"DWNG (R, x) =1x V13 1188 4 3x9¥8 4 2103

1 1 1 i L 1
42XV 4 2x7V3 114 2x PB4 41XV 4 2x 29 4 4x

1 1 1 1 1 1 1
+IX P 4 4x 4B 4 2x2B 4 3x VB 4+ 210 +1x9 +3%7

1 1
+4X5 +3x5 + 2",

Proof: We derive
1

" DWNG (R, X) = Z X\/ddn(u)2+ddn(v)2+ddn(u)ddn(v)
uveE(R)
1 1 1

— VO 91949 |y TEH19PTA9 | Gy 07497199

1 1 1 1
+2X\/22+92+2><9 +2X\/12+92+1><9 +2X'\/72+72+7><7 +1X\/12+72+1><7

1 1 1 1
+1X\/62+62+6x6 +2X\/42+62+4><6 +2X«/12+62+1><6 +1XJ12+52+1x5

1 1 1 1
+4X\/42+42+4><4 +2X\/22+22+2><2 +3XJ12+12+1x1 +2X\/02+192+0><19

1 1 1
+1X\/02+92+0><9 +3X\/02+72+0><7 +4X«/02+62+0><6

1 1
13X J02 52 +0x5 4 2X\/°2 +12+0x1

After simplification, we obtain the desired result.

VIl. CONCLUSION

In this paper, the downhill Nirmala alpha Gourava
and modified downhill Nirmala alpha Gourava indices are
defined. Also these newly defined indices and their
corresponding exponentials of certain chemical drugs are
determined.
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