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ABSTRACT
In this paper, we introduce the first and second hyper downhill indices and their polynomials of a graph. Also we
determine these newly defined the first and second hyper downhill indices and their polynomials for some
important chemical drugs such as chloroquine, hydroxychloroquins and remdesivir.
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1. INTRODUCTION
In this paper, G denotes a finite, simple, connected graph, V(G) and E(G) denote the vertex set and edge set of G.

The degree de () of a vertex u is the number of vertices adjacent to u. 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.

= Vl,VZ,.

L) > A
Apath © Vit in G is a downhill path if for every i, 1 <1 <k, 96 ()2 dg (Viu1).
A vertex v is downhill dominates a vertex u if there exists a dowmhill path originated from u to v. The downhill

Ndn (V) Ndn (V) ={

neighborhood of a vertex v is denoted by and defined as: u: v downhill dominates u}. The

ddn (V)

downhill degree of a vertex v is the number of downhill neighbors of v [1].

The first and second downbhill Zagreb indices were introduced by Al-Ahmadi et al. in [1] and defined as

DWM, (G)= 3 (d,, (u))’.

ueE(G)
DWM, (G) = Z(: )ddn (u)ddn (V)
uveE(G

Recently, some downhill indices were studied in [2, 3, 4, 5].

A new version of the first downhill index is defined as

DWM, (G)= 3 [dg, (u)+dg (V)]

uveE(G)

We now define the first and second hyper downhill indices as

HDW,(6)= 3 [0 1)+, ()]

uweE(G)
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HDW,(G)= Y [d,, (u)d,, (V)]

ueE(G)

Considering the first and second hyper downhill indices, we propose the first and second hyper downhill
polynomials of G, defined respectively as

DU (6,x)= 37 xieeet?

uveE(G)

HDW, (G,x)= 3 xl*(re ]

uveE(G)

HDWZ (Gx X) = Z X[ddn(u)ddn (V):'z .

uveE(G)

Recently, some topological indices were studied in [6-11].

In this paper, we compute the first and second hyper downhill indices and their polynomials of chloroquine,
hydroxychloroquine and remdesivir.

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 G be the chemical structure of chlorogine. This structure has 21 vertices and 23 edges.

ISy

~

o
a N
Figure 1. Chemical structure of chloroquine

From Figure 1, we obtain that

{( A (1), dgn (V) ) \uv 01 E(G)} has 13 edge set partitions.

Qoo W, gy V), O9 @9 @9 @) (L)
E(G)
Number of edges (12’5) §1'4) 512'2) (11'1) 20'9)
(0,5) 0,4 0,2)
2 2 2

We calculate the first downhill index and its polynomial of chloroquine as follows.

Theorem 1. Let G be the chemical structure of chloroquine. Then
() DWM, (G) =161

iy DWM 1 (Gx)=2x" +2x" +1x"% +3x° + 2x® +1x” +3x° + 6x* +1x* + 2x'
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Proof: By using the definitions and edge partition of G, we deduce

DWM, (G)= > [dg, (u)+dg (V)]

(l) UVEEG
=(9+9)2+(2+9)2+(1+9)1+(2+ 7)1+ (1+7)2+(2+5)1+(1+4)1
+(2+2)4+(1+1)1+(0+9)2+(0+5)2+(0+4)2+(0+1)2
By simplifying the above equation we get desired result.

DWM; (G,x)= 3 x%(t)rdaly
(”) UVeE )
— 2X9+9 + 2X2+9 1 1+9 +1X2+7 + 2X1+7 +1X2+5 1X1+4
FAXT2 I 4 2x%0 42X 42X 42X

By simplifying the above equation, we get desired result.
We calculate the first hyper downhill index and its polynomial of chloroquine as follows.

Theorem 2. Let G be the chemical structure of chloroquine. Then
HDW, (G) =1587

(i)
iy HOWA(G.x) = 2x%% 4 2% 410 4 3%+ 2% +1x ¥ +3x%° 4 6x™° +1x* + 2%
Proof: By using the definitions and edge partition of G, we deduce

HDW, (G)= 3 [d,, (u)+d, (v)]

uveEG
=(9+9)°2+(2+9) 2+(1+9) 1+ (2+7) "1+ (1+7) 2+(2+5)°1+(1+4)’1
+(2+2)24+(1+1)21+(0+9)22+(0+5)22+(0+4)22+(O+1)22
By simplifying the above equation, we get desired result.
HDW, (G, X) Z X[ 0a(0)130(0)]
(ii) UVEE

:2X9+9 +2X2+9 +1X1+9 +1X2+72+2X1+72+1X2+52+1X(l+4)2

2+2 1+1 0+9 0+5 0+4 O+1

44X ZD x4 g0  ox(048) 4 oy (0+4) | oyl

By simplifying the above equation, we get desired result.
We calculate the second hyper downhill index and its polynomial of chloroquine as follows.

Theorem 3. Let G be the chemical structure of chloroquine. Then
() HDW, (G) =14326

(ii) HDW, (G, X) = 2x%% 4 2% 1 1x® 4+ 1x'% 4+ 2x* +1x'® + 5x° +1x' + 8

Proof: By using the definitions and edge partition of G, we deduce
HDW, (G)= 3 [ddn w7
(l) uveE(G
=(9%9)° 2+ (2x9)"2+(1x9)" 1+ (2x7)° 1+ (1x7)" 2+ (2x5)" 1+ (1x 4)’1
+(2x2)" 4+ (1x1)"1+(0x9) 2+ (0x5)* 2+ (0x 4)* 2+ (0x1)* 2
By simplifying the above equation, we get desired result.
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HDW, (G, x)= Y, X%l

(ii) uveE(G)

= 2x(®" 4 ox®O L 1) {12 oI |y 8 gyl

+axZA" 0" | oy(00)" oy (O8] | oy (04 | oy (o)
By simplifying the above equation, we get desired result.

3. RESULTS AND DISCUSSION: HYDROXYCHLOROQUINE

Let H be the molecular structure of hydroxychloroquine. Clearly H has 22 vertices and 24 edges, see Figure 2.

(\OH
HNJ\/\/N\,/

~

~

cl N
Figure 2

From Figure 2, we obtain that

{( Ay (U), dy (V) \uv [ E(H)} has 14 edge set partitions

dg, (u)'ddn (v) \w O (9,9 22,9) (11,9) 22,8) 21,8)
E(H)
Number of edges (12’5) (11’4) gZ'Z) glll) 20’9)
(0,5) 0,4) 0,2 0,1
2 2 1 1

We calculate the first downhill index and its polynomial of hydroxychloroquine as follows.

Theorem 4. Let H be the chemical structure of hydroxychloroquine. Then
() DWM, (H ) =170

(i)
Proof: By using the definitions and edge partition of H, we deduce

DWM; (H)= > )[ddn(U)+ddn(V)]

i weE(H
! (9+9)2+(2+9)2+(1+9)1+(2+8)2+(1+8)1+(2+5)1+(1+4)1
+(2+2)5+(1+1)1+(0+9)2+(0+5)2+(0+4)2+(0+2)1+(0+1)1
By simplifying the above equation, we get desired result.

DWM; (H,x)= 3 x%(t) ()
(ii) uveE(H)

DWM; (H,x)=2x" +2x™ +3x'% +3x° +1x" +3x° + 7x* + 2x% + 1.

http: // www.ijesrt.com®© International Journal of Engineering Sciences & Research Technology

[26]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.



http://www.ijesrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

i it THOMSON REUTERS

ISSN: 2277-9655
[Kulli, 14(4): April, 2025] s Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

_ 9+9 249 1+9 2+8 1+8 2+5 1+4
=2X77 42X 41X 42X + 1T +1XT +1X

+5X2+2 +1X1+1 + 2X0+9 + 2X0+5 + 2X0+4 1X0+2 +1X0+1
By simplifying the above equation, we get desired result.

We calculate the first hyper downhill index and its polynomial of hydroxychloroquine as follows.

Theorem 5. Let H be the chemical structure of hydroxychloroquine. Then
HDWl(H ) =1678

(i)
(i) HDW, (H,x)=2x>* +2x"" +3x'% + 3x®" +1x* + 3x® + 7x™ + 2x* +1x".
Proof: By using the definitions and edge partition of H, we deduce

HDW,(H)= [ddn )+dg, (V)]

UVEE
:(9+9) 2+(2+9) 2+(1+9)21+(2+8)22+(1+8)21+(2+5)21+(1+4)21
+(2+2)° 5+ (1+1)°1+(0+9)° 2+(0+5)° 2+(0+4)° 2+(0+2)°1+(0+1)°1
By simplifying the above equation, we get desired result.

HDWl(H,X)z Z ‘:ddn Jrdg(v )]2
(ii) uveE(H)

2 2 2 2 2 2 2
— 2X 9+9 + 2X 2+9 +1X 1+9 + 2X 2+8 +1X 1+8 +1X 2+5 +1X 1+4

2+2 1+1 O+9 0+5 0+4 0+2 0+1

15X x4 ox(040 | oy (048] | oy (0447 | 15 (0+2)" 4 14

By simplifying the above equation, we get desired result.
We calculate the second hyper downhill index and its polynomial of hydroxychloroquine as follows.

Theorem 6. Let H be the chemical structure of hydroxychloroquine. Then
() HDW, ( H ) =14624

(ii) HDW, (H,X) = 2% 1 2x32* 4 15 1 2x% 1 1% +1x1% 4+ 6x%° +1x! +8

Proof: By using the definitions and edge partition of H, we deduce

HDW, (H)= > [d,,(u)d, (V)]

(l) uveE(H)
=(9%9)° 2+ (2x9)"2+(1x9)* 1+ (2x8)* 2+ (1x8)*1+ (2x5)"1+ (1x4)’1
+(2x2)° 5+ (1x1)°1+(0%x9) 2+ (0x5)° 2+ (0x 4)* 2+ (0x 2)*1+ (0x1)°L
By simplifying the above equation, we get desired result.

HDW, (H,x)= 3 x[dd" %
(”) uveE(H

2 2 2 2
= 2x( +2x2x9 FIXED 4 oy |y | (@) | gy 0a)

2><2 0><9 0><5 O><4 0><2 O><1

+5x( +1x® +2x F 1 ox(@9" 4 ol +1x0" 4 1x(

By simplifying the above equation, we get desired result.

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

From Figure 3, we find that

{( A (1), dgn (V) ) \uv 71 E(R)} has 20 bond set partitions.

Table 3, Edge set partitions of remdesivir

dgn (U),dgy (V) 019 (19 @9 @9 @9 @7  @7) (66)
\WEER) 1 1 3 2 2 2 1 1
Number of edges (24,6) 21,6) (11,5) 24,4) gz,z) gl,l) (20,19) (10,9)
07 (06 (05 (01)
3 4 3 2

We calculate the first downhill index and its polynomial of remdesivir as follows.

Theorem 7. Let R be the chemical structure of remdesivir. Then
0 DWM;, (R)=407
iy DWME (R X) =16 +1x%° 3% 4 x4 4x00 4 260 +5x + 12 +7X

+5x° +2x* +3x% + 2x° +1x° +3x° + 2x*

Proof: By using the definitions and edge partition of R, we deduce

DWM; (R)= D" [dg, (u)+dg, (V)]
(l) ungR
=(9+19)1+(7+19)1+(9+9)3+(2+9)2+(1+9)2+(7+7)2+(1+7)1
+(6+6)1+(4+6)2+(1+6)4+(1+5)1+(4+4)4+(2+2)2+(1+1)3
+(0+19)2+(0+9)1+(0+7)3+(0+6)4+(0+5)3+(0+1)2
By simplifying the above equation we get desired result.

DWM Z X Ao (U)+des (v
(ii) uveE
=1X9+19+1 7+19+3X9+9 +2X2+9+2X1+9+2X7+7 1 1+7 +1X6+6+2X4+6+4X1+6

+1X1+5 + 4X4+4 + 2X2+2 +3Xl+l + 2X0+19 1 0+9 + 3X0+7 + 4X0+6 +3X0+5 + 2X0+1
By simplifying the above equation, we get desired result.

We calculate the first hyper downhill index and its polynomial of remdesivir as follows.
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Theorem 8. Let R be the chemical structure of remdesivir. Then
() HDWl(R) =5377

iy FOWA (Rox) =X+ 10 362 4 2128 4 40 1 290 4 5 1144 4 7

361

+5%% 4+ 2xM 4+ 3x* + 22X +1x¥ +3x® + 2%

Proof: By using the definitions and edge partition of R, we deduce
HDW, (R)= Y [d,, (u)+dy, (V)]
(|) uveE R
=(9+19) 1+(7 +19) 1+(9+9)2 3+(2+9)2 2+(1+9)2 2+(7 +7)2 2+(1+ 7)21
+(6+6)°1+(4+6) 2+(1+6) 4+ (1+5) 1+ (4+4) 4+(2+2) 2+(1+1)°3
+(0+19)°2+(0+9)°1+(0+7)*3+(0+6)"4+(0+5)"3+(0+1)*2
By simplifying the above equation, we get desired result.

HDW, (R, x) = Z XL (1)
(ii) uveE(R

:1X(9+19)2 +1X(7+19)2 +3X(9+9)2 + 2)((2+9)2 + 2)((1+9)2 + 2)((7+7)2 +1X(1+7)2 +1X(6+6)2 + 2X(4+6)2 +4X(1+6)2

1+5 4+4 2+2 1+l O+19 0+9 O+7 O+6 0+5 O+1

F1x®9 4 g £ 2xE gy @y oy (010 | 1 (0+9) | gy (047)T | gy (046 4 3 (0+5) | oy

By simplifying the above equation, we get desired result.

We calculate the second hyper downhill index and its polynomial of remdesivir as follows.
Theorem 9. Let R be the chemical structure of remdesivir. Then

(0 HDW, ( R) =75950

iy HOW. (R,X) =1x?%2# 4 1x17089 1 3x %901 4 2x %24 1 2B 4 2% 1+ 1x* +1x™2%° + 2x°70 + 4%

256

+1x% + 4x% 4+ 2x* + 3x* +15%°

Proof: By using the definitions and edge partition of R, we deduce

HDW, (R)= > [dy,(u)dy, (V)]

(i) weE(R)
= (9%19)" 1+ (7x19)"1+(9x9)" 3+(2x9)* 2+ (1x9)’ 2+ (7x7)* 2+ (1x 7)’1
+(6%6)°1+(4x6)"2+(1x6)" 4+ (1x5) 1+ (4x4) 4+ (2x2)"2+(1x1)’3
+(0x19)° 2+ (0x9)*1+(0x 7)*3+(0x6)° 4+ (0x5)° 3+ (0x1)’ 2
By simplifying the above equation, we get desired result.
HDW, (Rx)= 3 L%t
(ii) uveE(R)

2 2 2 2 2 2 2 2 2 2
— lX(9><19) +1X (7x19) + 3X (9x9) + 2X (2x9) + 2X (1x9) + 2X (7x7) +1X 1><7) +1X (6x6) + 2X (4%6) + 4X (1x6)
4><4

2

2><2 1><l O><19 0><9 O><7 0><6 ()><5 0><1

XY 4 axF 4 ox( L gxBY oy | gy (@) | gy (@) | gy(0-0)" | 3y ()" oy

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

In this paper, we have introduced the first and second hyper downhill indices and their corresponding polynomials
of a graph. Also these newly defined the first and second hyper downhill indices and their polynomials for some
important chemical drugs such as chloroquine, hydroxychloroquine and remdesivir are computed.
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