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Abstract: The global pandemic caused by the novel virus SARS-CoV-2, also known as COVID-19,
has emerged as a critical public health crisis affecting populations worldwide. The lack of effective
treatments has exacerbated the situation. In response to this ongoing pandemic, there is a concerted
effort to investigate potential drugs for combating the disease. Topological indices, also known as
molecular descriptors, are numerical parameters that relate a chemical compound's molecular structure
to its physicochemical properties. These indices play a pivotal role in the development of QSPR/QSAR
(quantitative structure-property relationship/quantitative structure-activity relationship) models, aiding
in the search for effective solutions. In this study, we introduce the ALM-polynomial method to derive
novel AL indices. Subsequently, we utilize this approach to compute AL indices for antiviral drugs,
specifically Remdesivir (GS-5734), Chloroquine, Hydroxychloroquine, and Theaflavin. Additionally,
the results of this analysis are visually presented in graphical form.

Keywords: topological indices; COVID-19; antiviral drug; QSPR analysis; 97M60; 05C35; 05C92;
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1. Introduction

The virus responsible for causing the infectious disease known as coronavirus disease
2019 (COVID-19) is Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In
December 2019, the first recorded case emerged in Wuhan, China [1]. Following the global
spread of the virus, the World Health Organization (WHO) officially declared it a global
pandemic on March 11, 2020.

Patients infected with SARS-CoV-2 may exhibit a range of symptoms and signs, from
mild to severe. These can include fever, coughing, headaches, fatigue, sore throat, respiratory
difficulties, anosmia (loss of smell), and ageusia (loss of taste) [1].

At this time, there is no precise, highly effective oral antiviral medication to treat
COVID-19. Nonetheless, ongoing research is focused on fine-tuning various medications to
advance a definitive cure for this global pandemic.

An effective approach in drug discovery involves assessing the efficacy of existing
antiviral drugs for treating related viral diseases. Researchers conducted experiments with
existing antiviral agents and obtained promising results in vitro for inhibiting the infection and
transmission of 2019-nCoV. Among these antiviral compounds, you can find Remdesivir
(GS5734), Chloroquine, Hydroxychloroquine, and Theaflavin [2-5]. Remdesivir is a
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nucleotide analog drug with broad-spectrum activity that was originally developed to prevent
Ebola virus infection [6, 7]. It has also demonstrated significant in vitro efficacy against 2019-
nCoV [6]. Clinical trials are currently underway at multiple hospitals, and we eagerly anticipate
results on their efficacy.

Chloroquine is a broad-spectrum antiviral drug widely used to treat malaria and
autoimmune diseases [5, 8]. Numerous randomized controlled trials have been conducted to
evaluate the impact of Chloroquine in the treatment of COVID-19, with reported therapeutic
benefits including fever control, improved CT imaging, and delayed disease progression.

Hydroxychloroquine possesses antiviral activity that is closely similar to that of
Chloroquine. Both drugs also exhibit immunomodulatory properties, which can enhance their
antiviral efficacy in living organisms [9]. According to a Forbes report dated March 30, 2020,
the FDA approved the use of Chloroquine and Hydroxychloroquine for emergency treatment
of coronavirus. Hydroxychloroquine reduces the rapid progression of COVID-19 by
suppressing the cytokine storm by inhibiting T-cell activation.

Theaflavin, a polyphenolic compound in black tea, is responsible for the health benefits
of black tea consumption [10, 11]. Theaflavin has demonstrated broad-spectrum antiviral
activity, effectively inhibiting viruses such as influenza A, influenza B, and hepatitis C. The
study conducted by Lung et al. [2] discovered that Theaflavin holds promise as a primary
candidate for developing an inhibitor against 2019-nCoV.

Using computer-based methodologies for the formation, amalgamation, and biological
screening of compounds offers a more efficient alternative to the previous hit-and-miss
approach in the intricate, expensive, and time-consuming process of drug discovery. In
particular, QSPR/QSAR (quantitative structure-property relationship/quantitative structure-
activity relationship) modeling plays a crucial role in understanding the physicochemical
properties of molecules. Prior to a drug’s introduction to the market, a substantial number of
research trials are typically necessary to assess its tolerability, safety, and efficacy in the human
body. These trials necessitate costly laboratory work, state-of-the-art facilities, and extensive
experimentation. Researchers have established significant correlations between experiments
on these compounds and their molecular graphs, providing insight into the physicochemical
characteristics, bioactivities, and pharmacological behaviors of various chemical compounds.
For more information, we refer to some recent articles [12-17].

Chemical graph theory (CGT) represents a significant field within mathematical
chemistry that bridges the gap between the mathematical modeling of chemical compounds
and the principles of graph theory. Within CGT, topological indices serve as numerical
descriptors, providing insights into the molecular characteristics of compounds. These indices
are widely used to predict physicochemical properties and biological activities through
guantitative structure-property relationship (QSPR) and quantitative structure-activity
relationship (QSAR) models [18-21].

Topological indices are classified according to structural attributes derived from the
molecular graph. These classifications encompass distance-based indices [20, 22], which
depend on distances between vertices; degree-based indices [23-30], which depend on vertex
degrees; neighborhood degree sum-based indices [31, 32], which take into account the
cumulative degrees of adjacent vertices; and spectral-value based indices [33, 34], which
depends on the spectrum of the graph.

Traditionally, the computation of topological indices relied solely on their definitions,
a process notorious for its time-consuming nature. Researchers have developed numerous
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techniques to expedite the calculation of these indices. Notably, the polynomial representation
of these indices has garnered significant attention in the literature. One prominent example is
the Hosoya polynomial, also known as the Wiener polynomial [35, 36], which is used to
compute various indices, including the Wiener index [37], the Hosoya index [38], and the
Hyper Wiener index [39]. Another notable polynomial, the M-polynomial [40], serves as a
versatile tool for determining at least nine degree-based topological indices [14, 41, 42].

Recently, Abhay and Lavanya introduced a series of topological indices, known as the
“AL indices,” in the article [29]. They demonstrated that these AL indices have the highest
discriminative power among both the set of octane isomers and the set of PCB molecules,
compared with other vertex-degree-based indices. Furthermore, their research revealed that the
AL indices exhibit a strong correlation with the physicochemical properties of octane and PCB
molecules. To streamline the computation of these AL indices, we introduced the “ALM-
Polynomial.” This polynomial serves a function analogous to the “M-Polynomial” [40] for
degree-based indices. Additionally, we computed the “ALM-polynomial” for compounds,
including Remdesivir, Chloroquine, Hydroxychloroquine, and Theaflavin.

A molecular graph of a chemical compound is created by transforming its atoms and
chemical bonds into vertices and edges, respectively. Let’s define the ordered pair G as
(V(G), E(G)), which represents a simple, connected, and undirected graph. In this context,
V(G) stands for the set of vertices, and E(G) denotes the set of edges. Now, we define AL
indices [29] for a molecular graph G.

For a given graph G, let P,(u) denote the number of distinct vertices at a distance two
from vertex u.

AL;(G) = ZuGV(G) P, (u) (1)
AL;(G) = Yuvere){P2(w) + P,(v)} 2
AL©) = D PaP(v) )
uveE(G)
AL@ = ) VR@R®) @
UveE(G)
1
AL:(G) = S — 5
T E e P @P) ©)
P. P.
AL¢(G) = Z { PZ gg + P2 83} (6)
UveE(G) 2 2
P, ()P, (v)
M= 2 Pw+h® ?
UveE(G)
2
ALg(G) = - ®)
8 quE(G)Pz(u)+P2(V)
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The relations of some AL topological indices with the ALM-polynomial are shown in
Table 1.

2. Materials and Methods

Our primary objective is to provide a definition of ALM-polynomials, establish a
connection with AL indices via certain calculus operators, and incorporate algebraic ALM-
polynomials into the computation of topological indices for various antiviral drug structures.
The second objective of this study is to assess novel AL indices for the antiviral compounds
Remdesivir, Chloroquine, Hydroxychloroquine, and Theaflavin. To accomplish this, we first
calculate the ALM-polynomials and subsequently derive the topological indices from these
ALM-polynomials using calculus operators. In the concluding section of this article, we
illustrate the geometric properties of ALM-polynomials and present numerical results, which
are graphically compared in MATLAB 2015.

The chemical structures of Remdesivir, Chloroquine, Hydroxychloroquine, and
Theaflavin were obtained from the following sources:
https://pubchem.ncbi.nlm.nih.gov/compound/5426 and the articles [13-16]. We focus on
hydrogen-suppressed molecular graphs of the compounds, as hydrogen atoms’ vertices do not
contribute to graph isomorphism.

3. Results and Discussion

In this section, we give our main computational results and divide the section into two
subsections.

3.1. The ALM-polynomial and its relationship with novel AL indices.

In this subsection, we provide the definition of the AL-polynomial and establish its
relationship with novel AL indices using some calculus operators.

Definition 3.1 Let G be a molecular graph; then, the ALM-polynomial of graph G is
defined as:

ALM(G,x,y) = X< Pijx'y/, )

Where P;; denotes the total number of edges e = uwv of ¢ such that P,(u) = i and
P,(v) = j, where P,(u) denotes the number of distinct vertices at a distance of two from a
fixed vertex u.

Now, we define the relationship between the AL,, AL;, AL, ALS, ALy, AL, and ALg
indices using certain calculus operators, as detailed in the article by Deutsch et al. [40]. This
relationship is presented in Table 1.

Table 1. Short Description of AL indices, which depend on path length.

AL Index The forml;rlle:jiocfe‘;opologlcal Derivation from ALM(G, x,y)
AL,(G) Z {P2(W+P,(v)} (Dx + Dy)(ALM(G, X, y))|x:y:1
uveE(G)
AL3(G) Z PP, (v) (Dny)(ALM(G:x: Y))lxzyzl
UVEE(G)
ALZ(G), Z (P,(w)P, (V)™ (DE DZ)(ALM(G, %,))l=y1
aeN uveE(G)
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The formula of topological

AL Index indices Derivation from ALM(G, x, y)
ALE(G), - ¢ ca

aeN wEEe) (PP, () (5¥ SY)ALMG. %))l emy=s

P,(w) | P(v)
ALe(G) Z {Pz(v) + Pz(u)} (DxSy + DySy)(ALM(G, %, )l x=y=1
uveE(G)
P,(w)P,(v)
AL;(G) Py u) + P, (0) (SeJDxDy)(ALM (G, %,Y))lx=y=1
uveE(G)
2
ALg(G) Lo P,(w) + P,(v) (ZSx])(ALM(G'X' }’))|x:y:1
a a
Where' Dxf(x'y) :xaf(xﬂy)l Dyf(x,Y) :yaf(x')/)l Sxf(x:}’) =

[FE2at, s, f(oy) = [7 T2, J(F(y) = Fx,2).

We are now prepared to calculate topological indices for antiviral drugs using the ALM-
polynomial.

3.2. Calculation of novel AL indices for antiviral drugs in the treatment of COVID-19
patients.

This section covers the calculation of various topological indices for antiviral drugs
employed in the treatment of COVID-19 patients. The formulas expressing the relationships
between AL,,ALs, ALY, ALS, ALy, AL,, and ALg indices and the ALM-polynomial are
presented in Table 1.

Theorem 3.1 If G is a molecular graph of Remdesivir (GS — 5734), then:
ALM(G,x,y) = 2xy? + xy3 + 2x%y? + 9x2y3 + x2y* + x2y> + 9x3y3 + 3x3y* + 7x3y5

+ 2x3y% + x*y* + 2x*y> + x%y5 + 3x5y® + x6y°. (10)

Proof 1. Let G represent the molecular graph of Remdesivir (depicted in Figure 1). This
graph consists of 42 vertices and 45 edges. We define P;; to be the count of edges e = uv
such that P,(u) = i and P,(v) = j, denoted as P;; = {uv € E(G): P,(u) = i and P,(v) = j}.

From Figure 1, it is clear that. Pj, = 2, Pi3 = 1,Py; = 2,P;3 =9, Py, =1, P,s =1,
Py =9, Py =3, Pss =7, Psg =2, Pyy =1, Pys = 2,Pss = 1,P5c = 3,and Py = 1. Now,
utilizing these P;; values in the definition of ALM-polynomial, we obtain:

ALM(G,x,y) = Z Pijx'yl = Pyoxy? 4 Pyaxy® + Pyyx?y? + Pyzx?y® + Pyyx?y*
i<j
+Pcx2y> + Py33x3y3 + Pyux3y* + Picx3y® + Pygx3y® + Pyyxty*
+Pysx*y® + Pssx®y5 + Pggx®y® + Pggx®y©. (11)
By substituting the values of P;; into Equation (11), we obtain:
ALM(G,x,y) = 2xy? + xy3 + 2x2y% 4+ 9x2y3 + x%y* + x2y° + 9x3y3 + 3x3y* + 7x3y°
+ 2x3y% + x*y* + 2x*y> + x5y> + 3x°y% + x6y°.

\ _©
e 7\
< e \')\'/k ‘/‘\./‘\
Ho

(@) (b)
Figure 1. (a) represents the chemical structure of Remdesivir; (b) depicts the molecular graph of
Remdesivir.
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Using the ALM-polynomial, we calculate the novel AL indices based on path length
two of Remdesivir (GS-5734) in the following theorem.

Theorem 3.2 Let G be the molecular graph of Remdesivir (GS — 5734). Then, we have:
1. AL,(G) = 306.
2. AL3(G) = 552.
3. ALY(G) = 2(2)% + (3)% + 2(4)% + 9(6)% + (8)* + 9(9)* + (10)* +
3(12)* + 7(15)% + (16)* + 2(18)% + 2(20)% + (25)* + 3(30)* + (36)*.
4 ALY(G) = -2 t L 2 4,9 41,9 ! 3 7
Ls(G) ()¢ + (O + @ + (OM T @« T (9)“ + 10y« T (12)“ + (15) +
2 1 2 1 3 1

(18)% = (16)* = (200 © (25% = (30)* = (36)%
5. AL¢(G) = 98.550.
AL,(G) = 73.5393.
7. ALg(G) = 14.7105.

Sk

Proof 2. Let ALM (G, x,y) = Y (x,y), then:
Y(x,y) = 2xy% + xy® + 2x2y?% + 9x2y3 + x2y* + x2y5 + 9x3y3 + 3x3y* + 7x3yS
+ 2x3y° + x*y* + 2x*y® + x°y5 + 3x5y® + x6y°.
Now, to calculate the AL indices based on path length two, we need the following
terms:

9]
= 2xy? 4+ xy3 + 4x%y? + 18x2y3 + 2x%y* + 2x%y5 + 27x3y3 + 9x3y*
+ 21x3y° + 6x3y° + 4x*y* 4+ 8x*y> + 5x5y> + 15x°y® + 6x°y°.  (12)

d

= 4xy? 4+ 3xy3 + 4x%y? 4+ 27x%y3 + 4x%y* + 5x2y°> + 27x3y3 + 12x3y*
+ 35x3y° + 12x3y° + 4x*y* + 10x*y> + 5x5y> + 18x°y® + 6x°y°. (13)

D,Dy(x,y) = 4xy? + 3xy> + 8x2y? + 54x%y3 + 8x2y* + 10x?y° + 81x3y3
+ 36x3y* + 105x3y> + 36x3y® + 16x*y* + 40x*y> + 25x°y> + 90x°y®
+ 36x°y°. (14)

Dy (x,y) = 2(2)%xy* + (3)*xy? + 2(2)*x%y? + 9(3)*x%y3 + (4)*x2y* + (5)*x%y>
+9(3)%x3y3 + 3(4)*x3y* + 7(5)%x3y> + 2(6)*x3y® + (4)%*x*y*
+ 2(5)%x*y® + (5)%x°y> + 3(6)%x>y® + (6)*x°yS. (15)

DEDFY(x,y) = 2(2)*xy? 4+ (3)*xy> 4+ 2(4)*x%y? + 9(6)“x?y> + (8)*x?y*
+ (10)%x2y°> + 9(9)*x3y3 + 3(12)*x3y* + 7(15)%x3y> + 2(18)%x3y°
+ (16)%x*y* + 2(20)%x*y> + (25)*x°y> + 3(30)%x°y°®
+ (36)*x°y". (16)
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Y(t,y) ”
t

smmw=f

9 1 1
=2xy? + xy3 + x%y?2 + =x%y3 + =x%y* + —x%y> + 3x3y3 + x3y*

2 2 2
7 2 1 1 1 3 1
S 305 40 20306 3 —adad 4 45 4 5.5 1 2 .56 _ 64,6
+3xy +3xy +4xy +2xy +5xy +5xy +6xy. (17)
Yy(x, t
ey = [ LD
0 t
2 1 3 2.,2 2.,3 1 2,4 1 2.,5 34,3 3 3.4
=Xy +§xy + x“y“ + 3x°y +ny +§xy + 3x°y +ny
7 1 1 2 1 1 1
305 4 3006 4 A4 S 45 T 5.5 1 7 .5 .61 _ 6.6
+5xy +3xy +4xy +5xy +5xy +2xy +6xy. (18)
2 1 2 9 1 1 9
— 2 3 2.,,2 2.,,3 2.,4 2.,,5 34,3
Sji‘lp(x,y)—z—axy +3—axy +2—axy +3—axy +4—axy +5—axy +3—axy
3 7 2 1 2 1 3
+4—ax3y4+5—ax3y5+6—ax3y6+4—ax4y4+5—ax4y5+5—ax5y5+6—ax5y6
1
+6—ax6y6. (19)
2 1 2 9 1 1 9
— 2 3 24,2 24,3 2.,,4 2.,5 34,3
SfSﬁ‘w(x.y)—z—axy + 32Xy’ + Xy + X%y oxtyt oyt + o Xy
3 7 2 1 2 1
3.,4 3,,5 34,6 4.,4 4,.,5 54,5
T Y TIse ¥ Y Trge ¥ Y T ¥ Y T ¥ Y T st
3 1
+ W:ﬁy6 +3¢a xy°. (20)

1 1 2 9
DSy (x,y) = xy?® + §xy3 +2x%y? + 6x%y° + §X2y4 + gxzys + 9x3y? +Zx3y4
21

8 5
+ ?x3y5 +x3y° + x*yt + §x4y5 + x5y° + §x5y6 + x%y°. (21)

27 5
DySxp(x,y) = 4xy® + 3xy® + 2x%y? + —x%y3 + 2x%y* + =x%y°> + 9x3y3 + 4a3y*

2 2
35 5 18
+ ?x3y5 + 4x3y° + x*y* + Ex4y5 + x%y° + ?x5y6 + x%y°6. (22)
J(W(x,y)) =2x% 4+ 3x* +9x% + 10x° + 4x7 + 8x® + 4x° + x1° + 3x1 + x12, (23)
2 3 9 5 4 4 1 3
SJ(W(x,y) = §x3 + ZX4 +§x5 + §x6 +§x7 + x8 +§x9 +Ex10 + Exll
+ lx12 (24)
12 '

JD:Dy, (Y(x,¥)) = 4x + 11x* + 54x> + 89x° + 46x7 + 121x® + 76x° + 25x1°
+90x11 + 36x12. (25)
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4 11 54 89 46 121 76
Sx]Dny(ll)(x,y)) = §x3 +Tx4 +?x5 +?x6 +7x7 +Tx8 +?x9
25

90
+ Exlo + Hx“ + 3x12, (26)

Now, by employing the derivative formulas provided in Equations 12—-26 for the AL
topological indices listed in Table 1, we obtain the required results:
ALy (G) = (Dy + D) (¥ (x, ) lx=y=1 = 306,
AL3(G) = (Dy. Dy ) (¥ (x,¥))x=y=1 = 552,
AL{(6) = (DF DF) (Y (6 3))lx=y=1
=22)*+ B3)*+2(H)*+9(6)*+ (8)*+9(9* + (10)* + 3(12)~
+ 7(15)% + (16)* + 2(18)% + 2(20)* + (25)% + 3(30)* + (36)¢,
arcy = (Qaca -2, ., 2 ,° .t 49 L, 1
ALS(®) = (SN ey = et Grt e P or tar Tor T aor
3 7 2 1 2 1 3 1
(12)%  (15)% = (18)* ' (16)* = (20)*  (25)% = (30)* = (36)*’

AL(G) = (DySy + DySy) (W(x, ¥))x=y=1 = 98.550,
AL;(G) = (SJDxDy) (W (%, ¥))lx=y=1 = 73.5393,
ALg(G) = 2SI (Y(x,¥))lx=y=1 = 14.7105.
We evaluate the ALM-polynomial of the molecular graph of Chloroquine in the
following theorem.

Theorem 3.3 Let G be the molecular graph of Chloroquine (Figure 2), then we have:

ALM(G,x,y) = 2xy? + 2x%y? + 8x2%y3 + 2x2y* + 2x3y3 + 2x3y* + x3y> + 2x*y*
+ 2x*yS. (27)

Proof 3. Consider the molecular graph G of Chloroquine, which consists of 22 vertices
and 23 edges, as illustrated in Figure 2. From the figure, we can deduce the following values:
Py =2 Pyy=2,Py3 =8P, =2, Ps3 =2, Py =2, P35 =1, P,, =2, and P,s = 2. Now,
by substituting these P;; values into the definition of ALM-polynomial, we have:

ALM(G,x,y) = 2xy? + 2x%y? + 8x2y3 + 2x2y* + 2x3y3 + 2x3y* + x3y5 + 2x*y*
+2x*yS.

J\/\/r\(/

@(j
Cl N

@ (b)

Figure 2. (a) represents the chemical structure of Chloroquine; (b) depicts the molecular graph of
Chloroquine.

Now, utilizing the ALM-polynomial, we calculate the AL indices for Chloroquine, as
presented in the following theorem.
Theorem 3.4 Let G represent the molecular graph of Chloroquine. Then, we have:
1. AL,(G) = 134.
2. AL;(G) = 205.
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No o &

ALE(G) = 2(2)% + 2(4)® + 8(6)% + 2(8)® + 2(9)% + 2(12)% + (15)* +
2(16)% + 2(20).
2 2 +i+ 2 2 2 1 2 2

ALY(G) = — bt ——+——+ .
s =Gt e T e Tor T o T aoe T e T aer T goe

AL¢(G) = 49.866.

AL,(G) = 32.348.

ALg(G) = 8.632.

Proof 4. The proof follows a similar pattern to Theorem 3.2.

ALM-polynomial of the molecular graph of Hydroxychloroquine is evaluated in the

following theorem.

Theorem 3.5 Let G represent the molecular graph of Hydroxychloroquine (depicted in

Figure 3). Then, we have:

ALM(G,x,y) = xy + xy? + xy3 + 2x%y? + 7x?y3 + 2x2y* + 3x3y3 + 2x3y*

+ x3y5 + 2xty* + 2x*ty°, (28)
Proof 5. Let G be the molecular graph of Hydroxychloroquine. It has 23 vertices and

24 edges. Observing Figure 3, we can deduce the following values: P;; = 1,P;, =1, Pj3 =
1,P,, =2,Py3=7,Pyy =2,P33=3,P;, =2,P;5 =1, P,, = 2,and P,s = 2. Now, we are
utilizing these P;; values in the definition of ALM-polynomial, we obtain:

ALM(G,x,y) = xy + xy? + xy3 + 2x%y? + 7x2y3 + 2x%y* + 3x3y3 + 2x3y* + x3y°

+ 2x*y* + 2x*yd.

J\/\/ r/\OH
HN N\/

Y ™

|

py
CINI N

@) (b)

Figure 3. (a) represents the chemical structure of Hydroxychloroquine; (b) depicts the molecular graph of

Hydroxychloroquine.

Using the ALM-polynomial, we compute the AL indices for Hydroxychloroquine, as

detailed in the following theorem.

have:
1.
2.
3.

No o &

Theorem 3.6 Let G represent the molecular graph of Hydroxychloroquine. Then, we

AL,(G) = 138.
AL;(G) = 210.
ALL(G) =1+ (2)* + (3)* + 2(4)* + 7(6)* + 2(8)% + 3(9)% + 2(12)* +

(15)* + 2(16)* + 2(20)%.
1 1 2 7 2 3 2 1 2 2

ALSO) =1+ Gt G Y e T o Ter T T e T ase T e T @oe
AL4(G) = 52.533.
AL,(G) = 33.231.
ALg(G) = 9.399.
Proof 6. The proof follows a similar pattern to Theorem 3.2.
In the following theorem, we calculate the ALM-polynomial for the molecular graph

of Theaflavin.
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Theorem 3.7 Let G represent the molecular graph of Theaflavin. Then, we have:
ALM(G,x,y) = 2x%y? + 6x2y3 + 6x2y* + 8x3y* + 4x3y° + 6x*y* + 9x*y> + 2x*y®
+ 2x°y5 + x°y°. (29)

Proof 7. Let G represent the molecular graph of Theaflavin (depicted in Figure 4). This
graph contains 41 vertices and 46 edges. Observing Figure 4, we can deduce the following
values: Py, =2, Py3 =6,Py, = 6,P34 =8, P3c =4,Pyy =6,P5 =9,Pyg = 2,Ps5 = 2,and
Ps¢ = 1. Now, we are utilizing these P;; values in the definition of ALM-polynomial, we obtain

ALM(G,x,y) = 2x%y? + 6x%y3 + 6x2y* + 8x3y* + 4x3y> + 6x*y* + 9x*y® + 2x*y°
+ 2x%y5 + x5y,

POOEDO S
o O e e
N
,LTATI‘
(@) (b)

Figure 4. (a) represents the chemical structure of Theaflavin; (b) depicts the molecular graph of Theaflavin.

Now, using the ALM-polynomial, we compute the AL indices for Theaflavin in the
following theorem.
Theorem 3.8 Let G represent the molecular graph of Theaflavin. Then, we have:
1. AL,(G) = 342.

2. AL;(G) = 652.
3. ALS(G) =2(4)*+6(6)* + 6(8)* +8(12)* + 4(15)* + 6(16)* +9(20)* +
2(24)% + 2(25)* + (30)“.
o _ L 6 L 8 4 6 9 2 2 1
4. AL5(G) = H*  (®F ()%  (12)%  (15%  (16)*  (200* (2%  (25)%  (30)*
5. ALg(G) = 98.550.
6. AL,(G) = 82.941.
7. ALg(G) = 13.167.

Proof 8. The proof follows a similar pattern to Theorem 3.2.

4. Graphical Illustrations of ALM-polynomial, AL§, and ALg Indices

Figures 5(a)-5(d) present the three-dimensional (3-D) plots of the ALM-polynomials
for Remdesivir, Chloroquine, Hydroxychloroquine, and Theaflavin, respectively. All four
surfaces exhibit smooth and strictly increasing behavior over the positive x—y domain, as each
ALM-polynomial consists of positive coefficients and non-negative powers of xand y. The
ALM surface for Remdesivir in Figure 5(a) shows a steep rise, particularly for larger values of
x and y, due to the presence of multiple higher-degree mixed terms. In contrast, Figure 5(b),
corresponding to Chloroquine, displays a comparatively gentler surface, reflecting fewer
higher-order terms and smaller coefficients. The surface for Hydroxychloroquine in Figure 5(c)
demonstrates intermediate growth, lying between those of Chloroquine and Remdesivir across
the same domain. Meanwhile, Figure 5(d) for Theaflavin exhibits a rapidly increasing surface
with a pronounced elevation in the higher x—y region, driven by dominant higher-degree terms
with larger multiplicities. Overall, the comparative analysis of Figures 5(a)-5(d) indicates that
https://nanobioletters.com/ 10 of 15
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Theaflavin and Remdesivir attain higher ALM values, while Hydroxychloroguine and
Chloroquine show relatively lower magnitudes, highlighting clear structural distinctions
among the studied drug molecules.

1500 -

1000 -

100

3 00 3
Y-axis X-axis

(b)
=000 (/T\ 15000 /7///,7*\'

2000 10000

1000 + 5000

-5000
100

e 100
0 T—0 __— s
100 0o o

Y-axis X-axis

© (d)
Figure 5. 3-D plot of the ALM-polynomial for Remdesivir, Chloroquine, Hydroxychloroquine, and
Theaflavin.

Figure 6 collectively illustrates the variation of the indices AL§ and ALg for Remdesivir,
Chloroquine, Hydroxychloroquine, and Theaflavin with respect to the parameter a. Figures
6(a) and 6(b) depict the behavior of AL§ in the intervals 0 < a« < 1 and a > 1, respectively,
while Figures 6(c) and 6(d) present the corresponding variation of ALE over the same parameter
ranges. In both regions, the ALY curves exhibit a monotonic increase with increasing e,
reflecting the presence of positive coefficients and positive base terms raised to the power a.
Conversely, the ALE curves display a monotonic decreasing trend, as they are composed of
reciprocal power terms of the form 1/k®. For smaller values of &, the variations in both indices
are relatively gradual, whereas for larger values of «, the influence of higher-degree terms
becomes more pronounced, leading to sharper divergence among the curves. Across all
parameter ranges, Theaflavin consistently shows the highest values, followed by Remdesivir,
while Hydroxychloroquine and Chloroquine exhibit comparatively lower values. This
combined graphical analysis demonstrates the complementary behavior of AL§ and AL and
highlights their effectiveness in differentiating the structural properties of the studied drug
molecules.

AL,(G) va. Alpha 10 AL,(G) vs. Alpha

AL 6
o

T
o LA 02 0.3 0.4 0.5 06 07 0.8 0.9 1 1 1.2 14 18 18 2
Alpha Alpha

(@) (b)
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Figure 6. AL%, ALZ for different ranges of alpha value.

5. Conclusion

In this article, we conducted a study of the topological properties of chemical structures
used to inhibit the outbreak and transmission of COVID-19. These structures include
Remdesivir (GS-5734), Chloroquine, Hydroxychloroquine, and Theaflavin. Our focus has
been on the novel AL indices, which depend on path length. By introducing the ALM-
polynomial and applying it to these compounds, we were able to calculate and evaluate various
topological indices, such as “AL,(G),AL;(G), ALY(G), AL%(G), AL¢(G), AL,(G) and
ALg(G)”. To facilitate a better understanding of our findings, we have also provided graphical
representations of the results. These outcomes offer valuable insights into the structural
characteristics of the aforementioned compounds. It’s worth noting that topological indices
have the capacity to predict diverse properties and activities, such as boiling point, entropy,
enthalpy, acentric factor, critical pressure, and more. As such, our discoveries hold promise for
guiding the development of new drugs and vaccines for the treatment of COVID-19.
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