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ABSTRACT

This paper presents a comparative study of the antiviral drugs Famciclovir and Ganciclovir using M-polynomial
and NM-polynomial methods from chemical graph theory. The molecular graphs of both drugs are constructed,
and several degree-based topological indices are derived from the corresponding polynomials. The results show
that Famciclovir possesses higher polynomial coefficients and index values, indicating greater structural
complexity and branching compared to Ganciclovir. This study demonstrates the effectiveness of polynomial-

based topological indices in analyzing and comparing antiviral drug structures.
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INTRODUCTION

Chemical graph theory models molecular structure as
graphs, where vertices represent chemical bonds. Form
these molecular graphs, degree-based topological
indices are derived to numerically characterize
structural properties such as connectivity and
branching. These indices play an important role in
QSPR / QSAR studies and pharmaceutical chemistry.
Herpes virus infection, including those caused by
cytomegalovirus (CMV), herpes simplex virus (HSV),
and varicella-zoster virus (VZV), remain a
signification global health concern, particularly among
immunocompromised patients [1]. Antiviral agents
such as ganciclovir and famciclovir are widely used for
the treatment and management of these infections due
to their proven clinical efficacy [2]. Ganciclovir is
prevention of CMV infections and has demonstrated
strong antiviral activity; however, its long-term use is
often associated with drug toxicity, adverse side
effects, and the development of viral resistance [3]. In
contrast, famciclovir, a prodrug of penciclovir, is
commonly used for the treatment of HSV and VZV
infections and is known for its favorable
pharmacokinetic profile and improved patient

tolerance [4]. Despite their therapeutic importance, the
routine use of ganciclovir and famciclovir as
monotherapies has contributed to the emergence of
resistant viral strains, thereby limiting treatment
effectiveness [5]. Owing to their different mechanisms
of activation and interaction with viral DNA
polymerase, comparative and combination-based
treatment strategies involving these antiviral agents
have been suggested as potential approaches to
overcoming antiviral resistance [6]. Therefore, a
comprehensive investigation of the molecular structure
and properties of ganciclovir and famciclovir is
essential. In this regard, chemical graph theory offers
a robust mathematical framework for modeling
molecular structures and analyzing drug behavior
through degree-based topological indices derived from
M-polynomial and NM-polynomial
[7.8].

formulations

Famciclovir is an antiviral medication used to treat
infections caused by herps viruses, including shingles
(herpes zoster), cold sores (herpes labialis), and
genital herpes. It works by stopping viral
multiplication, reducing the duration and severity of
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outbreaks. Common side effects include headaches,
nausea, and dizziness.

e
Famciclovir
500 mg Film-coated
Tablets @
Oral Use
[ A 7 -coated Tablots TEEZAT

Figure 1

It most effective when initiated as soon as possible
after the first symptoms (tingling, itching, burning)
appear. Typically taken as a tablet with or without food,
three times daily for 7 days for shingles, or as a one-
day dose for cold sores. Famciclovir does not cure
herps or completely prevent transmission to others.

Py

Figure 2. Structure of

Famciclovir C14H19N504

Ganciclovir treatment is an antiviral therapy primarily
used for serious infections caused by Cytomegalovirus
(CMV), especially in  immunocompromised
individuals (like those with advanced HIV/AIDS or
transplant recipients) for conditions like CMV retinitis
(eye infection) or to prevent CMV disease. It works by
stopping the virus from multiplying, often
administered

intravenously, with careful dosing for induction and
maintenance, but requires close blood monitoring due
to potential severe side effects, especially low blood

cell counts.

10x10 Capsules
R

Ganciclovir Capsules
250 mg

-

(Sedmrer

Figure 3
GANCICLOVIR USES:
> Treatment in AIDS patients.
» Prevention in solid organ or bone marrow
transplant patients.
» Sometimes used for other serious CMV infections.

Figure 4. Structure of Ganciclovir COH19N504

METHOD AND ANALYSIS:

Let G=(V, E) be a simple, connected molecular graph,
where V(G) denotes the set of vertices representing
atoms and E(G) denotes the set of edges representing
chemical bonds between atoms. The degree of a vertex
u € V(G), denoted by d(u), is the number of vertices
adjacent to u. Graph polynomials play an important
role in chemical graph theory, as they encode structural
information of molecular graphs and are widely used
to derive degree-based topological descriptors (TDs).
These descriptors
chemistry, biology, and pharmaceutical sciences [1-4].

have proven applications in

1JDDT, Volume 16 Issue 25s, 2026

Page 148



Comparative Study Of M And Nm Polynomials Of Gancyclovir And Famciclovir Used
In Hsv Therapy

DEGREE PARTITION

For a given graph G, we partition the vertex set
according to vertex degrees as follows;

Vi=1{ve V(G dV) =1}, Vi =n;.

Letm;; = | E;;j|, where E;; = {uv € E (u)| d(u) =1,
dw) =i}, B

m,; = |E,|, where E,; = {uv € E(G) d(u) =1, d(u) =1,
d(v)=j}

The M- polynomial [5] of a graph G is defined as

M (G; X, y) = Xic;my;(G) x'y,

Where m;; (G), i, j =1 be the number of edges uv € E
(G) such that {(d(u), d(v)) = (i,))}

Let §,, represent the neighborhood degree of v in the
graph G, that is, §(v) = X, Ny A1), where N(v)
being the set of adjacent vertices of u.

Letx; j (G); i, j =1 be the number of edges e =uv of G
such that { §(v), 6(v) = {i, j}

Then the NM- polynomial [19,20and 21] of graph G is
defined as

NM (G; X, y) = YicjXij (G) x'y/.

FORMULATION OF SOME DEGREE-BASED
TOPOLOGICAL DESCRIPTORS

In this section, some degree-based and neighborhood

il

degree-based topological descriptors (TDs) and their
association with the M-polynomial and NM-
polynomial of a graph G are presented.

Let

Fx, y)=M(G;x,y)orf(x,y) =NM(G; x,y)

We define the following differential and integral
operators:

_,9U&y) _ 09Uy — (xf@y)
DX*XT,Dy*XT,Sx*fo T dt,Sy

- Len g,
0 t

TE® ) =f(x%), QX y) =x"f(x,y)

Using the above operators, various degree-based and
neighborhood degree-based topological indices can
be derived from the M-polynomial and NM-
polynomial of a graph.

Table 1. Description of some degree-based
topological Descriptors

Degree- | Mathematical Derived
based expression from M (G;
topologi X, y)

cal

indices

First ZquE(G) d(u) +d(V) (Dx + Dy)
Zagreb M (G, x,
index y)/x=1, y=1.

Second | Buves@ d@ d(v) | (Dx * D) M
Zagreb (G, x,
index y)/x=1, y=1.
F-index | X pepe)(d” (W) (D%, + D%))
+d*(v)) M (G, x,
y)/x=1, y=1.
Second Z 1 (S *Sy) (M
modified wEE dw)d(v) (G, x,
Zagreb y)/x=1, y=1.
index
Symmetr Z d?*(u) +d*(v) | (DyS,y, +S,
ic Wil dw)d(v) D,) M (G,
Division X, y)/x=1,
index y=1.
Harmoni Z 2 S, H M
¢ index . dw)+d@) | (G,x,
y))/x=1, y=1.
Inverse Z dw)d(v) (5,ID,D,)
sum wSEle du)+dw) | M(G,x,
index y))/x=1, y=1.
Augmen Z dw)d) | (
ted d(w) + d(v) 4 Sx°Q-2D,>D,)]
Zagreb | “EO) ) (M (G, x,
index y))/x=1, y=1.

Table 2. Description of some Neighborhood degree-
based topological descriptors

Neighborh | Mathematical Derivative

ood Expression of NM (G;

degree- X, y)

based

topologica

l indices

Neighborh | ¥, ,¢p) d(w) +d(v) | (D +Dy)

ood First (NM (G, x,

Zagreb y)/x=1, y=1.

index

Neighborh | },,¢ £ d(w) d(v) (Dy * Dy)

ood (NM (G, x,

Second y)/x=1, y=1.

Zagreb

index

Neighborh | ¥,p¢z ) (d?(w) (D?%, +

ood F- +d2(v)) D?,) (NM

index (G, x,
y)/x=1, y=1.
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Neighborh Z 1 (S, * Sy)
ood . dw)d(v) (NM (G, x,
Second y)/x=1, y=1.
modified
Zagreb
index
Neighborh d?(u) + d*(V) | (D,S, +S
ood wiEte d(w)d(v) D,) (NM
Symmetri (G, x,
¢ Division y)/x=1, y=1.
index
Neighborh Z 2 (25,J) (NM
ood . R dw) +d@) | (G,x,
Harmonic y)/x=1,
index y=1.
Neighborh Z d(w)d(v) (SxID,Dy)
;)od wate) d(u)+d@) | WM (G, x,
nverse V)/x=1,
sum index y=1.
Neighborh Z d(w)d(v) (
ood dw) + d(v) | Sx°Q_2D,°D,
Augmente | “#E(©) ) (NM (G, x,
d Zagreb y))/x=1,
index y=1.
Lemma 1:

Let G be a simple connected graph with vertex
partition

Vi={ve V(G) d(v) =1}, [V} = n;.
Let

E;j = {uv € E(G)| d(u) =1, d(v) = j}.
And

E,, = {uv ¢ E(G)| d(u) =i, d(v) =j}.
Then, for i#j, m,; = | E,,| = nyn; -m;
And for i=j, m,, =| E,,| = (%) - my.
Proof:
Let V; and V; be the sets of vertices of degrees i and j,

J

respectively.

Case 1:

The total number of unordered vertex pairs (u, v) with
u€ V; and v € V; is nyn;.
Among these pairs, exactly m;; are adjacent edges in
E(G).

Hence, the remaining pairs are non-adjacent.
Therefore, m;; =n; n;-m;
Case 2:

The total number of unordered vertex pairs within V; is
(.

Among these, pairs, m;; pairs are adjacent. Thus, the

j.

number of non-adjacent pairs is

My = () -ma.
Theorem 1
Let G be the molecular graph of Famciclovir. We can
obtain that |V(G)| = 23, |E(G)| = 24 then, the M-
polynomial and NM-polynomial of G given by

@) M (G; x, y) = 5xy3+ 5x2y2+ 12x2y3+

2x3y3.

(i) NM (G; x, y) = 30xy3 + 50x2y? +

65x%y3 + 19x3y3.
Proof:
Let G denote the molecular graph of Famciclovir.
We first classify the vertices of G according to their
degrees and denote by V; the set of vertices of degree
i, where |V;| =n;.

@) Edge partition and M-polynomial
Each edge of G is classified according to the degree
pair (d(u), d(v)) of its end vertices. From the
molecular structure of Famciclovir, the edge partition
is obtained as follows:
my3 = |Ey3| =5, Mgy =|E5p|= 5, my3 =|Eq3l= 12, mas
=[E3[= 2.

Using the definition of the M-polynomial,
M (G; X, y) =%<;my; X'y", We obtain

M (G; x, y) = 5xy3+ 5x2y2+ 12x2y3+ 2x3y3,

(ii) Non-adjacent pair partition and NM-
polynomial

Let 7, denote the number of non-adjacent vertex
pairs of degree (i, j).
The vertex set can be partition into subsets, namely
WVi[=5,Vy[=11,[V3|=7
Applying lemma 1, we obtain

M3 =nyng - myz3 =30

My, =NyN, - My, =50

My3 =NyNg - My3 =65

M33 =NgNg - Mgz = 19.
Hence, by the definition of the NM-polynomial,
NM (G; X, y) = X< 1, x'y", we have

NM (G; x, y) = 30xy3+ 50x2y2+ 65x2y3+ 19x3y3.
Now we present the numerical values of some degree-
based topological indices of the molecular graph of
Famciclovir, obtained from its M-polynomial and
NM-polynomial. From Table 1, we obtain the
following;

1. (Dy + D)) x=1y=1 = | 20xy® + 20x%y* +
60x%y® + 12x3y3|yoq y=g = 112.

2. (DyDy) y=1y=1 = | 15xy3 + 20x%y? +
72x%y% + 18x%y3|yoq y=g = 125.

3. (D + Dy?) yoryer = | 50xy3 +
40x%y? +156x%y> + 36x3y>| 21 =1
282.
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5 5
4. (sty) x=1y=1 — | ng3 + szyz +

12 2
?x2y3 + ;x3y3|x=1_y=1 =5.139.

5. (DySy +5¢D,) ye1ye1 = | Zxy® +
10x?y? + 26x%y® + 4x3y3| 21921 =
56.67.

6. (25J) x=1y=1 = | 2.5x* + 2.5x* +
4.8x° + 1x°8|,=; =g = 10.46.

7. (SxJDx Dy) x=1y=1 = | 3.75x* + 5x* +
14.4x% 4 35| =g y=1 = 26.15.

8. (5:°Q0-2D,°D,?) oy y=1 = [16.875x* +
40x* + 96x° + 22.78125x5|2q =1 =
175.65625.

Likewise, Table 2, we have the following

l. (Dy + Dy) x=1y=1= | 120xy3 +
200x%y? + 325x%y® + 114 x3y3|yoq yoy =
759.

2. (DyDy) y=1y=1 = |90xy® + 200x*y* +
390x%y® + 171 x3y3| 21 y=1 = 851.

3. D+ Dy?) yoryer = | 300xy3 +
400x%y? + 845x%y> + 342x3y> |21 y=q =
1887.

4. (sty) x=1,y=1 =
65
6

5. (DySy + 5¢Dy) x=1y=1 =
100x2y? + %xzﬁ +38x%y° o1 y=1
378.83.

6. (28¢)) x=1y=1 = |15x* + 25x* + 26x° +
250y ymy = 7233,

7. (SeJDy Dy) yo1y=1 = |22.5x* +50x* +
78x° + 28.5x%| =g y=1 = 179.

8. (SxSQ—sz3Dy3) x=1y=1 — |
400x* + 52025 + 22 x|,y g =
1237.64

Theorem 2:

Let G be the molecular graph of Ganciclovir. We can
obtain that |V(G)|= 17, |[E(G)| = 18 then, the M-
polynomial and NM-polynomial of G are given by

@) M (G; x, y) = 2xy?+ 2xy3+ 2x%y%+

10x2y3 +3x3y3

(it) NM (G; x, y) = 30xy?+ 22xy3+

26x2y%+ 38x2y3 +12x3y3

| 10xy3 + %Oxzy2 +
19

x2y% + %%y a1 =1 =354,

| 100xy3 +

810
8

x* +

Proof:

Let G denote the molecular graph of Ganciclovir. The
vertices of G are first classified according to their
degrees, and let V; denote the set of vertices of degree
i, where |V;|=n,.

(1) Edge partition and M-polynomial
Each edge of G is classified based on the degree pair
(d(u), d(v)) of its end vertices. From the molecular
structure of Ganciclovir, the following edge partition
is obtained:
myy =|Ep[= 2, myz =|Ej3[F2, myy =|Exp[=2, mys
=|E23=10, m33 =[E33[=3,

Using the definition of the M-polynomial,
M (G; X, y) = Xicjmy; x'y’, We obtain
M (G; x, y) = 2xy 2+ 2xy3+ 2x2y2+ 10x2y3 +3x3y3
@) Non-adjacent pair partition and NM-
polynomial
Letm,; denote the number of non-adjacent vertex pairs
of degree Let m,; denote the number of non-adjacent
vertex pairs of degree (i, j).
The vertex set can be partition into subsets, namely |V;
| =4, [V, |=8,[V5][=6
Applying lemma 1, we obtain
My, =mn, - my, =30,
Mz =nyng - myz =22,
My, =Ny, - My, =26,
MMy3 =MNyNz - My3 =38,
M33 =N3Ng - Mgz = 12.
Hence, by the definition of the NM-polynomial,
NM (G; x, y) = X< 1, x'y/, We have
NM (G; x, y) = 30xy?+ 22xy3+ 26x2y2+ 38x2y3
+12x3y3,
Now we present the numerical values of some degree-
based topological indices of the molecular graph of
Ganciclovir, obtained from its M-polynomial and NM-
polynomial. From Table 1, we obtain the following;
1. (Dy + D)) x=1y=1 = | 6xy* + 8xy* +
8x%y? + 50x%y> + 18x3y>| =1 5=1 = 90.
2. (DyDy) y=1y=1 = |4xy* + 6xy> +
8x%y? + 60x%y> +27x3y>. | g y=1 = 105.
3. (D® + Dy?) yory=1 = |10xy? + 20xy° +
16x?y? + 130x%y® + 54x3y>. |21 =1
=230.

4. (5xS)) x=1y=1 = | Xy* + %xy3 + %xzy2 +

§x2y3 +§ X3y3 |yz1y=1 =4.17.

5. (DySy +5¢Dy) y=1y=1 = | 5xy* +

?xy3 + 4x2y? + 63—5x2y3 +6x3y°|m1y=1
=38.33.

6. (2Se)) xmry=1 = |5 X* +xt +xt 405 +

x°|y=1y=1 = 8.33.
7. (SeDxDy) smaymn = |52° + 3t +

2x* +12x5 +2 2%,y g =21.33.
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8- (SxBQ—ZngDy3) x=1,y=1 = |16X3 +

%x‘* + 16x* + 80x5 +

151.3917.
Likewise, Table 2, we have the following;
1. (Dy + D)) x=1y=1 = | 90xy* + 88xy> +
104x2y?® + 190xy* + 72x%y3|yoq y=1 =

544.

2187

7 x6|x=1,y=1:

2. (DyDy) y=1y=1 = |60xy* + 66xy> +

104x?y?® + 228x%y® +108x°y>. |21 y=1 =
566.

3. (D + Dy®) yory—1 = |150xy? +
220xy3 + 208x2%y? 4+ 494x%y3 +
216x3y3. | 21,=1 = 1288.
4. (5Sy) x=1y=1 = |15xy* +7.333xy> +
6.5x2y? + 6.333x2y3 +
1.333x%y>|21,=1=36.50.
5. (DySy +5¢Dy) y=1y=1 = |75xy* +
73.333xy3 + 52x%y? + 82.333x%y3 +
243y [,y o1 = 306.67.
6. (2Su)) xe1ye1 = | 2023 + 11x* + 13x* +
15.2x% + 4x8|2q =1 = 63.2.
7. (SDy D) yo1yer = |20x* + 165x* +
26x* + 45.6x5 + 18 X8|,y oy = 126.1.
8- (SxBQ—ZngDy3) x=1,y=1 = |240x3 +

74.25x* + 208x* + 304x° +

136.69 x|,y ,—; = 962.9.

Table 3: Numerical comparison of degree-based

topological indices of M-polynomial

Famciclov | Ganciclov | Dominanc
Index ir (M) ir (M) e
First 112 90 Famciclov
Zagreb ir
index
Second 125 105 Famciclov
Zagreb ir
index
F- index 282 230 Famciclov

ir

Second 5.139 4.17 Famciclov
modified ir
Zagreb
index
Symmetri | 56.67 38.33 Famciclov
¢ division ir
index
Harmonic | 10.46 8.33 Famciclov
index ir

Inverse 26.15 21.33 Famciclov
sum index ir
Augmente | 175.65625 | 151.3917 | Famciclov
d Zagreb ir

index

Table 4: Comparison of degree based topological

indices of NM-polynomial

Index Famciclov | Ganciclov | Dominanc
ir (NM) ir (NM) e

First 759 544 Famciclov

Zagreb ir

index

Second 851 566 Famciclov

Zagreb ir

index

F- index 1887 1288 Famciclov

ir

Second 354 36.50 Ganciclovi

modified r

Zagreb

index

Symmetri | 378.83 306.67 Famciclov

¢ Division ir

index

Harmonic | 72.33 63.2 Famciclov

index ir

Inverse 179 126.1 Famciclov

sum index ir

Augmente | 1237.64 962.9 Famciclov

d Zagreb ir

index

Figure 5. Bar-chart comparison of the degree-based
topological indices derived from the M-polynomial

for the molecular graphs of Famciclovir and

Ganciclovir.
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Comparison of M-Polynomial Degree-Based Topological Indices

= Famcic| lovir (M)
== Ganciclovir (M)

Derived Numerical Values

Figure 6. Bar-chart comparison of the degree-based
topological indices derived from the NM-polynomial
for the molecular graphs of Famciclovir and
Ganciclovir.

Comparison of NM.

ial Degree-Based ical Indices

== Famciclovir (NM:
1750 e Ganciclovir (NM)

1500

1000

Derived Numerical Values

CONCLUSION:

The comparative numerical analysis of the degree-
based topological indices obtained from the M-
polynomial shows that the values of M;, M,, F, RM,,
SD, H, IST and AZI for Famciclovir are higher than the
corresponding values of Ganciclovir. This indicates
that the molecular graph of Famciclovir possesses
comparatively greater structural connectivity and
branching characteristics. Therefore, based on the
computed M-polynomial indices, Famciclovir exhibits
dominance over Ganciclovir in the topological
comparison. The result confirm that M-polynomial-
based topological descriptors provide an effective
mathematical tool for distinguishing and comparing
the structural properties of antiviral drug molecular
graphs.
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