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levodopa and carbidopa. Also, the results are graphically

interpreted.
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Introduction Definition 1.1. [12] For each vertex veV(G),

the domination degree is denoted by da(v)
Chemical graph theory is one of the branches and defined as the number of minimal
of mathematical chemistry. The importance dominating sets of G which contains v.
of chemical graph theory lies in
understanding and explaining the nature of
the chemical composition, as it was used in
organizing the current problem because it
determines the arrangement of rules and
laws .accordlng to a specific system and DM, (G) = z ddz (v),
planning. The atoms are represented as the v G)
vertices and the chemical bonds between the
atoms are the edges connecting these DM, (G) = Z dy (U)dy (v),
vertices. Topological indicators are molecular WeE(©)
descriptors that describe the composition of DM; (G) = z (dy ) +dg (V).
chemical structures and help predict some of uveE(G)
the chemical and physical properties of these
structures. A set D sub set of V is said to be a
dominating set of a graph G, if for any vertex
v€EV -D there exists a vertex u€D such that u
and v are adjacent. For more details on
domination in graphs, see [5,6,7,11,18-28]. A
dominating set D={v1,vy,...,v;} is minimal if D
-vj is not a dominating set [10]. A dominating
set of G of minimum cardinality is said to be a
minimum dominating set.

Hanan Ahmed et al. [12] have introduced new
topological indices called domination Zagreb
indices which are based on the minimal
dominating sets defined as:

Where dq4(v) is the domination degree of the
vertex v. The total number of minimal
dominating sets of G is denoted as Tw(G) [12].
The forgotten domination, hyper domination
and modified forgotten domination indices of
graphs [13] are defined as:
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DF(G)= Y d3(v),

VeV (G)

DH(G)= D, (d,()+d,(v)*,
uveE(G)

DF*(G) = Z d (u) +dZ(v).
uveE(G)

Definition 1.2. [14]

d, (v) 4{S cV(G): S is aminimum dominating set and v € S}|
is the domination value of veV(G).

Researchers have introduced new topological
indices called vy-domination topological
indices [14], which are defined as:

yM,(G) = Y, d}(v),

veV (G)

yM,(G)= Y d, (ud,(v),

uveE(G)

yF@G)= Y d}(v),

veV (G)

S. Javaraju et al.

yHG)= 2, (d,(u)+d, ()

uveE (G)

yMIG)= 2 d, (u)+d,(v),

uveE(G)

yF(G)= D dX(u)+d*(v).

uveE(G)

Hanan Ahmed et al., introduce the Definition
of @p-polynomial as follows:

Definition 1.3. Let G=(V, E) be a graph, de(v)
be the P set degree of the vertex v denoted by
[14]:

dP(v)=|{SEV(G): S has property P and veS}|.
The minimum and maximum P set degree of
G are denoted as 6p (G)=6p and Ap(G)=Ap,

respectively. Such that
o, =min{d, (v) :veV(G)} and
Ap =max{d, (v):veV(G)}. Let

dem,;(G) ={e=uv:d,(u) =i,d, (V) = j}|

The @p-polynomial is defined as

(pP(G!X’ y) = Z dpmiyj(G)Xiyj.

Sp<i<j<Ap

TABLE 1 Description of some domination and domination topological indices

D indices f(da(u), da(v)) vD indices f(dy(u), dy(v))
DM*(G) da(u)+da(v) YM1*(G) dy (u)+dy (v)
DF*(G) da2(u)+da2(v) YF*(G) dy2(u)+d,2(v)
DMz(G)  da(u) x da(v) YM2(G) dy (u) x dy (v)
DH(G) da2(u)+dg?(v)+2 YD(G) dy2(u)+d2(v)+2
da(u)xda(v) dy(u)xdy(v)

TABLE 2 Derivation of domination and domination topological indices from @p-polynomials

D indices Derivation from @4(G) /D indices Derivation from @y(G)
DMi*(G) (D, +D, )¢ (G)) ly-y- YM*(G) (D, + D, )(g, (G)) Ly
DF*(G) (D; +Dy)(@4 (G)) ieyas YF(G) (D5 + D)) (@, (G)) Iyt
DM2(G) (D, Dy )(94 (G)) lyeys YM:(G)  (D,D, )9, (G)) |,y

DH(G) (D? +D? +2D,D,)(@, (G)) |, YD(G) (D?+D? +2D,D,)(®, (G))|,.,x

Domination (D) and y-Domination (yD)
indices defined on E(G) can be written as:
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D(G)= 2, f(ds(u).ds(v)),

uveE(G)

yD@)= >, f(d,(u).d, V).

uveE(G)

Here,

D, (f(x y)) = x LLY).
OX

o(f (x,y))
D, (f(x,y)) = Y=y
For more information on topological indices
and polynomial of graph see

[1,2,3,4,9,8,15,16,17].

Results and discussion

Levodopa was developed over 30 years ago
and is often considered the appropriate
standard for Parkinson’s treatment. Levodopa
works by crossing the blood-brain barrier,
where it is converted to dopamine. The blood
enzymes break down most of the levodopa
before it reaches the brain. For this reason,
levodopa is combined with an enzyme
inhibitor called carbidopa. The addition of
carbidopa prevents levodopa from being
metabolized in the gastrointestinal tract and
liver.

In this paper, we used the notations
G=molecular graph of levodopa and
H=molecular graph of carbidopa.
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FIGURE 1 Chemical structure of (a) Levodopa
CoH11N 04 (b) Carbidopa C10H14N204
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FIGURE 2 Molecular graph of (a) Levodopa
CoH11N 04 (b) Carbidopa C10H14N204

Lemma 2.1. Let G and H be the molecular
graphs of levodopa and carbidopa,
respectively. Then, Tm(G)=49, Tm(H)=96 and
there are 6 and 10 minimum dominating sets
in the molecular graphs of levodopa and
carbidopa, respectively

Proof. Let G be the molecular graph of
levodopa C9H11N Os4. The minimal dominating
sets of G are:

D1={v1,v3,V5Vi0viz}, D2={v1,v4,Vs5Vi0Vviz},
D3={v1,v3,V6V7,V10V12},

D4={v1,v4,V6V7,V10,V12}, D5={V3,V5VsVi0Vi2},
Ds={v3,Vs,VgVigV12},

D7={v3,v4,V5 Vg VigViz},
Dg={v2,v4,V6V5Vig,Vi2},
Do={v2,v3,V5V7,Vi0Vi12},
D10={v2,v3,vs,V7,Vi0,Vi2},
D11={v2,v4,V5V7,V10V12},
D12={v2,v4,V6V7,VigV12},
D13={v1,v3,V5Vi0,V13Vi4},

D14={V1,v4,V5,V10,V13,V14},
D15={v1,v3,V6V7,V14V13Vid},

D16={v1,v4V6,V7,V10,V13V14},
D17={Vv3,v5Vs V19 Vi3 Vid},

D18={V3,v6, Vs Vi9, Vi3 Vi4},
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D19={v2,v4,vs,VsVioVi3Vi4},
D20={v2,v4,v6,Vs V1o Vi3Vi4},
D21={v2,v3,V5V7,Vi0V13Vi4},

D22={v2,v3,VV7,Vi0V13Vi4},
D23={v2,v4,vs5V7,Vi0Vi3Vi4},
D24={v2,v4,vsV7,Vi0Vi3,Vi4},

D25={Vv1,v3,V5V9,V11,V12},
D26={V1,v4,V5,V9,V11,V12},
D27={v1,v3,V6V7,V9,Vi1,V12},
D28={v1,V4,V6,V7,V9,V11,V12},
D29={V3,V5VsVi1,V12},
D3o:{ V3,Ve, Vg, V11, V12},
D31={v2,v4,V5,Vo,Vi1,V12},
D32:{ V2,V4,V6,V8,V9,V11,V12 },
D33:{ V2,V3,V5V9,Vii1vi2 },

D34={V3,V3,V6,V7,V9,V11,V12},
D35={V2,V4,V6,V7,V9,V11,V12},
D36={Vv1,v3,V5,V9,V11,V13V14},

D37:{V1,V4,V5,V9,V11,V13,V14},
D3s={V1,V3,V6V7,V9,V11,V13,V14},
D39={Vv1,V4,v6,V7,V9,V11,V13,V14},
D4o={v3,v5vs,V11,V13,V14},

D41={v3,V6V8,V11,V13:V14},
D12={v2,v4,V5,V9,v11,V13,V14},

D43={v2,v4,veVsVi1,V13,Vi14},
D44:{V2,V3, V5,V9,V11,V13,V14 },
D45={v2,v3,v6V7,V9,V11,V13,V14},
Dus={v2,v4V5,VoV11,V13V14},
D47={v2,v4,v6,V7,V9,V11,V13,V14},
D4s={V2,v4,V5,VgV11,V12},
D19={v2,v4,v5,VsV11,V13,V14},

Note that among 49 minimal dominating sets,
there are 6 minimum dominating sets.
Similarly, if H be the molecular graph of
carbidopa CioH14N;04 one can get 96, 10
minimal and minimum dominating sets,
respectively.

From Lemma 2.1, Definition 1.1 and

Definition1.2, we get, if vi€EV(G) then:

da(v1)=16, da(v2)=24, da(v3)=24, da(v4)=24,
dd(V5)24, dd[v6)=24, dd[V7)=20, dd(V,g]:l 6,
dd(Vg):1 7, dd(V10)=24, dd(V11]:24, dd(V12]:24,
dd(V13]=24, dd(V14):24 d)/(V1):2, dY(Vz]ZO,

S. Javaraju et al.

dy(v3)=5, dy(v4)=1, dy(vs)=4, dy(ve)=1,
dy(v7)=0, dy(vs)=4, dy(vs)=0, dy(vio)=4,
d]/(Vu):Z, d]/(V12):6, d)/(V13):0, d]/(V14):0

Similarly, if ueV(H) we get

dd(l,l1)=32, dd[uz)=48, dd[U3):48, dd(U4]=48,
dd(l,l5)=48, dd[u6)=48, dd[U7):40, dd(u,9]=32,
dd(U9):32, dd[U1o):48, dd(U11]:48, dd(U12):48,
dd(u13]:48, dd(u14]:48, dd[u15):48, dd(u16]:48,
dy(ui)=4, dy(uz)=0, dy(u3)=8, dy(us)=2,
dy(us)=7, dy(us)=3, dy(uz)=0, dy(us)=6,
dy(us)=0, dy(u10)=8, dy(u11)=2, dy(uiz)=4,
d]/(l,l13):6, d)/[l,l14)=10, d)/[l,l15):0, d)/[l,l15):0.

Theorem 2.2. If G is the molecular graph of
levodopa, then

(pd(GIX’y):[8Xz4+xz0+xl6+xl 7]y24+[yl 6+y1 7+y20]x16’

Or(Gxy)=2y5+yS+4yty?+[yt+yo X+ 2x2y 4+ [y+yo]
x4

Proof. Case 1: Let

da(u)=1,da(v)=j}/.

The edge set of G can be divided into seven
partitions based on the domination degree of
end vertices of each edge as given as in Table
3, then

damii(G)=[{e=uv:

(pd(GIX’y):[8Xz4+xz0+xl6+xl 7]y24+[yl 6+y1 7+y20]x16’

Case2: Let
d,m;(G)={e=uv:d (u)=id (v)=j}|. The
edge partition depends on the domination

value of end vertices of each edge as given as
in Table 4, then

@y(G,x,y)=2y0+y5+4y4+y2+[y4+yS|x+2x2y4+ [y5+
yé]x‘m

Theorem 2.3. Suppose G is the molecular
graph of levodopa. Then

DM:*(G)=610, yMi*(G)=77,
DF*(G)=13602, yF*(G)=341,
DM:(G)=6728, yM2(G)=69,
DH(G)=27058, yH(G)=479,
DM;(G)=6961, yMy(G)=115,
DF(G)=159345, yF(G)=542.

SRS NSNS
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TABLE 3 Edges partition
damj; (24, 24) (20, 24) (16, 24) (17, 24) (16, 16) (16,17) (16, 20)

Number 8 1 1 1 1 1 1

of edges
TABLE 4 Edges partition

dymij 06 (05 (04 (02 14 @@L (24 A5 46
Number 2 1 4 1 1 1 2 1 1
of edges

FIGURE 3 Plotting of (a) @q-polynomial and
(b) @,-polynomial of molecular graph of
levodopa

Proof. We have
Qa(G,xy)=[8x24+x20+X16+X17[y24+ [y164y17+)20]x16

Then

(Dx+D))(pa(G,xy))=[384x24+44x20+40x16+41x17]
Y24+ [32y16+33y17+36y20[x16,

(D2+D,2)(pa(G,x,y))=[9216x24+976x20+832x16+
865x17]y24+[512y16+545y17+656y20]x16,

(DxDy) (@d(G,x,y))=[4608x24+480x20+384x16+40
8x17]yz4+[256y16+272y17+320y20]x16,

(Dx+D,)2(0a(G,x,y))=[18432x2++1936x20+1600x
1641681x17[y2++[1024y16+1089y17+1296y20]x16:

By using Table 2, we get

DM 1*(G)=[384x24+44x20+40x16+41x17 [y24+[32y1
6+33y17+36y20]x16[,-,-1=610,

DF*(G)=[9216x24+976x20+832x16+865x17]y?++[5
12y16+545y17+656y20]x16|voy-1=13602,

DM (G)=[4608x2++480x20+384x16+408x17|y24+[
256y16+272y17+320y20]x16,-,-1=6728,

DH(G)=[18432x24+1936x20+1600x16+1681x17]y
244[1024y15+1089y17+1296y20]x16=y-1=27058:

For y-domination indices we have,

(py[ G,X,y) :2y6 +y5 +4y4+y2 + [y4+y5]x+2 XZ y4
*[yoysixt:

Then
(Dx#Dy)(py(Gxy))=12y5+5y5+16y*+2y2+
[5y4+6y5]x+12x2y4+[9y5+10y5]x*,
(D2+Dy2)(py(GXy))=72y5+25y5+64y*+4y*+
[17y4+26y5]x+40x2y4+[41y5+52y6]x4,
(DxDy)(py(G,x,y))=[4y*+5y5]x+16x2y*+
[20y5+24y°]x*,

(Dx+Dy)2(py(G,xy))=72y6+2 5y5+64yt+4y?
+[25y4+36y° [x+72x2y4+[81y5+100y5]x*%

By using Table 2, we get

YM1*(G)=12y6+5y5+16y++2y2+[5y++6y5]x+
12x2y4+[9y5+10y6]x4[x=yp-1=77,

FH(G)=72y5+25y5+64y++4y2+[17y++26y°]x
+40x2y4+[41y5+52y6 x4 [x=y-1=341,
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YM2(G)=[4y*+5y5 |x+16x2y4+[20y5+24y6 x4 [x=y=1
=69,

H(G)=72y5+25y5+64y++4y2+[25y4+36y5]x
+72x2y4+[81y5+100y6]x*[x=y-1=479:

Clearly, DM;(G)=6961,
DF(G)=159345, ,F(G)=542.m

M;(G)=119,

Theorem 2.4. Suppose H is the molecular
graph of carbidopa, then

Qa(Hx,y)=[10x48+x40]y48+ [2y18+ 2y32+y40]x32,

Py
(Hxy)=zy*+[2+2x*yo+[1+X3]y7+[2+2Xx7+X4+X7[y8
+[2+x8]y10;

Proof. Casel: Let
dym; (H) s{e=uv:d, (u)=i,d,(v) = j}I.

The edge set of H can be divided into ve
partitions based on the domination degree of
end vertices of each edge as given in Table 5:

Hence,
@a(H,X,y)=[10x48+x40]y48+ [ 248+ 2y32+40]x32,

Case 2: The edge partition depends on the
domination value of end vertices of each edge
as given in Table 6.

FIGURE 4 Plotting of (a) @4polynomial and
(b) @y-polynomial of Carbidopa

TABLE 5 Edges partition

Damj; (48,48) (32,48) (33,32) (32,40) (40,48)
Number of | 10 2 2 1 1

edges
TABLE 6 Edge partition

dym;; (04) (0,6) (0,79 (0,8) (0,10) (28) (3.7) (46) (810) (48 (7.8)
Number 1 2 1 2 2 1 2 1 1 1
of edges

4. DH(H)=126080, \H(H)=1658,

Hence 5. DM;(H)=32320, \M1(H)=396,

QOy(H,x,y)=y*+[2+2x*]y6+[1+x3]y7+[2 +2x2+x4+X7]
Y8+ [2+x8]y10,

Theorem 2.5. Suppose H is the molecular
graph of carbidopa. Then

1. DMy *(H)=1408, ,M;*(H)=154,
2. DF*(H)=63360, ,F*(H)=1120,
3. DM2(H)=31360, ,M2(H)=269,

6. DF (H)=1489408, ,F(H)=2970:

Proof. We have,
(pd(I-I’X’y):[_'l Ox48+x40]y48+[2y48+2y32+y40]x32_
Then
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(Dx*Dy)(a(H,x,y))=[960x*+88x*]y*6+[160y*
+128y32+72y40]x32,

(D:2+D\2)(pa(H,x,y))=[46080x*+3904x*0]y*8
+[6656y48+4096y32+2624y40]x32,
(DxDy)(@wa(H,xy))=[23040x*8+1920x40]y*8
+[3072y48+2048y32+1280y40]x32,

(D«+D,)?(pa(H,x,y))=[92160x8+7744x10]y*8
+[12800y%8+8192y32+5184y40]x32:

By using Table 2, we get

DM, *(H)=[960x%6+88x40]y*5+[160y+6+128y52
+72y40]%32| o-1=1408,

DF*(H)=[46080x%6+3904x4]y43+[66 56y
+4096y52+26.24y40]x32 x=y-1=6 3360,
DM (H)=[23040x#3+1920x40]y46+[307 243
+2048y32+1280y40]x32 [4=y=1=31360,

DH(H)=[92160x%+7744x40]y4+[12800y
+8192y52+5184y40]X32 x=y-1=126080.

For y-domination indices we have,
Oy(Hxy)=yt+[2+2x4|y+[1+X3]y7+[2+2X2+X4+X]
V8+[2+x8]y10,

Then

(Dx#Dy)(py(Hxy))=4y*+[12+20x*[y5+[7+10x3]y
7+[16+20x2+12x4+15x7 [y8+[20+18x8]y19,

(D+D2) (@ (Hxy))=16y*+[72+104x*[yo+[49+5
8x3]y7+[128+136x2+80x++113x7y+[200+164x8
]ylo’

(D:Dy) (@, (H,xy))=48x1ys+21x3y7+[32x2+32x4+5
6x7[y8+80x8y10,

(Dx+Dy)2(@y(H,xy))=16y*+[72+200x*]ys
+[49+100x3]y7+[128+200x%+144x4+225x7[y8
+[200+324x8]y10:

By using Table 2, we get

Mi*(H)=4y*+[12+20xt]ys+[7+10x3]y7+[16+20x2
+12x4+15x7Jy8+[20+18x8]y10[,-,-1=154,

F*(H)=16y*+[72+104x*]y5+[49+58x3]y7+[128+
136x2+80x4+113x7]y8+[200+164x8]y10]y-y-1=112
0,

M3 (H)=48x1y6+21x3y7+[32x2+32x4+56X7]y8
+80x8y10[-,-1=269,

H(G)=16y*+[72+200x%]ys+[49+100x3]y7+[128+
200x2+144x4+225x7 [y8+[200+324x8]y10/s-,-1=16
58:
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Clearly, DM;(G)=32320, yM:(G)=396, DF
(G)=1489408, yF (G)=2970.m

Conclusion

We have studied and computed the

properties of Carbidopa-Levodopa used for
treatment Parkinson’s disease through
domination and y-Domination topological
indices. First, we found ¢4 polynomial and ¢,
polynomial and their respective 3D graphs
(Figures 3 and 4). Then we computed the
domination and y-Domination indices from
these polynomials.
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