:rni
A4

http://pubs.acs.org/journal/acsodf

This article is licensed under CC-BY-NC-ND 4.0 @ @ @ @

Vertex-Based Resolvability Parameters for Identification of Certain
Chemical Structures

Malkesh Singh, Sunny Kumar Sharma, and Vijay Kumar Bhat*

I: I Read Online

[l Metrics & More |

Cite This: ACS Omega 2023, 8, 39865-39872

ACCESS |

Article Recommendations

ABSTRACT: Chemical graph theory explores chemical phenomena 171 *\v «
and entities through the conceptual framework of graph theory. In -~ LI, b
chemical graph theory, molecular structures are represented by *;* Ss6 D¢ >
chemical graphs, where edges and vertices correspond to bonds and /r 1710 PO -
atoms, respectively. Chemical graphs serve as fundamental data — « .+~ ~ s - A
types in cheminformatics for illustrating chemical structures. The " * ° I I];/Ii{]ium Ll
. . L. esolving sets for Sgg and
computable properties of graphs form the basis for quantitative o L : Ay, are Obtained
structure—property and structure—activity predictions, which are NGV T
central to cheminformatics. These graphs capture the physical — « A »v o) A Comparison is made Between
characteristics of molecules and can be further reduced to graph- /4% O O RIS the Metric dimension of Sgq

. . 1 . . . . ) d A
theoretical indices or descriptors. One extensively studied distance- ¥ VANV 200 Liis

based graph descriptor is the resolving set Z, which enables the A116"H A
distinction of every pair of distinct vertices in a connected simple
graph. Resolving sets were specifically employed in pharmaceutical research to find patterns shared by several different drugs. Since
very early times, medicinal drugs have played a significant part in human civilization. In this article, we investigate minimum
resolving sets for certain significant drug molecular structures, namely, suramin (Sgs) and acemannan (A;4)

[N

1. INTRODUCTION

The field of graph theory, which falls under the realm of
emerging mathematics, has found extensive application in
various domains such as sociology, computer science, electrical
engineering, chemical engineering, geography, transportation,
and statistical mechanics. Presently, chemical structures have
firmly established themselves as valuable entities within graph
theory." The methods rooted in the field of graph theory are
employed in chemistry, as well as numerous other scientific
disciplines, necessitating a diverse range of graph operations,
including the transformation and determination of various
graph invariants. A highly sophisticated approach is required to
calculate a specific graph invariant if it holds any chemical
significance.” One such graph invariant is the investigation of
the metric dimension (and its versions) within the complex
structures of chemical compounds.

The notion of a metric dimension in graphs was introduced
by Slater’ and subsequently explored by Harary and Melter."
Notably, Erdos et al.” had already studied the concept of
dimension in graphs in 1965. To better grasp these notions, let
us consider an example: any set of three noncollinear points
can uniquely determine the location of every point within the
Euclidean plane based on their respective distances.

Next, the concept described by Slater’ was applied in various
practical scenarios, such as facility location problems, sound
navigation and ranging (SONAR), and coast guard long-range
navigation (LORAN). Caceres et al.” explored the concept of
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metric basis and its corresponding dimension in mastermind
games and coin-weighing problems. Chartrand et al.”
showcased its applications in the field of chemistry, whereas
Tomescu and Melter® utilized this concept in the context of
pattern recognition and image processing. Additionally,
Khuller et al” documented the utilization of a metric
dimension in robot navigation. Chemical structures can be
easily studied by using chemical graph theory. Chemical graph
theory serves as a valuable tool for the examination of diverse
chemical networks, intricate structures, and topologies,
presented in the form of a graph, which can be challenging
to analyze in their inherent configuration. Medicinal drugs,
fundamental chemical compounds employed to improve the
physical or mental well-being of humans/animals through the
treatment, cure, prevention, and diagnosis of various hazardous
diseases, are the focus of this study. Within this research, we
ascertain the metric basis and dimensions of noteworthy drugs,
specifically suramin and acemannan.
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The chemists Oskar Dressel, Richard Kothe, and Bernhard
Heymann developed suramin for the first time in 1916 at the
Bayer AG laboratory in Elberfeld after studying a number of
urea-like chemicals. The drug is still sold by Bayer under the
brand name Germanin. The molecular formula of suramin is
Cs1HyNgO,3Ss, and the chemical structure of suramin is
shown in Figure 1. Suramin is used to treat trypanosome-
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Figure 1. Chemical structure of suramin.

related human sleeping sickness. It is used to treat first-stage
African trypanosomiasis without affecting the central nervous
system, specifically caused by Trypanosoma brucei rhodesiense
and T. brucei gambiense. It has been used in the treatment of
river blindness (onchocerciasis). It is a symmetric molecule
with a urea (NH—CO—NH) functional group in its center.
Suramin has four amide functional groups (in addition to the
urea) and six sulfonic acid groups, as well as six aromatic
systems, including four benzene rings sandwiched between two
naphthalene moieties. Because this formulation is water-
soluble and does not degrade quickly in the air, it is commonly
prescribed as sodium sulfonate salt when given as a medicine.

Polysaccharides are a type of carbohydrate with a high
molecular weight, which represent a large class of bioactive
molecules derived from microorganisms, plants, or animals."’
Due to their great and remarkable bioactivities, such as their
antimicrobial,”’ anticancer,’* and antioxidant'® properties,
polysaccharides are widely employed in a variety of healthcare
goods and medications. One of the most well-liked medical
plants, aloe vera, is used extensively worldwide for the
prevention or treatment of skin conditions, metabolic
disorders, cardiovascular conditions, and cancers. One of aloe
vera’s primary bioactive polysaccharides, acemannan, a (1,4)-
acetylated soluble polymannose, has a number of biological
effects, including immunoregulation, anticancer, antioxidation,
the promotion of bone proliferation and wound healing,
neuroprotection, and intestinal health promotion.14 The
molecular formula of acemannan is CgH;ooNO,o, and the
chemical structure of acemannan is shown in Figure 2.
Acemannan typically has molecular weights between 1000 and
1600 kDa.">'® The majority of plant polysaccharides, including
thamnose (Rha), mannose (Man), fucose (Fuc), glucose
(Gle), xylose (Xyl), arabinose (Ara), and galactose (Gal), are
made up of two or more types of monosaccharides. In contrast,
acemannan is primarily made up of mannose (84.9%), glucose
(7.2%), and galactose (3.9%)."° Next, we will provide an
applicative review regarding these two aforementioned chemi-
cally significant drugs, i.e., Sgs and A; ¢

1.1. Applications of Sgg and A; ;6. The first stage of acute
human sleeping sickness, which is brought on by T. brucei
rhodesiense, is still treated with suramin, a drug that has been
around for 100 years.'” However, because it cannot pass the
blood—brain barrier, it is only used to treat the early
(hemolymphatic) stage of sleeping sickness when the patient’s
central nervous system has not yet been infected with
trypanosomes. An initial test dosage of 4 to S mg/kg of
body weight is usually followed by five-week intravenously
administered doses of 20 mg/kg (but not more than 1 g) of
suramin.'® In addition, suramin is used to treat camels suffering
from surra (mal de caderas), which is brought on by
Trypanosoma evansi.'” Suramin also prevents the dengue
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Figure 2. Chemical structure of acemannan.
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virus from attaching to host cells by directly affecting the viral
envelope protein.”” It was demonstrated that it prevented the
chikungunya virus from producing RNA or replicating it.”'
When present at the time of infection, suramin offered
protection in vitro, and this was attributed to a decrease in the
viral host cell binding and uptake.”

Acemannan, which has been extracted and refined from aloe
vera, is frequently employed in pharmaceuticals and functional
foods because of its wide range of biological activities."*
Acemannan has reportedly had numerous pharmacological and
biological uses in the medical and industrial domains in recent
years, including the treatment of tumor disorders,” metabolic
diseases,”* cardiovascular diseases, and oral diseases. Ace-
mannan’s potential applications frequently entail processing,
which can include heating, drying, pasteurization, and
dehydration.">** Tt can also serve as a scaffold to facilitate
the migration and attachment of cell growth factors.
Acemannan significantly affects alveolar bone healing and
further encourages bone formation. As a result, acemannan
might be a biopolysaccharide substance that naturally
regenerates bone.”® Next, we discuss the most active research
domains and topics known as the chemical graph theory,
metric dimension, and edge metric dimension, respectively.

1.2. Molecular and Resolvability Parameters in Graph
Theory. Chemical graph theory is a fascinating discipline that
lies at the intersection of chemistry and mathematics. It
involves the application of graph theory concepts and
techniques to analyze and understand chemical compounds
at the molecular level. Over the past few decades, this field has
undergone significant growth, offering novel and innovative
ideas for such studies. In essence, chemical graph theory
encompasses all aspects of applying graph theory to chemistry.
Chemical graph theory plays a critical role in various areas of
chemistry including drug discovery, material science, and
computational chemistry. It enables scientists to analyze and
compare molecular structures, identify isomeric relationships,
and explore the relationships between the structure and
properties. By employing graph theoretical algorithms and
techniques, researchers can unravel complex structural
patterns, elucidate reaction mechanisms, and design novel
molecules with the desired properties.

Moreover, chemical graph theory serves as a foundation for
the development of computational methods used in chemo-
informatics and molecular modeling. It provides a rigorous
framework for the construction and manipulation of molecular
graphs, facilitating the development of algorithms for
molecular simulation, property prediction, and virtual screen-
ing of chemical compounds. Upon converting the molecular
structure into a graph, a comprehensive examination of the
structures can be conducted." Detailed structural analysis
becomes readily achievable by translating the molecular
structure into a graph representation. Notably, two significant
chemical compounds, suramin and acemannan, play crucial
roles in medicinal drugs for treating life-threatening diseases. In
graph theory, the metric dimension and its developed versions
are extensively researched parameters. Similarly aligned with
this theme, our research investigates the metric dimension of
the molecular structures of Sgs and A, 4.

The term “locating set” was initially coined by Slater in 1975
to denote the issue of unambiguously determining or
distinguishing the positions of intruders within a network,
thereby introducing the concept of a metric dimension. In a
separate development, Harary and Melter independently
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introduced a similar concept in 1976, referring to a specific
set as a “resolving set”. Following the publication of such
pivotal works, a considerable amount of research has been
conducted on the theoretical properties and specific
applications of this graph invariant. Notably, Chvatal”’ and
Erdos and Rényi*® explored important links between graph-
resolving sets and coin-weighing games. Melter and Tomescuy,”
as well as Chartrand et al,” applied this concept to image
processing, pattern recognition, and chemistry-related fields,
respectively. The combinatorial optimization perspective of a
metric dimension was investigated by Sebo and Tannier.””
Additionally, Khuller et al.” came up with the utilization of a
metric dimension in robot navigation, while Slater’ examined
its relevance to problems in SONAR, facility location, and
LORAN for the coast guard.

In the realm of the metric dimension, the literature has
introduced various iterations of resolving set variations. One
such variation involves the resolution of two edges based not
only on individual vertices but also on a specific set of selected
vertices. Kelenc et al.” proposed the notion of an edge metric
dimension (EMD) to encapsulate this concept. In a similar
vein, Kelenc et al.*' introduced mixed metric resolving sets,
which combine both vertex resolvability and edge resolvability.
In a mixed resolving set for a graph G = G(V, E), each element
of V(G) U E(G) is uniquely determined with respect to an
ordered subset of a set of vertices of G.

Researchers have conducted investigations on the resolv-
ability parameters of various graph families, which have had a
significant impact. For instance, Koam and Ahmad®” examined
the EMD of the barycentric subdivision of Cayley graphs.
Ahsan et al.”’ and Sharma and Bhat’* obtained metric
dimension and EMD values for specific families of convex
polytope graphs. Xing et al.”> explored the mixed metric
dimension (MMD) for selected graphs, including wheel
graphs. Furthermore, recent research has focused on the
conceptualizations of metric dimension, EMD, and MMD for
various important molecular graphs. For example, Hussain et
al*® investigated the metric dimension of 1-pentagonal carbon
nanocone networks. Siddiqui and Imran®” examined the metric
dimension of H-naphthalenic and VC5C7 nanotubes. The
concept of EMD for the same nanocone network was applied
by Sharma and Bhat.*® For networks such as the silicate star
network, the metric dimension was determined by Simonraj
and George.”

2. PRELIMINARIES

We will discuss some fundamental definitions related to metric
dimensions in this particular section.

Definition 1. Resolving set:* Let I' = (V, E) be a simple
connected graph and let R = {r}, ry, 3,., r;} be an ordered

b a i

G = G(V,E)

Figure 3. Graph G.
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Figure 4. Molecular graph of Sg.

subset of the set of vertices V(I') of I'. The distance d (p, q)
between two vertices of I" is the length of the shortest path

between p and q. The representation of a vertex s of I" with
respect to R is the k-vector (d(s, r1), d(s, 15),..., d(s, r.)) and it
is denoted as ¢(sIR). If the representation for different vertices
in I is distinct, then the set R is called a resolving set for I'.

Definition 2. Metric dimension:® A resolving set with a
minimum number of elements is referred to as the metric basis
for I, and the cardinality of the minimum resolving set is called
the metric dimension of the graph I' and is represented by
dim(T").

Definition 3. Independent set:** A subset of vertices in a
graph in which there is no pair of vertices that are adjacent is
called an independent set.

Example 1. Consider a graph G = G(V, E) with 13 vertices
and 14 edges as shown in Figure 3.

The set H, = {a, b, m} is a resolving set for the graph G =
G(V, E). Since the metric codes for the vertices of G = G(V, E)
with respect to H; are ¢(alH,) = (0, 1, 4), ¢(blH,) = (1, 0, S),
s(dH,) = (2,1, 6), ¢(dIH;) = (3,2,5), g(elHy) = (2, 3, 4), g(ﬂ
H)) =(1,2,3), g(ngl) =(2,3,2), ¢(hH,) = (3,4, 1), g (ilH;)

Table 1. Metric Coordinates for the Vertices of Sgq

metric metric
codes corresponding values codes corresponding values
¢(mH,) (18, 18, 19, 19, 17, 17, ¢(mylH,) (7,7,6,6,2,0, 32,32,
17, 17, 19, 19, 18, 18) 34, 34, 33, 33)
¢(mylH,) (17, 17, 18, 18, 16, 16, c(myslH,) (18,18, 19, 19, 17, 17,
16, 16, 18.18.17, 17) 15, 15, 17, 17, 16, 16)
¢(msylH,) (16, 16, 17, 17, 15, 15, c(mylH,) (19, 19, 20, 20, 18, 18,
17, 17, 19, 19, 18, 18) 14, 14, 16, 16, 15, 15)
¢(m,H,) (15, 15, 16, 16, 14, 14, ¢(myH,) (20,20, 21, 21, 19, 19,
18, 18, 20, 20, 19, 19) 15, 15, 17, 17, 16, 16)
¢(mglH,) (16, 16, 17, 17, 15, 15, c(mylH,) (21, 21, 22, 22, 20, 20,
19, 19, 21, 21, 20, 20) 14, 14, 16, 16, 15, 15)
c(mgH,) (15, 15, 16, 16, 14, 14, c(mylH,) (22,22, 23,23, 21, 21,
20, 20, 22, 22, 21, 21) 13, 13, 15, 15, 14, 14)
¢(m;|H,) (14, 14, 15, 15, 13, 13, c(mgolH,) (21, 21, 22, 22, 20, 20,
21, 21, 23, 23, 22, 22) 12, 12, 14, 14, 13, 13)
c(mgH,) (13,13, 14, 14, 12, 12, ¢(mglH,) (20, 20, 21, 21, 19, 19,
20, 20, 22, 22, 21, 21) 13, 13, 15, 15, 14, 14)
¢(mylH,) (14, 14, 15, 15, 13, 13, c(mglH,) (22,22, 23, 23, 21, 21,
19, 19, 21, 21, 20, 20) 11, 11, 13, 13, 12, 12)
c(mpH,) (12,12, 13, 13, 11, 11, c(mgyH,) (23,23, 24, 24, 22, 22,
21, 21, 23, 23, 22, 22) 12, 12, 14, 14, 13, 13)
c(mylH,) (13, 13, 14, 14, 12, 12, c(mylH,) (23,23, 24, 24, 22, 10,
22,22, 24, 24, 23, 23) 10, 12, 12, 11, 11)
¢(mplH,) (11, 11, 12, 12, 10, 10, c(mgslH,) (24, 24, 25, 25, 23,23, 9,
22, 22, 24, 24, 23, 23) 9, 11, 11, 10, 10)
¢(mylH,) (10,10, 11, 11,9,9, 23,  ¢(mglH,) (25, 25, 26, 26, 24, 24,
23, 25, 25, 24, 24) 10, 10, 12, 12, 11, 11)
c(mylH,) (11, 11, 12, 12, 10, 10, c(mglH,) (26,26, 27, 27, 25, 25,
24, 24, 26, 26, 25, 25) 11, 11, 13, 13, 12, 12)
¢(milH,) (12, 12, 13, 13, 11, 11, c(mglH,) (26, 26,27,27,25,25,9,
25, 25, 27, 27, 26, 26) 9, 11, 11, 10, 10)
¢(mlH,) (10,10, 11, 11,9,9,25,  ¢(mglH,) (27,27, 28, 28, 26, 26, 8,
25,27, 27, 26, 26) 8,10, 10,9, 9)
¢(m;1H,) (9,9,10, 10, 8, 8,26,26, c¢c(mglH,) (26,26,27,27,25,25,7,
28, 28,27, 27) 7,99, 8, 8)
cimlH,) (8,8,99 77 25,25, ¢c(mglH,) (25, 25, 26, 26, 24, 24, 8,
27, 27, 26, 26) 8,10, 10,9, 9)
¢(mylH,) (9,9,10, 10, 8, 8,24,24, c(mglH,) (27,27,28, 28, 26, 26, 6,
26, 26, 25, 25) 68,87 7)
¢(mylH,) (7,7, 8,8, 66,26, 26, c(mglH,) (28,28, 29, 29 27,27,7,
28, 28, 27, 27) 7,998,
¢(mylH,) (8,8,9,9, 77 27,27, c(mglH,) (28,28, 29,29,27,27,5,
29, 29, 28, 28) S,7,7,6,6)
¢(mplH,) (6,6,7,7,5,5,27,27, c(mgslH,) (29, 29, 30, 30, 28, 28, 4,
29, 29, 28, 28) 4,6,6,5,5)
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metric metric
codes corresponding values codes corresponding values
c(myulH,) (5 5,6,6,4,4,28,28,  ¢(mglH,) (30,30, 31, 31,29, 29,5,
30, 30, 29, 29) 5,7,7, 4 4)
c(myH,) (4,4,7,7,5,5, 29,29, ¢(mglH,) (31, 31, 32, 32, 30, 30, 6,
31, 31, 30, 30) 6,6,6,3,3)
¢c(mylH,) (3, 3,6, 6,6, 6, 30, 30, c(mglH,) (32,32, 33, 33, 31, 31, S,
32, 32, 31, 31) 555,2,2)
c(mgH,) (2,2,5,5,5,5, 31, 31, c(melH,) (31, 31, 32, 32, 30, 30, 4,
33, 33, 32, 32) 4,4,4,3,3)
¢(mylH,) (1, 1,6,6,6,6,32,32, ¢c(mylH,) (30, 30, 31, 31, 29, 29, 3,
34, 34, 33, 33) 3,5544)
c(mylH,)  (0,2,7,7,7,7, 33, 33, ¢(m,H,) (31, 31, 32, 32, 30, 30, 2,
35, 35, 34, 34) 2,4,4,5,5)
c(mylH,) (2,0,7,7,7,7, 33, 33, ¢c(myH,)  (32,32,33,33,31,31, 1,
35, 35, 34, 34) 1,556 6)
cimylH,)  (2,2,7,7,7,7, 33, 33, c(my5H,) (33,33, 34, 34, 32, 32, 0,
35, 35, 34, 34) 2,667, 7
c(mylH,) (3,3, 4, 4, 4, 4, 30, 30, ¢c(myH,) (33,33, 34, 34,32, 32, 2,
32, 32, 31, 31) 2,6,6,7,7)
c(myplH,)  (4,4,5,5,3,3,29,29, c(myslH,) (33,33, 34, 34, 32, 32, 2,
31, 31, 30, 30) 0,6,6,7,7)
c(mylH,)  (5,5,4,4,2,2,30,30,  c(myH,) (32,3233, 33,31,31,3,
32, 32, 31, 31) 3,3,3,6,6)
c(myH,) (6,6, 3,3,3,3,31,31, ¢(my,1H,) (33,33, 34, 34, 32, 32, 4,
33, 33, 32, 32) 4,2,2,55)
c(mylH,)  (5,5,2,2, 4, 4,32, 32, c(myglH,) (34, 34, 35, 35, 33, 33, 5,
34, 34, 33, 33) 5,1,1,6,6)
c(mylH,) (6,6,1,1,5,85, 33,33, c(mplH,) (35, 35, 36, 36, 34, 34, 6,
35, 35, 34, 34) 6,227 7)
¢(mylH,) (7,7,0,2,6, 6, 34, 34, c(mgolH,) (35, 35, 36, 36, 34, 34, 6,
36, 36, 35, 35) 6,0,2,7,7)
c(myglH,)  (7,7,2,0,6,6, 34, 34, c(mglH,) (35, 35, 36, 36, 34, 34, 6,
36, 36, 35, 35) 6,2,0,7,7)
c(mylH,)  (7,7,2,2,6,6, 34, 34, ¢(mgylH,) (32,32, 33, 33, 31, 31, §,
36, 36, 35, 35) 53,3, 4,4)
c(mwlH,) (4,4,3,3,55,31, 31, c(mgyH,) (33, 33, 34, 34, 32, 32, 6,
33, 33, 32, 32) 6,66 1,1)
¢(mylH,) (6,6,5,51,1,31, 31, c(mgylH,) (34, 34, 35, 35, 33, 33, 7,
33, 33, 32, 32) 7,7,7,0,2)
c(mylH)  (7,7,6,6,2,2, 32,32, c(mgglH,) (34, 34, 35, 35, 33, 33, 7,
34, 34, 33, 33) 7,7,7,2,0
¢(mylH) (7,7,6,6,0,2,32,32, ¢(mggH,) (34 34, 35, 35, 33, 33, 7,
34, 34, 33, 33) 7,7,7,2,2)

https://doi.org/10.1021/acsomega.3c06306
ACS Omega 2023, 8, 39865—39872


https://pubs.acs.org/doi/10.1021/acsomega.3c06306?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06306?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06306?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06306?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c06306?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf
d51
d
0d5q oo dgq dso_ad49
dog dag
dos . d37  dday Q5 dss
d
dprd 20 \d24 ¢4 2% Az a3
& dsge dsy dos
d1s d1g 22 A3 dsg™edsg  #dg)
q %o  [ds2 [ds3 dss
d, 14 dq3 Uqg oy : dsa dso dg1 g1 .
dqg U35 33 d3s dgo 105 g . di15
103
dq do dg dqq doo d7o des d71 d7g dg3 da7 d104 ’ e
d d7 d1o dsg dy Y = d114
3 g de7 a7 34 Wgg oo d113
dg dg 69 d77 dss dgg, dgs d106
d
d7g d7s dee dgo dos dgg 106 dio7 d112
d7s , d108 dirq
d 98
d83 01 g, d109
d110

Figure S. Molecular graph of A, .

Table 2. Metric Coordinates for the Vertices of A ;4

metric metric
codes corresponding values codes corresponding values
¢(d||H,) (0,5,11,15,16,21,27, ¢(dylH,) (9,6,6,6,7,12, 18,22,
31, 36, 41, 40) 27, 32, 31)
¢(d,lH,) (1,4, 10, 14,15, 20,26, ¢(dylH,) (10,7,5,5, 6, 11, 17,
30, 35, 40, 39) 21, 26, 31, 30)
c(dyH,) (2,5,11,15,16,21,27, ¢(dylH,) (9,6,4,6,7, 12, 18,22,
31, 36, 41, 40) 27, 32, 31)
c(d,H,) (2,3,9, 13,14, 19,25, ¢(dylH,) (8,5,3,7,8,13, 19,23,
29, 34, 39, 38) 28, 33, 32)
c(dyH,) (3,2,8,12,13, 18,24, ¢(dyslH,) (9, 6,2,8,9, 14, 20, 24,
28, 33, 38, 37) 29, 34, 33)
c(dgH,)  (4,1,9, 13,14, 19,25, ¢(dylH,) (10,7, 1,9, 10, 15, 21,
29, 34, 39, 38) 25, 30, 35, 34)
g(d7|Hr) (5) 2! 10) 14! 151 207 26; g(d27|Hr) (llr 8) Or 10) 11; 16) 227

30, 35, 40, 39) 26, 31, 36, 35)

s(dgH,)  (6,3,11,15,16,21,27, ¢(dyH,) (11,38,2,10,11, 16,22,
31, 36, 41, 40) 26, 31, 36, 35)
g(dng,) (7; 21 101 141 15; 207 26; g(d29|Hr) (101 7: 5; 71 8’ 131 19;
30, 35, 40, 39) 23, 28, 33, 32)
c(dlH,) (6,1,9,13,14, 19,25, ¢(dylH,) (11,8, 6, 4, 5, 10, 16,
29, 34, 39, 38) 20, 25, 30, 29)
g(dlllHr) (S) 01 81 12r 131 181 24r g(dany) (121 9) 71 3r 41 91 15) 191
28, 33, 38, 37) 24, 29, 28)
g(dller) (6’ 11 7’ 111 12; 171 23: g(d3Z|Hy) (13r 10’ 8; 2; 51 8: 14;
27, 32, 37, 36) 18, 23, 28, 27)
c(dslH,) (5,2, 6,10, 11, 16,22, ¢(dy3lH,) (14,11, 9,1, 6, 9, 15,
26, 31, 36, 35) 19, 24, 29, 28)
c(dyH,) (4,3,7, 11,12, 17,23, ¢(dsylH,) (15,12, 10,0, 7, 10, 16,
27, 32, 37, 36) 20, 25, 30, 29)
c(diglH,) (5, 4,8,12,13,18,24, ¢(dyslH,) (15,12, 10,2, 7, 10, 16,
28, 33, 38, 37) 20, 25, 30, 29)
g(dlélHr) (6) 3; 5; 9r 10) 15; 21) g(d36|Hr) (13/ 10) 8; 4; 3r 8) 14;
25, 30, 35, 34) 18, 23, 28, 27)

= (4; 5; 2); g(JlHl) = (5) 6; 3); g(lel) = (6) 7; 2); g(llHl) = (5;
6, 1), ¢(mlH,) = (4, 5, 0).

However, H, is not a resolving set of the smallest cardinality
because the set H, = {a, m} is also a resolving set. Again, the
set Hy = {a} is not a resolving set because ¢(mlH;) = ¢(ilH;) =
4. Since the graph G = G(V, E) is not a path graph, no
singleton vertex forms a resolving set for G and hence dim(G)
=2.

In this study, we particularly focus on two drugs, namely,
suramin (Sgs) and acemannan (A;¢).

3. METRIC BASIS AND METRIC DIMENSION OF Sgq

The structure of Sgq is discussed in this section. We examine
some of its fundamental attributes and determine its metric
dimension.

3.1. Molecular Graph of Sgs. The molecular graph of Sg,
as can be seen in Figure 4, consists of 86 vertices and 93 edges.
It contains eight 6-cycles. The number of vertices to the left of
m, is equal to the number of vertices to the right of m, in the
molecular graph of Sgq. This symmetry helps in finding metric
codes for the structure. The colored vertices in Figure 4 are
those that are involved in the resolving set of Sg.

Theorem 1. The metric dimension of Sgy is 12, i.e., dim(Sg4)
= 12.

Proof: Let H, = {myg, myq, My, My, Mys, Myy, Mys, Mys, Mg,
gy, Mgy, and mgs} be a subset of vertices of Sgs. We will show
that H, serves as a resolving set for Sgq and has the smallest
number of elements, i.e., H, serves as a metric basis for Sg.

The metric code representations for each vertex in Sg4 are
given in Table 1:

From Table 1, we can see that all the metric codes for
distinct vertices are distinct and it follows that dim(Sgs) < 12.
Now, it only remains to show that dim(Sg) > 12.

If none of the vertices among {m,g, m,,} is not involved in
the resolving set, H,, then the metric codes for two different
vertices become identical. Also, if none of the vertices among
{m,o, msy} is not involved in the resolving set, H,, then the
metric codes for two different vertices become identical. So,
two vertices from the set {mm,g, m,9, and my,} must be included
in the resolving set, H,.

If none of the vertices among {my;, mss} is not involved in
the resolving set, H,, then the metric codes for two different
vertices become identical. Also, if none of the vertices among
{mss, mse} is not involved in the resolving set, H,, then the
metric codes for two different vertices become identical. So,
two vertices from the set {m;;, msg, and m;o} must be included
in the resolving set, H,. In the same way, two vertices from the
set {my,, my;, and m,,} must be included in H,.
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Table 3. Metric Coordinates for the Vertices of A4

metric metric
codes corresponding values codes corresponding values
g(d17|Hr) (7r 4) 41 8) 9) 141 20/ 24‘r g(d37|Hr) (14‘r 11) 9) 5; 2) 91 15)
29, 34, 33) 19, 24, 29, 28)
g(dlslHr) (87 5) 5; 7) 8) 13; 19; 237 é'(dsslHy) (157 12) 10; 6; lr 10)
28, 33, 32) 16, 20, 25, 30, 29)
g(dler) (97 6) 6’ 87 91 14; 20! 247 g(d39|Hr) (167 13) 11; 7; 07 111
29, 34, 33) 17, 21, 26, 31, 30)
¢c(dyH,) (10,7,7,9, 10, 15,21, ¢(dH,) (16, 13, 11, 7, 2, 11,

25, 30, 35, 34) 17, 21, 26, 31, 30)

¢(dyH,) (15,12,10, 6,5, 8, 14, ¢(doH,) (28, 25,23, 17, 18, 13,
18, 23, 28, 27) 7,5, 8,13, 12)
¢(dplH,) (14,11, 9,5, 4, 7,13,  c(dglH,) (29, 26, 24, 18, 19, 14,
17, 22, 27, 26) 8,6,9, 14, 13)
¢(dyH,) (15,12,10, 4,5, 6,12, ¢(dglH,) (30, 27, 25, 19, 20, 15,
16, 21, 26, 25) 9,7, 10, 15, 14)
g(d44|Hr) (141 11, 91 3r 6: 7, 13; g(dsler) (241 21, 191 13, 14, 9;
17, 22, 27, 26) S, 7, 12, 17, 16)
¢c(dylH,) (16, 13,11,5,6,5 11, ¢(dglH,) (29, 26, 24, 18, 19, 14,
15, 20, 25, 24) 8,6,7, 12, 11)
¢c(dylH,) (17, 14,12,6,7,4,10, ¢(dg,H,) (30,27, 25, 19, 20, 15,
14, 19, 24, 23) 9,5, 6,11, 10)
¢c(dylH,) (18,15,13,7,8,3,9, ¢(dglH,) (29, 26, 24, 18, 19, 14,
13, 18, 23, 22) 8, 4,7, 12, 11)
c(dylH,) (19,16, 14,8,9,2,10, ¢(dgH,) (30,27, 25, 19, 20, 15,
14, 19, 24, 23) 9,5,8, 13, 12)
¢c(dywlH,) (20,17, 15,9, 10, 1, ¢(dg;1H,) (31, 28, 26, 20, 21, 16,
11, 15, 20, 25, 24) 10, 6, 5, 10, 9)
c(dglH,) (21,18, 16,10, 11,2,  ¢(dglH,) (32,29, 27,21, 22, 17,
12, 16, 21, 26, 25) 11,7,4,9,8)
¢c(dglH,) (21,18, 16,10, 11,0,  ¢(dglH,) (33, 30, 28, 22, 23, 18,
12, 16, 21, 26, 25) 12,8,3,8,7)
c(d,lH,) (18,15,13,7,8,59, ¢(dylH,)  (34,31,29, 23, 24, 19,
13, 18, 23, 22) 13,9,2,9,8)
¢c(d;lH,) (19,16, 14, 8,9, 6,10, ¢(dylH,) (35, 32, 30, 24, 25, 20,
14, 19, 24, 23) 14, 10, 1, 10, 9)
¢(dy,H,) (20,17, 15,9, 10, 7, ¢(dylH,) (36, 33, 31, 25, 26, 21,
11, 15, 20, 25, 24) 15, 11, 2, 11, 10)
c(dsslH,) (19,16, 14,8,9, 6,8 ¢(doslH,) (36, 33, 31, 25, 26, 21,
12, 17, 22, 21) 15, 11, 0, 11, 10)
¢(dylH,) (20,17,15,9,10,5,7, ¢(doH,) (34, 31,29, 23, 24, 19,
11, 16, 21, 20) 13,9, 4,7, 6)
c(ds;lH,) (19,16, 14,8,9, 4,8,  ¢(doslH,) (35, 32, 30, 24, 25, 20,

12, 17,22, 21) 14, 10, 5, 6, S)

metric metric
codes corresponding values codes corresponding values
c(dslH)  (20,17,15,9,10,5,9, c(dlH,) (34, 31, 29, 23, 24, 19,

13, 18, 23, 22) 13,9, 6,7, 6)

¢(delH,) (21,18, 16,10, 11,6,  ¢(doylH,) (33, 30, 28, 22, 23, 18,
6, 10, 15, 20, 19) 12,8,5,8,7)
¢c(deoH,) (22,19,17,11, 12,7,  ¢(dolH,) (35, 32, 30, 24, 25, 20,
5,9, 14, 19, 18) 14, 10, 5, 8, 7)
¢c(dgilH,) (23,20,18,12, 13,8,  ¢(delH,) (36, 33, 31, 25, 26, 21,
6, 8,13, 18, 17) 15,11, 6, 5, 4)
¢c(delH,) (24,21,19,13,14,9, ¢(doH,) (37, 34, 32, 26, 27, 22,
7,9, 14, 19, 18) 16, 12,7, 4, 3)
c(dglH,) (25,22, 20,14, 15,10, ¢(dilH,) (38, 35, 33,27, 28, 23,
8, 10, 15, 20, 19) 17,13, 8, S, 4)
s(dulH,)  (23,20,18,12,13,8,  ¢(dinlH,) (39, 36, 34, 28, 29, 24,
4,8, 13,18, 17) 18, 14,9, 6, 5)
¢(deslH,) (24,21, 19,13, 14,9,  ¢(d\3lH,) (40, 37, 35, 29, 30, 25,
5,9, 14, 19, 18) 19, 15, 10, 7, 6)
g(déslHy) (24: 21) 191 131 14} 91 g(d104|Hr) (34! 311 29) 23) 24r 19!
3,7, 12, 17, 16) 13,9, 6,9, 8)
¢c(deIH,)  (25,22,20, 14,15, 10, ¢(d\oslH,) (35, 32, 30, 24, 25, 20,
2, 8,13, 18, 17) 14, 10, 7, 10, 9)
c(dgslH,)  (26,23,21,15,16, 11, ¢(d\olH,) (39, 36, 34, 28, 29, 24,
1,9, 14, 19, 18) 18,14, 9,4, 1)
c(dgolH,)  (27,24,22,16,17,12, ¢(d\o1H,) (38, 35, 33, 27, 28, 23,
0, 10, 15, 20, 19) 17,13, 8, 3,2)
c(dolH,) (27,24,22,16,17, 12, ¢(dyglH,) (39, 36, 34, 28, 29, 24,
4,10, 15, 20, 19) 18, 14,9, 2, 3)
¢(dnlH,)  (25,22,20, 14,15, 10, ¢(d\wlH,) (40, 37, 35, 29, 30, 25,
4,6, 11, 16, 15) 19, 15,10, 1, 4)
¢c(dyH,) (26,23,21,15,16, 11, ¢(d,olH,) (41, 38, 36, 30, 31, 26,
5, 5, 10, 15, 14) 20, 16, 11, 2, )
s(dH,)  (27,24,22,16,17,12, ¢(diyilH,) (41, 38, 36, 30, 31, 26,
6, 4,9, 14, 13) 20, 16, 11, 0, S)
¢c(dyH,) (28,25,23,17,18,13, ¢(d,,JH,) (40, 37, 35, 29, 30, 25,
7,3, 8,13, 12) 19, 15, 10, 5, 0)
c(dlH,) (29, 26,24, 18,19, 14, ¢(d,5lH,) (40, 37, 35, 29, 30, 25,
8,2,9 14, 13) 19, 15, 10, 5, 2)
¢(dgH,)  (30,27,25,19,20,15, ¢(dJH,) (41, 38, 36, 30, 31, 26,
9, 1, 10, 15, 14) 20, 16, 11, 6, 3)
¢(d-H,) (31,28, 26,20,21,16, ¢(d;sH,) (42,39, 37, 31, 32, 27,
10, 0, 11, 16, 15) 21,17, 12, 7, 4)
¢c(dglH,) (31,28, 26,20,21,16, ¢(d¢H,) (39, 36, 34, 28, 29, 24,

10, 2, 11, 16, 15) 18, 14,9, 6, 3)

In a similar way, two vertices from the set {m,3, m,,, m;},
two from the set {m,q, mgo, mg; }, and two from {my,, mgs, mge}
must be included in the set H,. From the above discussion, it
follows that dim(Sgs) > 12. Thus, H, is a metric basis for Sg.

This completes the proof of the theorem.

Corollary 1. The independent resolving number of Sy is 12.

4. METRIC BASIS AND METRIC DIMENSION OF A,

In this section, we start by discussing the structure of A; 5. We
investigate some of its fundamental properties and determine
its metric dimension.

4.1. Molecular Graph of Graph of A;;¢. The structure of
Ay is very complex as it consists of 116 atoms except
hydrogen atoms and 123 bonds except the bonds between
hydrogen and other atoms. The molecular graph of A4
consists of 116 vertices and 123 edges, as shown in Figure S.
It contains eight 6-cycles. The pink-colored vertices in Figure 5
represent those vertices that are involved in the resolving set of
Aie

Theorem 2. The metric dimension of A is 11, ie,
dim(A,¢) = 11.

Proof: Let H, = {d,, d\\, dyy, ds4, dso, dsy, deo, d77, dos, diny,
and d,,} be a subset of vertices of A;;4. We will show that H, is
a resolving set for A} ¢ and has the smallest cardinality, i.e, H,
serves as a metric basis for A, .

The metric codes for each vertex in A, 4 are given in Tables
2 and 3

From Tables 2 and 3, it is clear that H, is a resolving set and
it follows that dim(A;;5) < 11. Now, it only remains to show
that dim(A;4) > 11.

If none of the vertices among {d,, d;} is not involved in the
resolving set, H,, then the metric codes for two different
vertices become identical. So, one among the vertices in the set
{d,, d;} must be included in H,. Similarly, one among the
vertices {d;, d;s} must be included in H,. Similarly, one vertex
from the set {d,;, d,3} must be included in H,.

If none of the vertices among {d,,, d;s} is not involved in the
resolving set, H,, then the metric codes for two different
vertices become identical. So, one among the vertices {d54, dss}
must be included in H,. Similarly, one among the vertices {d,,,
d,} must be included in H,.

In a similar way, one vertex from each of the sets, {ds, ds;},

{d691 d70}; {d771 d78}; {d92; d93}; {duo; dm}; and {duz; dus}
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Table 4. Minimum Resolving Sets for A;,4

no. of vertices
representing oxygen

no. of vertices
representing carbon

resolving set atoms atoms
A= {dv dyy, dag, d35) d407 dsu 10 1
d69) d78; d93r dllo; 113
Ay = {dy dyy, dag, d35; dyoy dsu 9 2
d69) d78; 93 “1100 #113
Ay ={d;, dis5, dyg, dss, dyg, dsy, 8 3
691 d781 93 Y1100 #113
Ay ={d;, di5, dyy, dss, dyg, dsy, 7 4
69 ¥78) Y93y Y1100 “113
As = {d3: dys, dyy, dss) dso, dsy, 6 S
d691 d78! d937 1100 ¥113
As={dy, dy5, dyy, dis, ds, dso, ] 6
69 978 G93) G110/ 113?
A; = {dSI dys, dyy, dss) dso, dsoy 4 7
700 478 o3y Gr100 G113
Ag = {dSI dys, dy;, dss) dso, dsoy 3 8
dzo dy7, doy, direr di3
Ay = {de dys, dy;, dss) dso, dsor 2 9
dzo dy7, do, d11o i3
Ay = {d3, dlSr dz7; d35) d39; 1 10
dso, droy drzy doy diyyy dis}
Ay = {dy, dis, dy, dss, da, 0 11

dSOJ d70) d77! d927 dllll dllZ}

must be included in the set H,. From the above discussion, it
follows that dim(A;,¢) > 11. Thus, H, is a metric basis for A, ¢
and dim(A, ;) = 11. This completes the proof of the theorem.

Corollary 2. The independent resolving number of A, is
11.

5. COMPARISON BETWEEN MINIMUM RESOLVING
SETS OF Sz AND A,

The minimal resolving sets for Sgs and A, ¢ are R; = {m,g, myg,
My, Mg, My, Mgy My, Mgs, Mgo, Mgy, Mgy, Mgs} and Ry = {d;,
dis) dyyy das, dso, dsoy droy d7y doyy di1yy dina)}, respectively. The
vertices Mg, tyg, M3y, Mag, Mys, My, Mgz, Mgs, Mgg, Mgy, Mgy,
and mgs in R, represent the oxygen atoms in the chemical
structure of Sgq. The vertices ds, dys, dyr, dss, dao, dso, drg, dory
dgy, diyy, and djj, in R, represent the oxygen atoms in the
chemical structure of A;;4. There are some common functional
groups in the chemical structures of suramin and acemannan.
The metric dimension of Sgq is 12 and that of A4 is 11, but
despite bearing different metric dimensions, there are 11
vertices in each of the minimum resolving sets R; and R,,
which represent the oxygen atom. There are other resolving
sets for Sg but in each minimum resolving set for Sg, each
vertex will represent an oxygen atom in the chemical structure
of suramin.

Also, there are other minimum resolving sets for A, 4 in
which each vertex represents either a carbon atom or an
oxygen atom, as shown in Table 4.

The sets A}, Ay, Ay, Ay As, A Agy Ag Ay, Ay, and Ay in
Table 4 are the different minimum resolving sets for A, ¢, each
having a different number of vertices representing carbon
atoms and oxygen atoms in the chemical structure of A,
From Table 4, it can be seen that the minimum resolving set R,
has 11 vertices, which represent 11 oxygen atoms. So, the
minimum resolving sets R; and R, for Sg and A,
respectively, have 11 vertices, which represent oxygen atoms
in their chemical structures. This common pattern in Sgg and
A may help in pharmaceutical research for the formation of a

new drug, which may be used instead of using Sgs and A4
separately.

6. CONCLUSIONS

Medicine or medication is a drug taken to cure or alleviate any
symptoms of an illness or medical condition. The need for
advancement of any medicinal drug has always been a key
component in human history. In this work, we consider two
essential drugs and investigate some of their molecular
characteristics. This investigation examines the metric basis
as well as the respective dimensions of the two famous drugs,
viz., Sgs and A;js. We have shown for these two drugs that
dim(Sg) = 12 and dim(A,;) = 11. The resolving set for both
of the structures is independent and has also been shown in
this article. It may help the chemists find a common pattern
shared by different drugs and utilize it in research related to
medicines. In the future, we will discuss various other recently
introduced variations of metric dimensions (such as edge-
metric dimension, local metric dimension, partition dimension,
MMD, etc.) for these two globally significant drugs, viz., Sg
and A6

B AUTHOR INFORMATION

Corresponding Author
Vijay Kumar Bhat — School of Mathematics, Shri Mata
Vaishno Devi University, Katra 182320 Jammu and
Kashmir, India; ©® orcid.org/0000-0001-8423-9067;
Email: vijay.bhat9914@gmail.com

Authors
Malkesh Singh — School of Mathematics, Shri Mata Vaishno
Devi University, Katra 182320 Jammu and Kashmir, India
Sunny Kumar Sharma — Department of Mathematics,
Manipal Institute of Technology Bengaluru, Manipal
Academy of Higher Education, Manipal 5§76104 Karnataka,
India

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.3c06306

Author Contributions

The inception and proposal of the concept were attributed to
Malkesh Singh, who undertook a thorough examination of the
validity of the results, as verified by V.K. Bhat and S.K. Sharma.
A comprehensive survey of the existing literature has been
conducted by Malkesh Singh and S.K. Sharma. The figures,
tables, alignment, data adjustment, and all calculations were
executed by Malkesh Singh and S.K. Sharma, under the
guidance of V.K. Bhat. The final version of the draft was
subjected to a comprehensive process of review and editing,
involving the active participation of all the authors.

Funding

M.S. received funds from SMVDU vide grant/award number:
SMVDU/R&D/21/5121-5125 for this research.

Notes

The authors declare no competing financial interest.

The conclusions of this study were not supported by the use of
any data or software, and no new data or software have been
created.

B ACKNOWLEDGMENTS

The authors wish to extend their heartfelt appreciation to the
referees for their meticulous examination of this manuscript

https://doi.org/10.1021/acsomega.3c06306
ACS Omega 2023, 8, 39865—39872


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Vijay+Kumar+Bhat"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-8423-9067
mailto:vijay.bhat9914@gmail.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Malkesh+Singh"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sunny+Kumar+Sharma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06306?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c06306?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

and for their valuable comments and criticisms, which have
greatly contributed to the current form of the manuscript.

B REFERENCES

(1) Trinajstic, N. Chemical Graph Theory, 2ed.; Routledge & CRC
Press: FL, 2018.

(2) Zhang, X; Rauf, A.; Ishtiag, M.; Siddiqui, M. K.; Muhammad, M.
H. On Degree Based Topological Properties of Two Carbon
Nanotubes. Polycyclic Aromat. Compd. 2022, 42 (3), 866—884.

(3) Slater, P. J. Leaves of trees. Proceeding of the 6th Southeastern
Conference on Combinatorics, Graph Theory, and Computing, Congressus
Numerantium: Netherlands, 1975; Vol. 14, pp 549—559.

(4) Harary, F.; Melter, R. A. On the metric dimension of a graph.
Ars. Combinatoria 1976, 2, 191—193.

(5) Erdos, P.; Harary, F.; Tutte, W. T. On the Dimension of a
Graph. Mathematika 1965, 12 (2), 118—122.

(6) Caceres, J.; Hernando, C.; Mora, M.; Pelayo, I. M.; Puertas, M.
L.; Seara, C.; Wood, D. R. On the Metric Dimension of Cartesian
Products of Graphs. SIAM J. Discrete Math. 2007, 21 (2), 423—441.

(7) Chartrand, G.; Eroh, L.; Johnson, M. A,; Oellermann, O. R.
Resolvability in graphs and the metric dimension of a graph. Discrete
Appl. Math. 2000, 105, 99—113.

(8) Melter, R. A; Tomescu, I. Metric bases in digital geometry.
Comput. graph. image process 1984, 25, 113—121.

(9) Khuller, S.; Raghavachari, B.; Rosenfeld, A. Landmarks in graphs.
Discrete Appl. Math. 1996, 70 (3), 217—229.

(10) Li, Y.; Xu, F; Zheng, M,; Xi, X; Cui, X; Han, C. Maca
polysaccharides: A review of compositions, isolation, therapeutics and
prospects. Int. J. Biol. Macromol. 2018, 111, 894—902.

(11) Luiz, C.; Da Rocha Neto, A. C.; Franco, P. O.; Di Piero, R. M.
Emulsions of essential oils and aloe polysaccharides: Antimicrobial
activity and resistance inducer potential against Xanthomonas
fragariae. Trop. Plant Pathol. 2017, 42, 370—381.

(12) Nazeam, J. A; Gad, H. A; Esmat, A; El-Hefnawy, H. M,;
Singab, A. N. B. Aloe arborescens Polysaccharides: In Vitro
Immunomodulation and Potential Cytotoxic Activity. J. Med. Food
2017, 20, 491-501.

(13) Chen, G.; Yuan, Q; Saeeduddin, M.; Ou, S.; Zeng, X; Ye, H.
Recent advances in tea polysaccharides: Extraction, purification,
physicochemical characterization and bioactivities. Carbohydr. Polym.
2016, 153, 663—678.

(14) Liu, C.; Cui, Y.; Pi, F.; Cheng, Y.; Guo, Y.; Qian, H. Extraction,
purification, structural characteristics, biological activities and
pharmacological applications of acemannan, a polysaccharide from
aloe vera: A review. Molecules 2019, 24 (8), 1554.

(15) Kumar, S.; Kumar, R. Role of acemannan O-acetyl group in
murine radioprotection. Carbohydr. Polym. 2019, 207, 460—470.

(16) Talmadge, J.; Chavez, J.; Jacobs, L.; Munger, C.; Chinnah, T.;
Chow, J. T.; Williamson, D.; Yates, K. Fractionation of Aloe vera L.
inner gel, purification and molecular profiling of activity. Int.
Immunopharmacol. 2004, 4, 1757—1773.

(17) Brun, R; Blum, J; Chappuis, F.; Burri, C. Human African
trypanosomiasis. Lancet 2010, 375, 148—159.

(18) Burri, C.; Chappuis, F.; Brun, R, Human African
trypanosomiasis. In Manson’s tropical diseases, 23rd ed.; Farrar, J.;
P, J Hotez, Junghanss, T.; Kang, G.; Lalloo, D.; White, N., Eds;
Saunders, Ltd.: Philadelphia, PA, 2014; pp 606—691.

(19) Giordani, F.; Morrison, L. J.; Rowan, T. G.; de Koning, H. P,;
Barrett, M. P. The animal trypanosomiases and their chemotherapy: a
review. Parasitology 2016, 143, 1862—1889.

(20) Chen, Y.; Maguire, T.; Hileman, R. E.; Fromm, J. R; Esko, J.
D.; Linhardt, R. J.; Marks, R. M. Dengue virus infectivity depends on
envelope protein binding to target cell heparan sulfate. Nat. Med.
1997, 3, 866—871.

(21) Albulescu, 1. C.; van Hoolwerff, M.; Wolters, L. A.; Bottaro, E.;
Nastruzzi, C; Yang, S. C,; Tsay, S. C.; Hwu, J. R;; Snijder, E. J; van
Hemert, M. ]. Suramin inhibits chikungunya virus replication through
multiple mechanisms. Antiviral Res. 2015, 121, 39—46.

39872

(22) Ho, Y.J.; Wang, Y. M;; Ly, J.; Wy, T. Y,; Lin, L. L; Kuo, S. C,;
Lin, C. C. Suramin inhibits chikungunya virus entry and transmission.
PLoS One 20185, 10, No. e0133511.

(23) Djeraba, A.; Quere, P. In vivo macrophage activation in
chickens with Acemannan, a complex carbohydrate extracted from
Aloe vera. Int. J. Immunopharmacol. 2000, 22, 365—372.

(24) Bhalang, K.; Thunyakitpisal, P.; Rungsirisatean, N. Acemannan,
a polysaccharide extracted from aloe vera, is Effective in the treatment
of oral aphthous ulceration. J. Altern. Complementary Med. 2013, 19,
429—434.

(25) Eshun, K.; He, Q. Aloe vera: A valuable ingredient for the food,
pharmaceutical and cosmetic industries—A review. Crit. Rev. Food Sci.
Nutr. 2004, 44, 91—96.

(26) Boonyagul, S.; Banlunara, W.; Sangvanich, P.; Thunyakitpisal,
P. Effect of acemannan, an extracted polysaccharide from Aloe vera,
on BMSCs proliferation, differentiation, extracellular matrix synthesis,
mineralization, and bone formation in a tooth extraction model.
Odontology 2014, 102, 310—317.

(27) Chvatal, V. Mastermind. Combinatorica 1983, 3 (3—4), 325—
329.

(28) Erdos, P.; Rényi, A. On two problems of information theory.
Magyar Tud. Akad. Mat. Kutato Int. Kozl. 1963, 8, 229—243.

(29) Sebo, A.; Tannier, E. On Metric Generators of Graphs. Math.
Oper. Res. 2004, 29 (2), 383—393.

(30) Kelenc, A; Tratnik, N.; Yero, I. G. Uniquely identifying the
edges of a graph: the edge metric dimension. Discret. Appl. Math.
2018, 251, 204—220.

(31) Kelenc, A.; Kuziak, D.; Taranenko, A.; G Yero, I. Mixed metric
dimension of graphs. Appl. Math. Comput. 2017, 314, 429—438.

(32) Koam, A. N.; Ahmad, A. Barycentric subdivision of Cayley
graphs with constant edge metric dimension. IEEE Access 2020, 8,
80624—80628.

(33) Ahsan, M.; Zahid, Z.; Zafar, S.; Rafig, A.; Sarwar Sindhu, M;
Umar, M. Computing the edge metric dimension of convex polytopes
related graphs. J. Math. Comput. Sci. 2021, 22, 174—188.

(34) Sharma, S. K.; Bhat, V. K. Metric dimension of heptagonal
circular ladder. Discrete Math. Algorithms Appl. 2021, 13 (01),
2050095S.

(35) Xing, B. H.; Sharma, S. K.; Bhat, V. K.; Raza, H,; Liu, J. B. The
vertex edge resolvability of some wheel-related graphs. J. Math. 2021,
2021, 1-16.

(36) Hussain, Z.; Munir, M.; Ahmad, A.; Chaudhary, M.; Alam
Khan, J; Ahmed, I. Metric basis and metric dimension of 1-
pentagonal carbon nanocone networks. Sci. Rep. 2020, 10 (1), 19687.

(37) Siddiqui, H. M. A; Imran, M. Computing the metric and
partition dimension of H-Naphtalenic and VCSC7 nanotubes. J.
Optoelectron. Adv. Mater. 2015, 7 (5), 790—794.

(38) Sharma, S. K; Raza, H.; Bhat, V. K. Computing edge metric
dimension of one-pentagonal carbon nanocone. Front. Physiol. 2021,
9, 600.

(39) Simonraj, F.; George, A. On the metric dimension of silicate
stars. ARPN J. Eng. Appl. Sci. 2015, S, 2187—2192.

(40) Chartrand, G.; Saenpholphat, V.; Zhang, P. The independent
resolving number of a graph. Math. Bohem. 2003, 128, 379—393.

https://doi.org/10.1021/acsomega.3c06306
ACS Omega 2023, 8, 39865—39872


https://doi.org/10.1080/10406638.2020.1753221
https://doi.org/10.1080/10406638.2020.1753221
https://doi.org/10.1112/S0025579300005222
https://doi.org/10.1112/S0025579300005222
https://doi.org/10.1137/050641867
https://doi.org/10.1137/050641867
https://doi.org/10.1016/S0166-218X(00)00198-0
https://doi.org/10.1016/0734-189X(84)90051-3
https://doi.org/10.1016/0166-218X(95)00106-2
https://doi.org/10.1016/j.ijbiomac.2018.01.059
https://doi.org/10.1016/j.ijbiomac.2018.01.059
https://doi.org/10.1016/j.ijbiomac.2018.01.059
https://doi.org/10.1007/s40858-017-0153-5
https://doi.org/10.1007/s40858-017-0153-5
https://doi.org/10.1007/s40858-017-0153-5
https://doi.org/10.1089/jmf.2016.0148
https://doi.org/10.1089/jmf.2016.0148
https://doi.org/10.1016/j.carbpol.2016.08.022
https://doi.org/10.1016/j.carbpol.2016.08.022
https://doi.org/10.3390/molecules24081554
https://doi.org/10.3390/molecules24081554
https://doi.org/10.3390/molecules24081554
https://doi.org/10.3390/molecules24081554
https://doi.org/10.1016/j.carbpol.2018.12.003
https://doi.org/10.1016/j.carbpol.2018.12.003
https://doi.org/10.1016/j.intimp.2004.07.013
https://doi.org/10.1016/j.intimp.2004.07.013
https://doi.org/10.1016/S0140-6736(09)60829-1
https://doi.org/10.1016/S0140-6736(09)60829-1
https://doi.org/10.1017/S0031182016001268
https://doi.org/10.1017/S0031182016001268
https://doi.org/10.1038/nm0897-866
https://doi.org/10.1038/nm0897-866
https://doi.org/10.1016/j.antiviral.2015.06.013
https://doi.org/10.1016/j.antiviral.2015.06.013
https://doi.org/10.1371/journal.pone.0133511
https://doi.org/10.1016/S0192-0561(99)00091-0
https://doi.org/10.1016/S0192-0561(99)00091-0
https://doi.org/10.1016/S0192-0561(99)00091-0
https://doi.org/10.1089/acm.2012.0164
https://doi.org/10.1089/acm.2012.0164
https://doi.org/10.1089/acm.2012.0164
https://doi.org/10.1080/10408690490424694
https://doi.org/10.1080/10408690490424694
https://doi.org/10.1007/s10266-012-0101-2
https://doi.org/10.1007/s10266-012-0101-2
https://doi.org/10.1007/s10266-012-0101-2
https://doi.org/10.1007/BF02579188
https://doi.org/10.1287/moor.1030.0070
https://doi.org/10.1016/j.dam.2018.05.052
https://doi.org/10.1016/j.dam.2018.05.052
https://doi.org/10.1016/j.amc.2017.07.027
https://doi.org/10.1016/j.amc.2017.07.027
https://doi.org/10.1109/ACCESS.2020.2990109
https://doi.org/10.1109/ACCESS.2020.2990109
https://doi.org/10.22436/jmcs.022.02.08
https://doi.org/10.22436/jmcs.022.02.08
https://doi.org/10.1142/S1793830920500950
https://doi.org/10.1142/S1793830920500950
https://doi.org/10.1155/2021/1859714
https://doi.org/10.1155/2021/1859714
https://doi.org/10.1038/s41598-020-76516-1
https://doi.org/10.1038/s41598-020-76516-1
https://doi.org/10.3389/fphy.2021.749166
https://doi.org/10.3389/fphy.2021.749166
https://doi.org/10.21136/MB.2003.134003
https://doi.org/10.21136/MB.2003.134003
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c06306?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

