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About the Book

Pharmaceutical sciences include broad range of multidisciplinary subject seeking to foster
the integration of areas of knowledge that focus on all facet of drug and therapies.
Pharmaceutical sciences ranges from identification and control of organism causing disease,
design of drug, formulation, clinical trial, metabolism, quality control and audit of drugs,
manufacturing, p]ant—based source of medicines, food sciences, pub]ic, to environmental
health for improving the quality of human life.

The Chapter of the compiled edited book contains advanced knowledge and the updated
research outcomes to update the readers. It touched on addressing the recent advancement
of pharmaceutical sciences through the different approaches with the aim for the
betterment of society and health of well-being. Additionally, its multidisciplinary nature in
pharmaceutical sciences contributes valuably to other research areas like medical, biological,
and chemical sciences.

The edited book aims to bring authors to one platform with the different subjects of
Pharmaceutical sciences and share their knowledge for further research.

We hope that this book may interest a broad readership for upgrading and acquiring the
latest information for the extension of the study.

Its continuous volume will come one by one to share more information and knowledge on

recent advancements in pharmaceutical science.
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ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY OF CRUCIFEROUS
VEGETABLES - CAULIFLOWER, BROCCOLI

*S. Sundarl, A. Jayarami Reddy?, A. Bhavana3, K. Surya Neeraja Nagalla 4, D.
Prasanna®
12,34 Department of Pharmacology, Vijaya Institute of Pharmaceutical
Sciences for Women, Vijayawada, Andhra Pradesh, India,
SDepartment of Pharmaceutical Chemistry, Vijaya Institute of Pharmaceutical
Sciences for Women, Vijayawada, Andhra Pradesh, India

Abstract

This work aims to analyze the antibacterial and antifungal activities of cruciferous vegetables
such as cauliflower and broccoli. Cruciferous vegetables act as a good source of natural
antioxidants due to their high levels of carotenoids, tocopherols, and ascorbic acid. In this study,
two cruciferous vegetables, such as cauliflower and broccoli, were selected for anti-bacterial and
anti-fungal studies. The stems, flowers of cauliflower, and broccoli were extracted with 125 ml of
ethanol and water by Soxhlet’s apparatus for 6 hrs. Mueller Hinton agar and Sabouraud’s dextrose
agar medium were used for anti-bacterial and anti-fungal activity respectively. The antibacterial
and antifungal activities of each cauliflower, broccoli stem, and flower extract were determined
using a modified Kirby Bauer disc diffusion method. Standard antibiotics, gentamicin (25 pg/ml)
and fluconazole (25 pg/ml) served as positive controls for antibacterial and antifungal activity,
respectively. Broccoli stem (100 ug/ml) ethanol extract produced higher antibacterial activity (13
mm) against E. coli. Cauliflower, flower (100 pg/ml) ethanol extract produced higher antibacterial
activity (13 mm) against S. aureus. Broccoli flower (100 pg/ml) ethanol extract produced higher
antifungal activity (14 mm) against candida albicans. According to the results obtained from this
project, broccoli stems and flower ethanol extracts show very good antibacterial activity against
gram-negative microorganisms such as E. coli and P. aeruginosa. Similarly, cauliflower, flower
ethanol extract shows excellent antibacterial activity against gram-positive microorganisms such
as B. subtilis and S. aureus. Further analysis is recommended for the identification of active
constituents responsible for these activities.

Keywords: Cruciferous vegetables, Anti-bacterial, Anti-fungal, Agar disc diffusion.

Introduction

The popularity and consumption of vegetables from Brassica species are increasing
because of their nutritional value. Brassica crops are used to reduce the risk of chronic diseases,
including cancer and cardiovascular diseases. Brassica foods provide nutrients and health-
promoting phytochemicals such as minerals, vitamins, carotenoids, soluble sugars, fiber, phenolic
compounds, and glucosinolates [5]. Brassicaceae family vegetables are important sources of
phenolic compounds in the human diet. They also contain derivatives of hydroxycinnamic, caffeic,
chlorogenic, and ferulic acids, as well as flavonols (kaempferol derivatives, and quercetin
derivatives) and anthocyanins (red cabbage) [6, 7].

Cruciferous vegetables such as cauliflower, broccoli, cabbage, mustard, Chinese cabbage, carrot,
Chinese kale, and turnip are edible plants that are low in calories, high in fiber, rich in vitamins and
minerals, and have physiologic effects on humans [8]. Some important enzymes such as chitinase,
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glutathione transferase, and epoxide hydrolase are also found in cruciferous vegetables [9, 10].
Indole and isothiocyanate, enzymatic products of myrosinase from glucosinolate found in
cauliflower and cabbage, lower the incidence of tumor formation and have an antioxidative effect
[11].

Broccoli is the richest source of different minerals, vitamins, and fiber. Broccoli contains potent
antioxidants that support healthy cells and tissues in our body. Broccoli contains multiple active
constituents that are responsible for an anti-inflammatory effect in animals. Multiple studies have
shown that broccoli may have a cancer-preventive effect. Intake of broccoli may decrease blood
sugar levels and control diabetes. This is due to its antioxidant and fiber content. Broccoli may help
to reduce risk factors for various heart diseases and is used to prevent heart tissue damage.
Broccoli contains Vitamin C, which is used to support a healthy immune response.

Materials and Methods
Materials

Plant Materials
The stems and flowers of cauliflower and broccoli used in this work were purchased in and
around Vijayawada.

The Common Pathogenic Microorganisms

The common pathogenic six microorganisms were used in this study, among these, two gram-
negative microorganisms, namely Escherichia coli (NCIM 2256), Pseudomonas aeruginosa (NCIM
2037), and two gram-positive microorganisms, namely Bacillus subtilis (NCIM 2710) and
Staphylococcus aureus (NCIM 2794). All the tested strains were collected from the National
Collection of Industrial Microorganisms (NCIM). Two other fungal organisms were also used in this
study, namely Aspergillus niger (ATCC 6275) and Candida albicans (ATCC 2091).

Instruments

The instruments used for this work are the Soxhlet apparatus, incubator (37 °C), refrigerator (4
°C to 18 °C), laminar airflow system, autoclave, hot air oven, precision electronic balance, grinder,
micropipette (100 to 1000 pl), Bunsen burner, matches, and inoculating loop.

Chemicals

The chemicals used for this work are ethanol (research lab fine chemical industrial), dimethyl
sulfoxide (research lab fine chemical industrial), peptone, agar, sodium chloride, beef extract, and
Mueller Hinton agar.

Methods

Preparation of Plant Extraction

Freshly collected plant materials, such as stems, flowers of cauliflower, and broccoli, were
thoroughly washed. The plant materials were dried independently in the shade, followed by
grinding them into a fine powder. The powdered plant materials of cauliflower and broccoli were
stored in airtight jars and refrigerated separately at 4 °C.
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Fig. 1: Powders of Cauliflower, Broccoli stem & flowers

15 gm of dry powdered cauliflower, broccoli stems and flowers were extracted with 125 ml of
ethanol by Soxhlet’s apparatus for 6 hrs. (or) till the plant material gets colorless. The leftover
solvent was removed using a rotary vacuum evaporator to produce a concentrated extract. The
same method was followed for the extraction of cauliflower and broccoli stems and flowers with
water too. A concentration (100 pg/ml) of cauliflower and broccoli solvent extracts was prepared
with Dimethyl Sulfoxide (DMSO).

Fig. 2: Extracts of Cauliflower, Broccoli stem & flowers

Screening for Antimicrobial Activity

Media for Bacterial Organisms

15.2 g of Mueller Hinton agar was added to 400 ml of sterile distilled water and autoclaved at 121
°C for 15 mins at 15 lbs, 0.1 g of dextrose was added to 10 ml of sterile distilled water and sterilized
for 15 mins. After cooling, the contents were mixed and poured into sterile Petri plates up to
approximately 4 mm and allowed to be set at ambient temperature and used.

Media for fungal organisms
The media used for the antifungal test was Sabouraud’s dextrose agar medium from Hi Media Pvt
Ltd., Bombay, India.

Preparation of Inoculum

To prepare bacterial inoculum, the pure culture of the test organism was inoculated into 5 ml of
sterile nutrient broth and incubated at 37 °C for 2 to 8 hrs. till moderate turbidity developed. The
inoculum was standardized by matching it with the 0.5 McFarland turbidity standard, which
corresponds to a cell density of approximately 108 CFU/ ml.

Antibacterial and antifungal activity by agar disc diffusion method

The antibacterial and antifungal activities of each cauliflower, broccoli stem, and flower extract
were determined using a modified Kirby Bauer disc diffusion method [12]. Broth cultures of test
bacterial and fungal organisms were spread on the Mueller Hinton Agar media and Sabouraud’s
medium in Petri plates under lab conditions. The extracts were tested using 5 mm sterilized filter
paper discs impregnated with 100 pg/ml of ethanol, and water extracts of cauliflower and broccoli.
After being allowed to dry for a few minutes at room temperature, plates were incubated at 37 2C
for about 24 hrs. for antibacterial activity and at 22 2C for 72 hrs. for antifungal activity.

Then, the zone of inhibition diameter was measured in mm, and the results were recorded. Discs
with 7 mm diameter are considered to be with no bacterial activity. Diameter between 7 and 12
mm was considered moderately active and those with more than 12 mm were considered as highly
active. For all solvent extractions using standard antibiotics, gentamicin (25 pg/ml) and fluconazole
(25 pg/ml) served as a positive control for antibacterial and antifungal activity, respectively.
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Results and Discussion

Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-negative microbes like E. coli by the disc diffusion method using gentamicin as a
standard drug. The zone of inhibition of water extracts at concentrations of 100 pg/ml was
measured in millimeters and is tabulated below in Table 1.

Table 1: Antimicrobial activity of Cruciferous vegetable water extract against E. coli

S.No Cauliflower Cauliflower Broccoli Broccoli Std
Flower Stem Flower Stem (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 8+0.2 10£0.4 9+0.3 12+0.8 21+0.7
(mm)

*Each value was expressed as mean + SEM, where n=3 in each group

Similarly, the antibacterial activity of cauliflower, broccoli parts like flowers, and seed extracts
was analyzed against gram-negative microbes like E. coli by the disc diffusion method using
gentamicin as a standard drug. The zone of inhibition of ethanol extracts at various concentrations
of 100 pg/ml was measured in millimeters and is tabulated below in Table 2.

Table 2: Antimicrobial activity of Cruciferous vegetable ethanol extract against E. coli

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 10+£0.4 12+0.6 12+0.7 13+0.9 21+0.6
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group

Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-negative microbes like P. aeruginosa by the disc diffusion method using gentamicin as
a standard drug. The zone of inhibition of water extracts at various concentrations of 100 pug/ml
was measured in millimeters and is tabulated below in Table 3

Table 3: Antimicrobial activity of Cruciferous vegetable water extract against
P. aeruginosa

S.No Cauliflower Cauliflower Broccoli Broccoli Stem  Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 12+0.3 10+0.7 10+0.6 11+0.9 20+0.5
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group

Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-negative microbes like P. aeruginosa by the disc diffusion method using gentamicin as
a standard drug. The zone of inhibition of ethanol extracts at various concentrations of 100 pg/ml
was measured in millimeters and is tabulated below in Table 4
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Table 4: Antimicrobial activity of Cruciferous vegetable ethanol extract against
P. aeruginosa

S.No Cauliflower Cauliflower Broccoli Broccoli Stem  Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 10£0.4 9+0.7 13+0.8 1210.6 20x0.6
(mm)

*Each value was expressed as mean + SEM, where n=3 in each group

Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-positive microbes like B. subtilis by the disc diffusion method using gentamicin as a
standard drug. The zone of inhibition of water extracts at various concentrations of 100 ug/ml was
measured in millimeters and is tabulated below in Table 5

Table 5: Antimicrobial activity of Cruciferous vegetable water extract against B. subtilis

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 9+0.2 8+0.7 9+0.6 10+0.5 22+0.3
(mm)

*Each value was expressed as mean + SEM, where n=3 in each group

Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-positive microbes like B. subtilis by the disc diffusion method using gentamicin as a
standard drug. The zone of inhibition of ethanol extracts at various concentrations of 100 pg/ml
was measured in millimeters is tabulated below in Table 6

Table 6: Antimicrobial activity of Cruciferous vegetable ethanol extract against B. subtilis

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 12+0.9 9+0.6 9+0.3 10+0.2 22+0.9
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group

Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-positive microbes like S. aureus by the disc diffusion method using gentamicin as a
standard drug. The zone of inhibition of water extracts at various concentrations of 100 pg/ml was
measured in millimeters and is tabulated below in Table 7

Table 7: Antimicrobial activity of Cruciferous vegetable water extract against S. aureus

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25pg/ml)
Zone of
inhibition 7+0.7 9+0.6 10£0.3 8+0.6 19+0.5
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group
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Anti-bacterial activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against gram-positive microbes like S. aureus by the disc diffusion method using gentamicin as a
standard drug. The zone of inhibition of ethanol extracts at various concentrations of 100 pug/ml
was measured in millimeters and is tabulated below in Table 8

Table 8: Antimicrobial activity of Cruciferous vegetable ethanol extract against S. aureus

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) (Gentamicin
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 pg/ml)
Zone of
inhibition 13+0.3 12+0.9 9+0.2 10+0.7 19+0.6
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group

Antifungal activity of cauliflower, broccoli parts like flowers, and seeds extracts was analyzed
against fungal microbes like Candida albicans by the disc diffusion method using fluconazole as a
standard drug. The zone of inhibition of water extracts at various concentrations of 100 pg/ml was
measured in millimeters and is tabulated below in Table 9

Table 9: Antimicrobial activity of Cruciferous vegetable water extract against Candida

albicans
S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) Fluconazole
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 (pg/ml)
Zone of
inhibition 9+0.4 10+0.7 8+0.5 10+0.4 20£0.6
(mm)

*Each value was expressed as mean *+ SEM, where n=3 in each group

Anti-fungal activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against fungal microbes like Candida albicans by the disc diffusion method using fluconazole as a
standard drug. The zone of inhibition of ethanol extracts at various concentrations of 100 ug/ml
was measured in millimeters and is tabulated below in Table 10

Table 10: Antimicrobial activity of Cruciferous vegetable ethanol extract against
Candida albicans

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) Fluconazole
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 (ug/ml)
Zone  of
inhibition 10+0.3 12+0.8 14+0.7 9+0.6 20+0.4
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group

Table 11: Antimicrobial activity of Cruciferous vegetable water extract against A. niger

S.No Cauliflower Cauliflower Broccoli Broccoli Stem Std
Flower Stem Flower (100 pg/ml) Fluconazole
(100 pg/ml) (100 pg/ml) (100 pg/ml) 25 (pg/ml)
Zone of
inhibition 8+ 0.7 10+£0.4 11+0.5 7+0.4 21+0.3
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group
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Anti-fungal activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against fungal microbes like A. niger by the disc diffusion method using fluconazole as a standard
drug. The zone of inhibition of water extracts at various concentrations of 100 ug/ml was measured
in millimeters and is tabulated below in Table 11

Anti-fungal activity of cauliflower, broccoli parts like flowers, and seed extracts was analyzed
against fungal microbes like A. niger by the disc diffusion method using fluconazole as a standard
drug. The zone of inhibition of ethanol extracts at various concentrations of 100 pg/ml was
measured in millimeters and is tabulated below in Table 12

Table 12: Antimicrobial activity of Cruciferous vegetable ethanol extract against A. niger

S.No Cauliflower Cauliflower Broccoli Broccoli Std
Flower Stem Flower Stem Fluconazole
(100 pg/ml) (100 pg/ml) (100 pg/ml) (100 25 (ng/ml)
pg/ml)
Zone of
inhibition 12+0.5 9+0.3 8+0.4 13+0.4 21+0.7
(mm)

*Each value was expressed as mean * SEM, where n=3 in each group

Broccoli stem (100 pg/ml) ethanol extract produced higher antibacterial activity (13 mm) against

E. coli. Cauliflower, flower (100 pug/ml) water extract produced higher antibacterial activity (12
mm) against P. aeruginosa, Broccoli flower (100 pg/ml) ethanol extract produced higher
antibacterial activity (13 mm) against P. aeruginosa.
Broccoli stem (100 pg/ml) water extract produced higher antibacterial activity (10 mm) against B.
subtilis, and cauliflower, flower (100 pg/ml) ethanol extract produced higher antibacterial activity
(12 mm) against B. subtilis. Broccoli flower (100 pg/ml) water extract produced higher
antibacterial activity (10 mm) against S. aureus. Cauliflower, flower (100 pg/ml) ethanol extract
produced higher antibacterial activity (13 mm) against S. aureus.

Cauliflower and broccoli stem (100 pg/ml) water extracts produced higher antifungal activity (10
mm) against candida albicans, and broccoli flower (100 pg/ml) ethanol extract produced higher
antifungal activity (14 mm) against candida albicans. Broccoli flower (100 pg/ml) water extract
produced higher antifungal activity (11 mm) against A. niger, broccoli stem (100 pg/ml) ethanol
extract produced higher antifungal activity (13 mm) against A. niger.

Conclusion

According to results obtained from this project, it is concluded that broccoli stems and flower
ethanol extracts show very good antibacterial activity against gram-negative microorganisms such
as E. coli and P. aeruginosa. Similarly, cauliflower, flower ethanol extract shows excellent
antibacterial activity against gram-positive microorganisms such as B. subtilis and, S. aureus.
Broccoli stem and broccoli flower ethanol extracts produced higher antifungal activity against
Candida albicans and A. niger, respectively.
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A®, Praashant C. Hanamshetty*
"Department of Post-Graduate Studies and Research in chemistry, Sahyadri
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Shivamogga-577203, Karnataka, India
3Department Chemistry, Govt. Arts and Science College (Autonomous),
Karwara, Karnataka, India
4Department of Chemistry, Guru Nanak First Grade College, Bidar-585401,
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Abstract

In the organic synthesis Multi-component reactions (MCRs) have offered many interesting and
challenging modifications. Reaction with three or more reactants combine in a one-pot to give a
single product is the Multi-component reaction. These reactions are emerging as powerful tool in
the synthesis of biologically active compounds. The synthesis of indoles is accomplished in high
yields from 2-(5-bromo-3-phenyl-1H-indole-2-carbonyl) hydrazinecarbothioamide 3 (0.01mol),
ethylacetoacetate 4 and Substituted indole aldehyde 5 and a catalytic amount of MK10 Clay was
added and mixed and was subjected to microwave irradiation. The synthesised compounds
exhibited very good antioxidant, antimicrobial and DNA cleavage activities.

Keywords: Indole, Multicomponent reaction, Antioxidant, DNA Cleavage, Antimicrobial agents.

Introduction

The concept of green chemistry have focused significant interest on multicomponent
reactions(MCR) in which at least three reactants react to produce single product which allows the
formation of several new bonds.In the organic synthesis Multi-component reactions (MCRs) have
offered many interesting and challenging modifications?. Reaction with three or more reactants
combine in a one-pot to give a single product is the Multi-component reaction[3]. These reactions
are emerging as powerful tool in the synthesis of biologically active compounds[4]. Microwave
technique helps to speed up the reactions, high efficiency of heating, reduction in side reaction, high
purity of the final product, simplicity in operation and environmentally benign[5]. The modern
technique used in the synthesis of organic compounds is the microwave assisted synthesis. This
technique has gained an importance as a valuable tool for accelerating drug discovery and
development processes. In a fraction of time small molecules can be built by using microwave
irradiation[6]. Heterocyclic chemistry is one of the most fascinating branch of organic chemistry
and heterocyclic compounds constitute a largest and most varied family of organic compounds.
Heterocyclic compounds offer a high degree of structural diversity and have proven to be broadly
and economically useful as therapeutic agents[7]. The existence and diversity of aromatic nitrogen-
containing heterocycleshave attracted many synthetic chemists its abundance in natural products
and medicinal chemistry continue to develop new methods for their synthesis[8]. It is well known
that the indole ring is a privileged structural scaffold, which has been found in a fascinating array of
numerous natural products, such as alkaloids, peptides and various synthetic compounds[9,10].
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The derivatives of indole were known for their dyeing properties. Many compounds having
structural resemblance to the ancient dye indigo are known. A large number of naturally occurring
compounds, like alkaloids, were found to possess indole nucleus. The recognition of the plant
growth hormone, heteroauxin[11] and the essential amino acid tryptophan[12]as derivatives of
indole have added stimulus to this research.

Indole or benzo[b]pyrrole is a planar heteroaromatic molecule in which the benzene ring is fused
to position -2 and -3 of the pyrrole ring. This nucleus has ten m-electrons which are free to circulate
throughout the molecule. Two of these electrons originate from nitrogen atom and each of the eight
carbon atoms contributes one electron to m-cloud. Since these ten electrons are distributed over
nine ring atoms, indole is an electron rich or m-excessive system. Since the ring nitrogen atom
contributes two electrons to the overall = system, it is a very weak base[13].The substituted indoles
are structural units of many natural and biologically interesting compounds, which possess various
pharmacological activities. The indole derivatives serve as scaffold in a number of antibacterial,
antifungal, antiviral and protein kinaseinhibitors[14].

Among the heterocyclic compounds, pyrimidines are one of the most important heterocycles
exhibiting remarkable pharmacological activities because it is an essential constituent of all cells
and thus of all living matter[15] pyrimidine derivatives have been reported as anti-microbial[16],
analgesic, antiviral, anti-inflammatory[17], anti- HIV[18], anti-tubercular[19], anti-tumor[20], anti-
neoplastic[21], anti-malarial[22], and hypnotic drugs for the nervous system[23] The continuous
search for novel agents which target pathological processes of human carcinogenesis has led to the
synthesis of small molecules which may modulate cell cycle[24]. Free radicals are highly reactive
chemical species contains one or more unpaired electrons. It alters the chemical reactivity of an
atom or molecule and is usually more reactive than the corresponding non-radical, because they act
as electron acceptors. This loss of electrons is called oxidation and free radicals are referred to as
oxidizing agents because they tend to cause other molecules to donate their electrons[25]. Some of
the free radicals include the hydroxyl radical (-OH), the superoxide radical (0%) and hydroperoxyl
radical (HO%). Antioxidants are compounds that prevent the oxidation of other molecules by
delaying the initiation or propagation of oxidizing reactions[26]. Antioxidants neutralize the
harmful free radicals in our bodies. Antioxidants act as “free radical scavengers”. Antioxidants
remove the free radicals and inhibit the oxidation[27]. Oxygen free radicals are referred to as
reactive oxygen species (ROS), are products of normal cellular metabolism[28]. ROS can damage to
cell structure that includes lipids and membranes, proteins and nucleic acids as termed oxidative
stress[29]. Oxidative damage/stress, associated with ROS is believed to be involved numerous
pathological  conditions such as diabetes, inflammation, aging, atherosclerosis,
carcinogenesis[30,31] and neurodegenerative[32] disorders like Parkinson's, Alzheimer's and
amyotrohic lateral sclerosis (ALS)[33]. These literature reviews provoked us for the synthesis of f
indole analogues, the development of simple, efficient and environmentally benign approaches for
the synthesis of indole derivatives is highly desirable.

Experimental

The precursors 3,5-disubstituted indol-2-carboxyhydrazide (1) were obtained from 3,5-
disubstituted indol-2-carboxylates[34] and 2,5-disubstituted indole-3-carboxaldehydes (5a-c)
were obtained from the Vilsmeier-Haack formylation reaction of 2,5-disubstituted indoles35.
2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazinecarbothioamide (3)

To a solution of 5-bromo-3-phenyl-indol-2-carboxyhydrazide 1 (0.01mol) in ethanol, ammonium
thiocyanate 2 (0.01mol) and few drops of hydrochloric acid is added to the reaction mixture. The
mixture was refluxed 5-6 hrs. The completion of the reaction was monitored by TLC. After the
completion, the reaction mixture was poured to a beaker containing 100mL of ice-cold water,
filtered, washed with water, dried. The crude product was crystallised from the suitable solvent.
Ethyl 1-(5-bromo-3-phenyl-1H-indole-2-carboxamido)-4-(5-chloro-2-phenyl-1H-indol-3-yl)-
6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (6a-c).

1. Conventional Method:
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To a solution of 2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazine carbothioamide 3
(0.01mol), ethylacetoacetate 4 (0.01mol) and Substituted indole aldehyde 5 (0.05mol) and a
catalytic amount of MK10 Clay is added the reaction mixture is refluxed for 6-8 hrs in ethanol as
solvent for the reaction. The completion of the reaction was monitored by TLC. After the
completion, the reaction mixture was poured to a beaker containing ice-cold water. The crude
products thus separated were filtered and crystallized from ethanol to yield titled compounds 6a-c.
The physical data of the synthesised compounds as represented in Table 1.

(2) Microwave Oven Method: A mixture of 2-(5-bromo-3-phenyl-1H-indole-2-
carbonyl)hydrazinecarbothioamide 3 (0.01mol), ethylacetoacetate 4 (0.01mol) and Substituted
indole aldehyde 5 (0.05mol) and a catalytic amount of MK10 Clay was added and mixed, introduced
to borosil sample crucible. This was subjected to microwave irradiation for 8-10 minutes with70%
microwave power. After the completion (TLC), reaction mixture was brought to room temperature,
washed with ethanol, and recrystalized to get the title compounds 6a-c.

Br Br
HCI
| N—CONHNH, + NHSCN ———» | N CONHNHCSNH,
N Reflux 5-6hr N
H 1 2 Ethanol H 3
Scheme-1

&,

Br.
| N CONHNHCSNH, + CH3COCH,COOCHs + RCHO
N
H 4 Sa-c
3
Mwi Reflux ethanol

8 -10 min| 6-8 hrs
MK,, CLAY

6a-cH3C

COOC,Hs

R=5-chloro-2-phenyl-1H-indole-3-carboxaldehyde
5-methyl-2-phenyl-1H-indole-3-carboxaldehyde
1H-indole-3-carbaldehyde

Scheme-2

Table1l: Physical data of the target compound 6a-c.

Compound m.p. (°C) Yield (%)
name Conventional Microwave method
method
6a 210-13 65 88
6b 265-67 60 85
6C 200-03 50 70
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Biological evaluation

Antimicrobial activity

All the novel indole analogueswere tested for in vitro antimicrobial activity against gram negative
bacteria Escherichia coli and Klebsiella pneumoniaeand gram-positive bacteria Staphylococcus
aureus and antifungal activity against Candida tropicalis and Candida albicans by applying cup plate
method34.Dilution process was adopted at 25 pug, 50 pg, and 100 pg/mL concentrations,
respectively. The activity is compared with reference drugs gentamycin for antibacterial and
fluconazole for antifungal activity. The zone of inhibition after 24 hr of incubation at 37°C in case of
antibacterial activity and 48 hr in case of antifungal activity was compared with that of standards.

Antioxidant Activity

Free radical scavenging activity

Free radical scavenging activity was done by DPPH method Singh et.al3¢. Different concentrations
(10png, 50ug and 100pg) of samples and butylated hydroxy anisole (BHA) were taken in different
test tubes. The volume was adjusted to 100pl by adding MeOH. Five milliliters of 0.1mM methanolic
solution of DPPH was added to these tubes and shaken vigorously. The tubes were allowed to stand
at 27°C for 20min. The control was prepared as above without samples. The absorbances of
samples were measured at 517nm. Radical scavenging activity was calculated using the following
formula:

% Radical scavenging activity = [(Control OD-Sample OD)/ (Control OD)] x100.
Total antioxidant capacity

Total antioxidant capacity was performed according to Mruthyunjayeet. al.3?. Various
concentrations of samples (10pg, 50pg and 100ug) were taken in a series of test tubes. To this,
1.9mL of reagent solution (0.6M sulfuric acid, 28mM sodium phosphate and 4mM ammonium
molybdate) was added. The tubes were incubated at 95°C for 90min and allowed to cool. The
absorbance of each aqueous solution was measured at 695nm against a blank. Antioxidant
capacities are expressed as equivalents of ascorbic acid. Ascorbic acid equivalents are calculated
using standard graph of ascorbic acid. The values are expressed as ascorbic acid equivalents in pg
per mg of samples.

Ferric reducing antioxidant power

Ferric reducing antioxidant power activity was carried out according to Barreira et.al.[38].
Various concentrations of samples (10pg, 50pg and 100pg) were mixed with 2.5mL of 200mm/L
sodium phosphate buffer (pH 6.6) and 2.5mL of 1% potassium ferricyanide. The mixture was
incubated at 50°C for 20min. Next, 2.5mL of 10% trichloroacetic acid (w/v) were added. From this
solution, 5mL was mixed with 5mL of distilled water and 1mL of 0.1% ferric chloride and
absorbance was measured spectrophotometrically at 700nm. BHA was used as standard.

DNA Cleavage Activity

Preparation of culture media

DNA cleavage experiments were done according to the literature3®. Nutrient broth
[peptone, 10; yeast extract, 5; NaCl, 10; in (g/1)] was used for culturing of Calf-thymus. Fifty-
milliliter media was prepared, autoclaved for 15min at 121°C under 15lb pressure. The autoclaved
media were inoculated for 24h at 37°C.

Isolation of DNA

The fresh bacterial culture (1.5mL) was centrifuged to obtain the pellet which was then dissolved
in 0.5mL of lysis buffer (100mM tris pH 8.0, 50mM EDTA, 10% SDS). To this 0.5mL of saturated
phenol was added and incubated at 55°C for 10min, then centrifuged at 10,000 rpm for 10min and
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to the supernatant, equal volume of chloroform: isoamyl alcohol (24:1) and 1/20th volume of 3M
sodium acetate (pH 4.8) was added. Centrifuging at 10,000 rpm for 10min and to the supernatant, 3
volumes of chilled absolute alcohol were added. The precipitated DNA was separated by
centrifugation and the pellet was dried and dissolved in TAE buffer (10mM tris pH 8.0, 1mM EDTA)
and stored in cold condition.

Agarose gel electrophoresis

Cleavage products were analyzed by agarose gel electrophoresis method38. Test samples (1
pg/mL) were prepared in DMF. The samples (50pg, 100ug) were added to the isolated DNA of Calf-
thymus. The samples were incubated for 2hr at 37°C and then 20mL of DNA sample (mixed with
bromophenol blue dye at 1:1 ratio) was loaded carefully into the electrophoresis chamber wells
along with standard DNA marker containing TAE buffer (4.84 g tris base, pH 8.0, 0.5M EDTA/1L)
and finally loaded on agarose gel and passed the constant 50V of electricity for 30min. Removing
the gel and stained with 10.0 mg/mL ethidium bromide for 10-15min, the bands were observed
under VilberLourmat Gel documentation system and then photographed to determine the extent of
DNA cleavage. The results are compared with standard DNA marker.

Results and discussion
Chemistry

The reaction of 5-bromo-3-phenyl-indol-2-carboxyhydrazide 1 (0.01mol), ammonium
thiocyanate 2 (0.01mol) and few drops of hydrochloric acid in ethanol to afford 2-(5-bromo-3-
phenyl-1H-indole-2-carbonyl)hydrazinecarbothioamide 3a (Scheme 1). The synthesis of ethyl 1-
(5-bromo-3-phenyl-1H-indole-2-carboxamido)-4-(5-chloro-2-phenyl-1H-indol-3-yl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate 6a-c is carried out by both conventional and
microwave method. In conventional method the reaction of 2-(5-bromo-3-phenyl-1H-indole-2-
carbonyl)hydrazinecarbothioamide 3 (0.01mol), ethylacetoacetate 4 (0.01mol) and Substituted
indole aldehyde 5 (0.05mol) and a catalytic amount of MK10 Clay is added and refluxed for 6-8 hrs
in ethanol to yield the titled compoun d 6a-c (Scheme 2). The same reaction is carried out by
microwave method by the reaction of 2-(5-bromo-3-phenyl-1H-indole-2-carbonyl) hydrazine
carbothioamide 3 (0.01mol), ethylacetoacetate 4 (0.01mol) and Substituted indole aldehyde 5
(0.05mol) and a catalytic amount of MK10 Clay are mixed and irradiated for 8-10 minutes with
70% microwave power to yield the titled compounds. The formation of products was monitored by
TLC. All the newly synthesized compounds were characterized by IR, 'HNMR and mass
spectroscopic techniques.

The IR spectrum of compound 6a showed a strong absorption at 3342 cm-!, 3295 cm-!
corresponding to two indole NH, absorption at 3195cm-!, and 3158cm-! corresponding to
pyrimidine NH and CONH, absorption at1738 cm-!corresponds to ester carbonyland absorption
at1728cm-tand 1603cm-}, corresponding to C=N and C=S respectively. The 1H NMR spectrum of 6a
has exhibited a singlet at § 12.66 ppm, 12.32 ppm due to two indole NH, singlet at § 8.46 ppm and §
8.43 ppm pyrimidine NH and CONH which are D0 exchangeable. A multiplet between §6.89-7.86
ppm corresponds to seventeen aromatic protons. A Quartet at §4.43 ppm is assigned for the CH;
protons, triplet at § 3.32 ppm corresponds to methyl protons and singlet at § 2.35 ppm assigned for
methyl protons. The mass spectrum of compound 6a has shown molecular ion peak at m/z 739
[M]*, 741[M+2], 743[M+4] which is corresponding to molecular weight of the compound. These
spectral data supports the formation of the titled compound 6a. Similarly, Other compounds in the
series were synthesized.

Biological Evaluation

Antimicrobial Activity
The synthesised compounds were screened for in vitro antibacterial activity against (Table 2)
gram-negative bacteria Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae)
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andgram-positive bacteria Staphylococcus aureus (S. aureus) at25 pg/mL, 50 pug/mL, and 100
ug/mL concentrations, respectively. Gentamycin was used as standard. The zone of inhibitions was
measured in mm for each concentration. Most of the screened compounds were found to have
significant antibacterial activity. Compounds 6a have shown very good activity against all the three
bacterial strains, remaining compounds have shown moderate to least active. Antifungal screening
of the compounds was carried out in vitro against two fungi strains Candida tropicalis and Candida
albicans at 25 pg/mL, 50 ug/mlL, and 100 ug/mL concentrations using fluconazole as standard.
Among the tested indole analogues the compounds exhibited moderate to significant antifungal
activity. The results of antifungal activity is shown in Table 3.

Table 2: Results of antibacterial activity of target compounds 6a-c.

Comp. No. Antibacterial Activity
S.aureus E. coli K. Pneumoniae
25 50 100 25 50 100 25 50 100
6a 15 18 19 14 16 20 19 19 20
6b 10 13 15 11 12 16 13 13 15
6¢C 07 08 11 05 05 06 05 06 06
Std. 18 20 23 17 19 22 21 23 23

Std. Gentamycine

Table 3: Results of antibacterial activity of target compounds 6a-c

Compound Antifungal activity
Name
C. tropicalis C. albicans
25 50 100 25 50 100
6a 16 18 20 16 17 20
6b 10 12 15 11 12 14
6c 06 06 08 07 08 09
Std. 16 20 22 18 18 21

Std. Fluconazole

Antioxidant Activity
o 100
W 80
<
= 60
o
o,
TE W
% 20 I
% 0 . [ | | . l
H]
= 6a 6b 6c BHA
-2 1
& Compound

El0pg mS0pg m100npg

Fig.1: Free radical scavenging activity of compounds 6a-c.
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Free Radical Scavenging Activity

The target compounds were screened for free radical scavenging activity by DPPH method. The
samples were prepared at concentrations of 10, 50, and 100 ug/100 uL and butylated hydroxy
anisole (BHA) was taken as standard. DPPH is a stable free radical in a methanolic solution. Because
of the unpaired electron of DPPH, it gives a strong absorption maxima at 517 nm in the visible
region (purple color). Among the compounds tested 6ahave shown very promising free radical
scavenging activity. The increased activity is due to the existence of halogen substitution at the five
positions of both indoles. Compounds 6b having methyl group at another indole ring have shown
moderate activity, whereas compounds 6c, have shown the least activity compared with the
standard. The bar graph representation of percentage of free radical scavenging activity is
displayed in Figure 1.

Total Antioxidant Capacity

The newly synthesized compounds were subjected to total antioxidant activity. Antioxidant
capacities are expressed as equivalents of ascorbic acid. Among the tested compounds 6a which are
halogen substituted at five position of both the indole have shown very strong total antioxidant
capacity. Compounds with methyl substitution at the fifth position of the indole ring and no
substitution at the second and fifth positions have shown the least total antioxidant capacity
compared with the standard. The results of total antioxidant activity are shown in Figure 2.

30
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v
o | [
6a 6b 6c BHA
Compounds

pg Equivalent to Ascorbic Acid

ml0opg m3opg 100ng

Fig.2: Total Antioxidant capacity of compounds 6a-c

Ferric Reducing Antioxidant Power Activity

The novel compounds were screened for ferric reducing antioxidant activity. Butylated hydroxy
anisole (BHA) was used as standard. Compounds 6bshown excellent ferric reducing antioxidant
activity and other analogues of indole have shown moderate to least active.The presence of methyl
group at the fifth position of the indole ring plays an important role as a better electron donorwhich
enhances reducing power activity of the compounds. The results are presented in Figure 3.
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Fig. 3: Ferric Reducing Antioxidant Power Activity of compounds 6a-c.
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DNA Cleavage Activity

All the novel compounds has been subjected to DNA Cleavage studies. The DNA cleavage activity
was determined using gel electrophoresis by Sambrook et.al3?. The pictures of the gels are
presented in Figure 4. Compounds 6a have shown highest activity at 50pg and 100 pg and
remaining compounds shown moderate activity at 50pg and 100 pgwhen compared to standard
DNA marker.

M C 6a 6a 6b 6b 6c 6c

Fig. 4: DNA cleavage activity of compounds 6a-c.
Conclusion

A one pot three component method is adopted for the synthesis of novel indolylpyrimidine
analogues and evaluated for antimicrobial, antioxidant and DNA Cleavage activities.All the
synthesised compounds were subjected for IR, THNMR and mass spectral studies. These spectral
data supports the formation of the synthesised compounds.

The novel compounds were screened for in vitro antibacterial activity againstEscherichia coli (E.
coli) and Klebsiella pneumoniae (K. pneumoniae) Staphylococcus aureus (S. aureus) at25 ug/mL, 50
ug/mlL, and 100 ug/mL concentrations and Gentamycin was used as standard. Most of the screened
compounds were shown significant antibacterial activity. Compounds 6a have shown very good
activity against all the three bacterial strains, remaining compounds have shown moderate to least
active. Antifungal screening of the compounds was carried out in vitro against two fungal strains
Candida tropicalis and Candida albicans at 25 ug/mL, 50 ug/mL, and 100 ug/mL concentrations
using fluconazole as standard. Among the tested indole analogues the compounds exhibited
moderate to significant antifungal activity against the two fungal strains.

In free radical scavenging, total antioxidant it was observed that compounds having halogen
substitution at five positions of both the indole ring is more active than other compounds.
Compound 6a have shown promising free radical scavenging and total antioxidant when compared
to the standard, the highest activity is due to the presence of halogen at five position of indole ring.
The remaining compounds have moderate to least active.

All the tested compounds have shown positive tendency towards the ferric reducing activity. The
presence of reducer (i.e., antioxidant) causes the reduction of the Fe+3/ferricyanide complex to the
Fe+2 form after the addition of trichloroacetic acid and ferric chloride. The reducing power of test
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compounds increases with increase in concentration. Compound 6b have shown excellent ferric
reducing activity, the increased activity is due to the presence of ‘CH3’ substitution at five positions
of indole.

The synthesised compounds have been undergone DNA cleavage studies. When the compound is
made to interact with DNA could induce the breakage of DNA strands. The gel electrophoresis
clearly reveal that, all the tested compounds did act on the DNA as little tailing in the bands can be
observed in treated samples. The difference was observed in bands of all the compounds compared
to the control DNA (C). This shows that the control DNA alone does not show any apparent cleavage
as the compounds did. With this, it can be concluded that the compounds inhibits the growth of the
pathogenic organism by cleaving the genome. Compounds 6a have shown highest DNA Cleavage
activity at both the concentrations and remaining compounds shown moderate activity when
compared to standard DNA marker. These preliminary results of antimicrobial, antioxidant and
DNA Cleavage screening of novel indole analogues will provide a great impact on medicinal
chemists for additional research in this field for search of potent antimicrobial, antioxidant and
DNA Cleavage agents. In the present study we have synthesized novel pyrimidine analogues
appended with indole moiety with the aim of exploring drug-like molecule. We have developed
simple, multicomponent reaction, short reaction time, environmentally benign method.
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Abstract

Objective: The objective of the present study was to develop sustained release biodegradable
polymeric nanoparticles of Rosuvastatin Calcium.

Methods: Nanoparticles were prepared by modified Ionotropic gelation method using 32 full
factorial designs. From the preliminary trials, the constraints for independent variables X1
(concentration. of Chitosan) and X2 (concentration. of Sodium Tripolyphosphate) have been fixed.
Factors included concentration of Chitosan and Sodium Tripolyphosphate, have been examined to
investigate effect on particle size, encapsulation efficiency, zeta potential, % release, scanning
electron microscopy , Fourier transfer infrared study and X-ray diffraction and release study of
Rosuvastatin Calcium nanoparticles.

Results: The prepared nanoparticles were white, free flowing and spherical in shape. The
infrared spectra showed stable character of Rosuvastatin Calcium in the drug-loaded
nanoparticles and revealed the absence of drug polymer interactions. The Chitosan nanoparticles
have a particle diameter ranging approximately 114.5+3.61 to 724+.2.51 nm and a zeta potential -
13.12 to -52.63 mV. The in vitro release behavior from all the drug loaded batches were found to
follow first order and provided sustained release over a period of 10 h. The release profiles of all
batches were very well fitted by Korsmeyer Peppas model.

Conclusion: The best-fit release kinetics was achieved with Korsmeyer Peppas model. The
release of Rosuvastatin Calcium was influenced by the drug to polymer ratio and particle size.
These results indicate that Rosuvastatin Calcium nanoparticles could be effective in sustaining
drug release for a prolonged period.

Keywords: Rosuvastatin Calcium, biodegradable, Particle size analysis, lonotropic gelation.

Introduction

One of the most attractive areas of research in drug delivery today is the design of
nanoparticulate systems that are able to deliver drugs to the right place, at appropriate times and at
the right dosage. Nanoparticulate delivery systems, are unit the reduction of drug particle to the
nano-scale, increases dissolution velocity and saturation solubility, have the potential power to
improve drug stability, increase the duration of the therapeutic effect and permit administration
through enteral or parenteral administration, which may prevent or reduces the drug degradation
and metabolism as well as cellular efflux. Therapeutic efficacy of a drug mainly depends upon the
bioavailability and ultimately upon the solubility of drug molecules. Solubility is one of the factors
to attain desired concentration of drug in systemic circulation for pharmacological response to be
shown.

Rosuvastatin Calcium is the one of the most effective antihyperlipidemic drug and is termed
"superstatin”. It reduces the low-density lipoprotein-C (LDL-C) by 63% after an administration of
40 mg dose [1, 2]. Rosuvastatin Calcium is a poorly water-soluble drug with a low oral
bioavailability i.e. 20%. It is classified by biopharmaceutical class Il drug. It is a poorly water-
soluble 3-hydroxy-3-methyl glutaryl CoA reductase inhibitor. Due to this enzyme catalyzes the
conversion of HMG-CoA to Mevalonate, which is an early and rate-limiting step in cholesterol
biosynthesis, a potent lipid lowering ingredient and used as a hyperlipidemic agent [3]. The poor
solubility of Rosuvastatin Calcium affects its dissolution rate and, in turn, its bioavailability. Thus,
enhancing the dissolution of Rosuvastatin Calcium can lead to improve its oral bioavailability.
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Accordingly, several nanosization approaches were adopted to improve Rosuvastatin Calcium
dissolution and bioavailability [4].

The conventional drug delivery system has been characterized by immediate drug release and
repeated doses of the drug which could result in the sudden of dose fluctuation [5]. The main aim of
designing nanoparticles as a drug delivery system is very important particle size, surface properties
and to deliver pharmacologically active agents at the right place, at the rational rate and dose [6, 7].
Therefore, it's important to introduce effective Methods to boost the solubility and dissolution rate
of the drug, substantially resulting in its enhanced oral bioavailability. Sustained release
formulations nanoparticles are reported to resolve these problems because of the alteration of its
tissue distribution, improving the drug efficacy, reducing the drug toxicity, and prolonging the half-
lives in blood [8, 9].

Chitosan (CH) is a natural cationic polysaccharide consisting of (1-4)-2-amino-2-deoxy-D-
glucopyranosyl units. It breaks down are slowing the harmless products (amino sugars), which are
completely absorbed by the human body [11, 12]. The degree of distillation and molecular weight
are the two fundamental parameters that can affect the properties and functionality of Chitosan.
These properties include solubility, viscosity, reactivity of proteinaceous material coagulation, and
heavy metal ion chelation and physical properties of films formulated using Chitosan such as tensile
strength, elasticity, elongation, and moisture absorption [10]. Chitosan has been used as a
nanoparticle material owing to its versatile biodegradability, biocompatibility, and a natural origin.
Biodegradable nanoparticulate systems have received considerable attention as potential drug
delivery vehicles [13].

The objective of the present study was to evaluate the possibility of Chitosan nanoparticles as
carriers for Rosuvastatin Calcium. The challenge was to entrap a hydrophobic molecule into
hydrophilic nanoparticle formed by the process of ionotropic gelation technique based on the
interaction between the negatively charged of the Sodium Tripolyphosphate (STPP) and the
positively charged amino groups of Chitosan. This ionotropic gelation process is due to the
formation of inter and intra cross-linkages between/within polymer chains, mediated by the poly
anions. The cationic nature of Chitosan has been conveniently exploited for the development of
particulate drug delivery systems. More recently, Chitosan NPs have been developed based on the
ionotropic gelation of Chitosan with Sodium Tripolyphosphate, for drug encapsulation [14].

Materials and Methods
Materials

Rosuvastatin Calcium was procured as gift sample from MSN Laboratories Pvt. Hyderabad.
Sodium Tripolyphosphate was purchased from sigma-Aldrich, Mumbai; Chitosan (high viscosity)
was purchased from Central Institute of Fisheries Cochin. All other reagents and chemicals used
were of analytical grade.

Experimental Methods
Preparation of Chitosan Nanoparticles

Chitosan nanoparticles containing Rosuvastatin Calcium were prepared by ionotropic gelation
method. Chitosan was dissolved in 1 % acetic acid solutions at various concentrations to obtain (0.1
%, 0.2 % & 0.3 % i.e. 35 mg, 65 mg & 90 mg) and adjusted the pH 5-6 with 0.1 N sodium hydroxide
solutions, while Sodium Tripolyphosphate was dissolved in deionized water at various
concentrations to obtain 0.1 %, 0.15 % and 0.20 % while stirring at 750 rpm. Rosuvastatin Calcium
50 mg was dissolved in ethanol/water mixture (1:1 v/v) (1 wt. % tween 80) to obtain clear
solution. Rosuvastatin Calcium solution was added drop wise during probe sonication with syringe
needle size 0.45 mm to 40 ml Chitosan solution. Repeat the sonication cycles for 1 h .The 20 ml of
Sodium Tripolyphosphate solution was added drop wise 0.75 ml/min. under stirring (1000 rpm) at
ambient temperature. The formulation was stirred for 30 minutes so as to remove ethanol content.
All the formulations were sonicated at fixed time for 30 minutes. All experiments were performed
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in triplicates. Nanoparticles were collected by centrifugation at 9000 rpm for a period of 1 h and
supernatant was analyzed using UV-Visible spectrophotometerically to determine encapsulation
efficiency. Pellet was redissolved for sonicated for 15 min. The sample was freeze dried at -40°C
and lyophilized to get dry powder using 2 % Mannitol as cryoprotectant [15- 17].

Freeze Drying of Nanoparticles

Briefly, by taking 5ml of nanoparticles dispersion was filled in 10 ml glass vials, covered with
special stoppers for lyophilidzation and placed in a freeze dryer (Southern scientific lab Instrument,
India) After freeze drying all sample vials were stored at 2-8 C.

Experimental Design

Full factorial design Optimization of Rosuvastatin Calcium loaded nanoparticles was done by
using 32 factorial designs. In this design, amount of Chitosan (CH) (X1) and amount of STPP (X2)
were evaluated as independent variables. Formulated 9 possible combinations using 32 factorial
design by taking each independent variable at 3 different levels as shown in Table 1. Evaluated
fixed responses particles size and % cumulative drug release as Y1 and Y2 respectively.The
formulations batches were design according to a 32 full factorial, allowing the simultaneous
evaluation of two formulation variables and their interaction.

Table 1: Parameters for 3% Full Factorial Design Batches code and Experimental design

Variable level in coded | Chitosan STPP Drug | Stirring | Tween
Formulation form conc. conc.(mg) | (mg) rate 80(ml)
Code Drug: STPP (X2) (mg) (rpm)
polymer
ratios (X2)
RF1 2 2 65 30 200 750 1.5
RF2 3 1 90 20 200 750 1.5
RF3 3 2 90 30 200 750 1.5
RF4 1 2 35 30 200 750 1.5
RF5 1 1 35 20 200 750 1.5
RF6 1 3 35 40 200 750 1.5
RF7 2 3 65 40 200 750 1.5
RF8 2 1 65 20 200 750 1.5
RF9 3 3 90 40 200 750 1.5
Table 2: Coded levels to actual quantities translation

Coded Levels +1 0 -1

Drug: Polymer ratios 1:3 (90) 1:2 (65) 1:1 (35)

(X1) in mg

Sodium Tripolyphosphate 0.2 0.15 0.1

(X2) in %

Evaluation of Rosuvastatin Calcium Nanoparticles

Determination of particle size and Polydispersity index

The size distribution and polydispersity index (PDI) of the formulations were measured by
Dynamic Light Scattering Particle Size Analyzer (Nanoplus 3, Micromeritics USA). The average
diameter and a measure of the distribution width (polydispersity) were determined from the
particle size distribution data. Polydispersity index varies from 0.0 to 1.0. The usual range of PDI
values: 0-0.05 (monodisperse standard).
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X-ray diffraction (XRD) analysis

XRD patterns were obtained at room temperature using a very high-resolution Cu-K radiation

diffraction system (Bruker D8 Advance diffractometer). The instrument was equipped with high
speed dispersive LYNXEYE XE-T detector and monochromatic K radiation the sample was scanned
over 26 of 3-500 [18].

Fourier transforms infrared spectroscopy (FTIR)

Infrared spectroscopy analysis was carried out to see the chemical composition of the prepared
nanoparticles using FTIR (Nicolet, USA) operating within the frequency range of 400-4000 cm-1 at
the absorption mode.

Scanning electron microscopy (SEM)

The prepared microspheres were coated with a thin layer of gold by sputtering (Hitachi High E-
1010, Japan) and so the microstructure were observed in a scanning microscope (SEM; Hitachi High
S-4800,Japan) that operated at an acceleration voltage of 20 kV.

Determinations of drug content

A quantity of Rosuvastatin Calcium drug loaded nanoparticles equivalent to 1 mg was added to
10 ml methanol and phosphate buffer pH 7.4 (1:10) mixtures and stirred continuously for 2 hours
and so the ultimate colloidal suspensions were ultra-centrifuged at 10000 rpm for half an hour. The
supernatant was analyzed for drug content by measuring the absorbance at 240 nm using UV
spectrophotometer [19].

Entrapment efficiency

The Entrapment efficiency of nanoparticles was determined by the separation of drug-loaded
Nanoparticles from the aqueous medium containing non-associated Rosuvastatin Calcium by
ultracentrifugation at 12,000 rpm at 4°C for 1 hr. the quantity of Rosuvastatin Calcium loaded into
the nanoparticles was calculated as the difference between the total amount used to prepare the
nanoparticles and also the amount that was found within the supernatant. The quantity of free
Rosuvastatin Calcium within the supernatant was measured by UV Spectrophotometer [20, 21].
Entrapment efficiency was then calculated as follows: Entrapment efficiency was calculated by Eq.1

Total amount of drug-non bound drug
% EE= X100 Eq. |1
Total amount of drug added

Percentage yield

Fixed volumes of Rosuvastatin Calcium nanosuspension were centrifuged at 9000 rpm for 30 min
at 15°C. The obtained sediment was dried and weighed [20]. The percentage yield was calculated
by Eq.2

Weight of nanoparticles obtained
Percentage yield = X100 Egq..2
Weight of drugs and excipient

Zeta potential

The zeta potential value of optimized Rosuvastatin Calcium loaded Chitosan nanoparticle
formulation was measured with the Zetasizer. To determine the zeta potential, optimized
formulation was diluted with double-distilled water and placed in an electrophoretic cell [22].
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In vitro drug release

The release of Rosuvastatin Calcium from nanoparticles was evaluated using USP type Il paddle
apparatus over 24 hr, dialysis membrane was loaded with nanoparticle formulation containing 10
mg equivalent of drug, which was suspended initially for 2 hrs in 900 ml of 0.1N HCI buffer of pH
7.4 phosphate buffer upto 10 hr maintained at 37+0.5°C and 50 rpm. At regular intervals aliquots of
1 ml of the sample were withdrawn and replaced with the identical volume of the respected fresh
buffer solution. The amount of released drug was assessed by UV-1700 analysis at 240 nm
(Shimadzu UV-1700, Japan) after dilution.

Kinetic modelling

To study the release kinetics from NPs loaded Rosuvastatin Calcium, the release data of the
optimized formulation RF4 nanoparticle batch were fitted to Zero order (Eq. (1)), First order
(Eq. (2)), Higuchi (Eq.(3)) and Korsemeyer-Peppas (Eq.(4)). These kinetic modelling were
analyzed by using Microsoft Office Excel (2013) to obtain the best fit model for the in-vitro
release [25].

Qt = Qo + Kot (1)

Log C=1og Co- Kt/2.303 (2)
f=tl/4 Ky t1/2 (3)

fe=at" (4)

Statistical analysis

Statistical analysis was performed for different formulae by applying factorial design using DOE
by Minitab 17. The effect of the polymer and particle size of different formulations on the percent
cumulative drug release was found out to optimize the best formulation for further studies. 3D
surface plots and contour plots were drawn for supporting the selected ratios and selected
formulations.

Stability studies

Stability studies were performed for polymeric nanoparticles to investigate the loss of drug from
nanoparticle and change in nanoparticle structure during storage condition. Optimized formulation
RF4 nanoparticles were subjected to accelerated stability studies as per ICH guidelines (at 5+3°C in
freeze and at 30+2°C/65+5% RH) [22] for a period of 3 month. Further the samples were observed
for particle size, % entrapment efficiency and drug release were carried out at every one month
interval.

Results and Discussion
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Fig. 1: Particle size analysis of formulation RF4 Batch
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Particle size and Size distribution

The mean particle size for formulations RF1 to RF9 varied in range of 114+0.16 to 724+2.51
(Table 3). It was observed that mean particle size increases with the increase in the polymer
concentration upto a level. The mean polydispersity index values for the Rosuvastatin Calcium
loaded Chitosan nanoparticle formulations RF1 to RF9 are in the range of 0.341- 0.732 as shown in
(Table 3). The results of PDI can be simultaneously checked with particles size analysis. A
monodisperse sample indicates PI value nearer to 0.However, PDI < 1 indicates polydisperse
samples. Therefore, Pl determination was essential to confirm the size distribution of the particles
[14]

Table 3: Average particle size, PDI, %Yield, drug content and drug release of nanoparticles

Formulation Batches | Particle Size | % Drug Content | Product Yield (%) | Polydispersity
(nm)* index
RF1 81.2+3.51 86.05+0.575 54.1 £0.30 0.673
RF2 268.3+5.03 66.75+ 0.492 48.8 £0.15 0.448
RF3 581.5+3.60 61.49+0.342 52.7 £0.25 0.372
RF4 381.9+3.05 65.87+ 0.356 53.8+0.80 0.511
RF5 166.9+3.05 68.50+ 0.132 54.0 £+0.40 0.732
RF6 724.0+2.51 65.10+ 0.325 39.0+£ 0.25 0.346
RF7 624.3+3.21 62.36+0.120 42.1+ 0.65 0.341
RF8 114.5+.3.61 64.12+ 0.491 47.2£0.71 0.421
RF9 652.0£2.51 65.20+ 0.545 46.0+ 0.55 0.408
* Indicates average * SD (n=3)
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Fig. 2: Overlay XRD pattern of pure drugs & Rosuvastatin Calcium NPs
Powder X- ray diffraction (PXRD) studies

Drug crystallanity peaks were also detectable in formulation. Compared with the PXRD patterns
of pure Rosuvastatin Calcium and other formulation, the PXRD patterns of pure drug Rosuvastatin
Calcium has highest peak (2946) at 26 range of 24.7, other peaks were (2385) at 20 range of 20.1,
(2294) at 26 range of 1808, (2094) at 20 range of 17.9, (1869) at 20 range of 16.9 and (1599) at 20
range of 15.9. While RF4 batch formulation has highest peak (2825) at 26 range of 9.47, other peaks
were (7510) at 26 range of 13.69, (21329) at 20 range of 17.28, (10610) at 26 range of 20.41,
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(14607) at 20 range of 21.37,(4157) at 20 range of 23.42, (3470) at 26 range of 27.5, (3216) at 20
range of 34.0, and (2006) at 26 range of 43.8 indicating the amorphous nature of the drug in
formulation. These results confirm that Rosuvastatin Calcium is present as a crystalline material.
The overlain spectra of Rosuvastatin Calcium and RF4 batch were shown in figure 2.

FTIR analysis

The samples that were analyzed by FTIR were plain drug sample, physical mixture of drug and
Chitosan (1:1) and nanoparticulate formulation (Batch RF4). The IR spectrum of RC exhibited
characteristic peaks at 3367.71 cm-1 (carboxylic OH stretch), 2968.45 cm-1 (N-H stretch), 1543.05
cm-1 (C=C stretch), 1435.04 cm-1 and 1377.17 cm-1 (asymmetric and symmetric vibrations of
CH3), 1149.57 cm-1 (C-F stretch) and 514.99 cm-1, 596.0 cm-1, (absorption bands of out of plane
C=C of benzene ring). These peaks were retained in the overlain IR spectra of both the physical
mixture of RC and polymer and in the IR spectrum of optimized formulation (Figure 3). These
observations confirm the compatibility between drug and excipients and lack of any chemical
interactions
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Fig. 3: Overlain FTIR spectra of Chitosan (Red), Rosuvastatin (Black),
Physical Mixture (Green) & NPs batch (Blue).

Scanning electron microscopy study

The exhibited from the SEM of Rosuvastatin Calcium pure drug consisted of a mixture of large
crystals, indicating its crystalline nature. However, the prepared Rosuvastatin Calcium - loaded
Chitosan NP’s of batch RF4 had a spherical shape with a relatively uniform size and no drug crystals
were present which was shown in SEM of pure Rosuvastatin Calcium. The SEM of pure
Rosuvastatin Calcium (A), RF4 batches (B) were nearly spherical in shape depicted in figure 4.

Drug content study
Drug content varies in the range of 61.49+0.28 to 86.05 +0.85 and was determined using the UV
spectroscopic analysis at 240 nm. Drug content of optimized RF4 batch was found to be 65.87+

0.356 %. Low loss of drug content of all formulation batches during freeze drying resulted in good
recovery.
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Fig. 4: Scanning electron microscopy of Rosuvastatin Calcium (A)
&optimized batch of RF4 (B)

Entrapment efficiency

The encapsulation efficiency of the nanoparticles was found to vary between 78.6+0.021-
98.5+0.035 which shown in table 4. Formulation RF4 shows 98.5+0.035 maximum entrapment
efficiency. Based on entrapment efficiency and drug content formulation RF4 was taken as
optimized formulation [19, 20]. The entrapment efficiency not only depends on the Chitosan
concentration, but also depends on the concentration of surfactant used.

Table 4: % Drug Entrapment Efficacy and Zeta Potential of Nanoparticles

Formulation % drug entrapment Zeta
Batches * SD* Potential + SD*
RF1 98.0 £ 0.025 -52.63+ 0.030
RF2 94.3 £0.010 -35.53+ 0.036
RF3 78.6 + 0.021 -42.6+ 0.031
RF4 98.5 £ 0.035 -45.11+ 0.015
RF5 96.7 £ 0.015 -44.56+ 0.056
RF6 84.3+0.041 -49.64+ 0.010
RF7 81.4+0.020 -29.14+ 0.020
RF8 94.2 +0.034 -24.22+ 0.025
RF9 93.6 £ 0.038 -13.12+ 0.010

* Indicates average * SD (n=3)

Percentage yield

Percentage yield was found to be 39+0.605 % to 54+0.860 % for formulation RF1 to RF9 (Table
3). Percentage practical yield depends on the concentration of polymer added, as the concentration
of polymer increases there is increases in the % yield. % yield obtained is 53.8+ 0.734% for
formulation RF4 batch.
Zeta potential

Zeta Potential of the formulations were found ranging from -13.12+ 0.010to-52.63% 0.030 (Table

4). Zeta potential indicates the stability of the dispersed particles in dispersion medium. High zeta
potential shows high repulsion between the particles and particle aggregation is less likely to occur.
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A negative value of the zeta potential shows that formulations have good stability and dispersion
quality [20].
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Fig. 5: Zeta potential of optimized formulation (RF4 batch)

In vitro drug release

In vitro drug release studies were carried out using USP Type II dissolution apparatus (EDT.08LX,
1292092, Elestro Lab, India), at rotation speed of 50 rpm. The cumulative percentage drug release
of Rosuvastatin Calcium in Phosphate buffer pH 7.4 medium of RF1 to RF9 batches were shown in
figure 6. Cumulative percentage drug released for RF1, RF2, RF3, RF4, RF5, RF6, RF7, RF8, and RF9
after 10 h were found to be 99.50%, 80.55% 79.97%, 88.49%,80.39%, 89.41%,86.12%,90.02% and
90.73% respectively. It was apparent that in vitro release of Rosuvastatin Calcium showed a very
rapid initial burst, and then followed by a very slow drug release. Evaluation of the release profiles
of pure drug showed that almost all the Rosuvastatin Calcium was released immediately during
first 3 hours it has reached 36.51+ 0.02%, suggesting that the developed nanoparticles can be used
as an important platform for sustained drug release which shown in figure 7 which would
contribute to lower dosing frequency. Finally, it can be concluded that the different drug release
rates may be attributed to different sizes of the nanoparticles. It is expected as the particle size of
Chitosan nanoparticle is smaller, their surface area will be more and the drug release is faster. [24]

Release Kinetics

It was found that the in vitro drug release of RF4 was best explained by Zero-order, as the plots
showed the highest linearity (R2 = 0.982), followed by Higuchi’s equation (R2 = 0.981), and First-
order (R2 = 0.843). The corresponding plot (log % cumulative drug release vs. log time) for the
Korsmeyer-Peppas equation (R2 = 0.960) indicated good linearity. The release exponent ‘n’ was
found to be 0.631 [27]. Upon fitting the in vitro release data into different equations, the optimized
formulation showed Zero-order release as it has high linearity, followed by Higuchi’'s equation and
First-order as shown in Table 5. The value of release component ‘n’ obtained using the Korsmeyer-
Peppas equation is 0.621 which appears to indicate the anomalous, non-Fickian diffusion
suggesting that the drug release is controlled by more than one process i.e. superposition of both
phenomena, the diffusion-controlled and swelling-controlled release [25].
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Fig. 6: Comparative in vitro drug release profile of RF1 to RF9.
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Fig. 7: Comparative in vitro drug release profile of Rosuvastatin Calcium-Chitosan NPs tablet
and pure drug tablet

Full factorial design

The effect of independent variables Chitosan and STPP was analyzed by response surface plots
using Minitab software 17. Figure 8 and 9 shows responses for particles size (Y1) and % cumulative
drug release (Y2) by the effects of independent variables. Observed coefficient values for the drug
loaded nanoparticles are represented in Eq. (5) and Eq. (6) [24].

Y1=403.6+20.7 X1+ 42.87 X2+37.03X1X2-36.53X12-11.97 X2 . (5)
Y2 =85.20+7.787 X;-5.782 X2-5.518 X1X» ... (6)

The effect of the particle size and Chitosan was thoroughly proven by using full factorial design.
From the above generated surface response plots illustrated that as the concentration of Chitosan
increases, the value of dependent variable, particle size increases and as the concentration of
Sodium Tripolyphosphate increases the value of dependent variable, particle size also increases.
Similarly the response surface plots for % drug release shows negative effects of independent
variable, Chitosan concentration increases the % drug release was decreased and as the
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concentration of Sodium Tripolyphosphate increase the % drug release was also decreased. The
best was selected based on the statistical data supportive evaluation. In the graph it can be seen
that the polymer ratio of 1 has correlated with the highest percent cumulative drug release and also
the lowest particle size. Contour plot further strengthens the evidence that indicates the various
colored regions with percent cumulative drug release [23].

. . ] Surface Plot of Chitosan vs STTP, Cumulative Percent Drug Releas
Surface Plot of Chitosan vs STTP, Particle Size

Fig. 8: Response surface plot showing effect of factorial variables on particle size and %
Cumulative drug release
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Fig.9: contour plot of Chitosan and Sodium Tripolyphosphate cumulative drug release and
particle size

Stability studies

Stability studies results indicate that after the 1, 2 and 3 months accelerated stability studies

reveals no morphological changes but particle size increased, percentage entrapment efficiency and
% cumulative release decreased in freeze dried nanoparticles. Stability studies were carried out on
the optimized formulation RF4 as per ICH guidelines for 90 days.
By comparing this data with initial data it was observed that there was a slight decrease in the
percentage entrapment efficiency and increase in particle size due to degradation of polymer and
aggregation of particles. (Table 5) There was not much change in the cumulative percent drug
release. Formulation stored at (5 * 3°C) showed better stability as compared to the formulation
stored at 30+2°C/65+5% RH. Thus we may conclude that the drug does not undergo degradation
on storage.Rosuvastatin Calcium-Chitosan nanoparticles can be successfully prepared by ionotropic
technique. In vitro release study showed that Chitosan nanoparticles showed sustained release of
drugs for a prolong period of time [26].
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Table 5: Effect on particle size, % Entrapment efficiency and % drug release during stability
studies

Freeze dried optimized batch (RF4)

Final at 5 £ 32C Final at 30+2°C/65+5%RH
Initial | 30 days 60 days 90da | 30day 60 days 90days
ys s
Particle size | 381.9+2.15 384.5+3.8 388.219.1 394.3+5.2 | 393.4+£5.2 | 398.9+0.9 402.7+3.8
(nm)
% 98.5+0.035 95.65+5.3 93.62+13.2 | 89.84+1.3 | 93.76+8.0 | 91.45+3.2 84.85+2.3
Entrapment
Efficiency
% Drug | 88.4+0.020 86.7+1.54 85.5+4.58 81.34+4.1 | 82.54+6.8 | 81.78+1 79.29+1.3
Release
Conclusion

A total of nine formulations (RF1-RF9) were formulated by varying the concentration of Chitosan
(0.1%, 0.2% & 0.3%) and Sodium Tripolyphosphate (0.1%, 0.15% and 0.20% using ionotropic
technique and the various parameters were evaluated. The sizes of nanoparticles were in nanosize
range, spherical and discrete, particle size increase with increase in polymer concentration.
Entrapment efficiency increased with increasing the polymer concentration to certain level and
then decreased. RF4 formulation was considered as optimized formulation based on drug release
higher entrapment efficiency (98.5 * 0.035 %), drug content and good Zeta potential of-45.11 mV.
In vitro release study showed initial burst effect, and then followed by a very slow drug release.
Evaluation of the release profiles of pure drug showed that almost all the Rosuvastatin Calcium was
released immediately during first 4 hrs, suggesting that the developed nanoparticles can be used as
an important platform for sustained drug release upto 10 hrs which would contribute to lower
dosing frequency. The oral bioavailability of Rosuvastatin Calcium-Chitosan nanoparticles was
improved by than that of pure drug. From the stability studies, it can be found that 5 + 30 °C is the
ideal temperature for storage of nanoparticles. The concentrations of polymer and crosslinking
agent are the important factors in the development of Rosuvastatin Calcium nanoparticles. In
conclusion, this work was confirms that modified ionic gelation method is offers an interesting
potential for the delivery of hydrophobic drugs with Chitosan nanoparticle.
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Abstract

Hemostasis, inflammation, proliferation, and tissue remodeling are some of the steps that are
involved in the wound healing process, which in turn is a multidimensional biological process. In
order to facilitate and promote the healing process of wounds, indigenous medicinal plants have
been utilized for centuries across a wide range of civilizations. In this review, the efficacy of these
plants, which commonly contain bioactive compounds such as alkaloids, flavonoids, tannins, and
saponins, as well as their effects and mechanisms of action, are investigated. The antibacterial, anti-
inflammatory, antioxidant, and astringent properties that these compounds possess make them
more effective in preventing infections, promoting tissue regeneration, and facilitating wound
contraction. The creation of affordable and easily accessible medications can be facilitated by an
understanding of the medicinal potential of these plants, which is especially beneficial in areas that
are resource-constrained and rural. The next phase of research should concentrate on
standardizing dosages, examining the synergistic effects of plant combinations, and establishing the
efficacy of these combinations through clinical investigations.

Keywords: : Indigenous medicinal plants, wound healing, tissue repair, natural wound remedies,
clinical trials.

Introduction

Wound healing is a complex physiological process that involves a delicate interplay of various
cellular and molecular mechanisms. There is a complex chain of events that is going place, which
includes a variety of proteins, cells, and growth hormones. When it comes to the skin or other
tissues, the body initiates a series of processes in order to restore the injured area. The process of
wound healing can be broken down into three distinct phases: the inflammatory phase, the
proliferative phase, and the remodeling phase[1-2].

As a result of the inflammatory process that takes place during the healing process of a wound, the
patient will experience swelling, redness, discomfort, heat, and migration of leukocytes and also
during the acute phase of inflammation, neutrophils, which are the most prevalent leukocytes in the
blood, are typically the first leukocytes to be recruited to the site of damage or infection.
Neutrophils are also responsible for a significant part regarding the leukocytes[3-4].

In most cases, the process of wound healing can be delineated down into three sections.
Inflammation, proliferation, and remodeling are all included in these. Despite the fact that the vast
majority of wounds heal fast, there is still a significant fraction of wounds that do not heal that have
not been thoroughly explored. Due to the complexity and variety of the factors that contribute to
wounds not healing, the primary purpose of study is to locate a natural remedy that is effective in
treating wounds. Within the context of the treatment of wounds that do not heal, the purpose of
this study was to investigate and investigate the mechanisms and targets of natural products (NPs).
Through an inductive aggregation of six primary groups of substances, including saponins,
polyphenols, flavonoids, anthraquinones, polysaccharides, and others, a comprehensive
compilation of thirty natural products that promote wound healing was carried out. The active
components of natural products will be the primary focus of this investigation, which will also
provide possibilities for research that could lead to the development of innovative wound healing
solutions[5-6].
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The inflammatory phase is characterized by hemostasis, chemotaxis, and increased vascular
permeability. These factors limit the amount of damage that can be caused, make it easier for the
wound to heal, clear cellular debris and germs, and encourage the migration of cells and a number
of days are normally spent during the inflammatory stage[7].

The proliferative phase is defined by the development of granulation tissue, reepithelialization,
and neovascularization. This period may endure for several weeks[8]. During the era of growth and
rebuilding, the wound reaches its maximum level of strength[9].

PATHOLOGY OF WOUND

Epidermis

Injury

Blood
vessel \

VARIATIONS OF WOUNDS

Surgical wounds are injuries resulting from surgical procedures, typically involving deliberate
incisions made by a surgeon to reach underlying tissues. The complexity of these wounds can differ
based on the type of operation and the healing procedure. Conversely, traumatic wounds are
inadvertent injuries resulting from accidents, falls, or other types of physical trauma, frequently
resulting in open wounds necessitating medical intervention. Apressure ulcer is another type of
wound that arises from sustained pressure on the skin, commonly observed in bedridden
individuals or those who remain motionless for prolonged durations. Prolonged pressure on
specific regions impedes blood circulation, resulting in tissue damage and the formation of painful
sores, especially over bony prominences such as the hips, heels, and lower back[10-11].

Venous stasis ulcers, predominantly found in the legs, arise from inadequate venous circulation.
Sluggish blood flow, especially in the lower extremities, can result in chronic wounds that require
extended healing periods. Diabetic ulcers represent a distinct category of chronic wounds,
prevalent in patients with diabetes, particularly as a result of consequences such neuropathy and
inadequate blood circulation. These ulcers typically manifest on the foot and may deteriorate
without adequate treatment, heightening the risk of infection and, in extreme instances, resulting in
amputation[12-13]. Wounds may also be classified according to their severity. Superficial wounds
are confined to the epidermis, the outermost layer of the skin. These are typically mild injuries that
heal promptly, such as superficial cuts or abrasions. Nevertheless, more severe injuries penetrate
further into the dermis. Severe lacerations extend through the epidermis and into the dermis, the
denser, underlying layer of the skin. Such wounds frequently necessitate sutures or alternative
medical treatments for proper healing. A penetrating wound is a more serious injury that breaches
the skin and spreads into the underlying tissues, muscles, or internal organs, increasing the risk of
complications such as infection or damage to important systems[14-15].

35



Innovare Academic Sciences Pvt Ltd Recent Advances in Pharmaceutical Sciences (Volume 19)

Wounds such as abrasions are often superficial and occur when the skin rubs against a coarse
surface, leading to minor lesions. Abrasions are frequent injuries resulting from falls or accidents
and generally heal with minimal intervention. However, more severe injuries, such as lacerations,
include deeper incisions that breach the skin and occasionally extend beyond. Lacerations may
arise from sharp objects or substantial trauma and typically necessitate medical intervention for
wound closure. Puncture wounds are inflicted by sharp items such as nails, needles, or knives,
resulting in small yet profound openings that penetrate past the skin's surface. These injuries can
be insidiously perilous, as they frequently present with a minor outward aperture while possibly
compromising underlying tissues. Avulsion injuries are severe traumas in which a segment of
tissue is violently detached from the body, frequently leading to considerable tissue loss and
necessitating reconstructive surgeries. Each wound type poses distinct problems for treatment and
healing, influenced by characteristics such as depth, severity, and the patient's overall health.
Appropriate care is crucial to avert problems such as infection, protracted recovery, or irreversible
tissue damage[16-17].

PHARMACOLOGY OF WOUND HEALING

Wound healing is a complex, multi-phase process involving many cells, tissues, and biochemical
mechanisms designed to restore the integrity of damaged tissue. The pathophysiology of wound
healing can be categorized into the following various phases:

Haemostasis (Immediate Response): The primary components are platelets and coagulation
factors.

Pathology: Following injury, blood arteries contract, and platelets aggregate to form a clot. If this
phase is impaired (e.g., because to a coagulation issue), extensive hemorrhaging or hematoma
development may ensue, hindering recovery[18].

Inflammation (0-3 Days Post-Injury): The primary contributors are Neutrophils, macrophages and
mast cells.

Pathology: Inflammation is initiated by chemical signals emitted from injured cells. Neutrophils
eliminate bacteria and debris from the site, subsequently followed by macrophages that produce
cytokines to promote more healing. Impaired inflammation: Chronic wounds, such as diabetic
ulcers, may falter during this stage due to inadequate immuneresponse or ongoing infection.
Excessive inflammation: Overactivity of neutrophils and macrophages may result in sustained
inflammation, tissue damage, or ailments such as persistent wounds[19-20].

Proliferation (3-10 Days Post-Injury): The principal contributors are fibroblasts, endothelial cells,
and keratinocytes.

Pathology: Fibroblasts multiply and synthesize collagen to create the extracellular matrix.
Angiogenesis, the formation of new blood vessels to deliver nutrients and oxygen to the repairing
tissue. Epithelialization, the process in which Keratinocytes traverse to establish a novel epidermal
layer over the wound.

Pathological concerns: Inadequate angiogenesis (insufficient blood supply) may impede

wound healing. Excessive collagen synthesis might result in hypertrophic scars or

keloids[21-23].

Maturation and Remodeling (Weeks to Years): The principal components are collagen fibers
and myofibroblasts.

Pathology: In this phase, collagen undergoes reorganization, and wound contraction occurs as a
result of myofibroblast activity. Impaired remodeling, the inadequate collagen breakdown or
excessive production results in fibrotic tissue, causing rigid or distorted scars. Excessive wound
contraction may lead to contractures, restricting movement in joints or other regions[24].
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ETHNOPHARMACOLOGY

Indigenous tribes all over the world have relied on the natural environment for medical care for
generations, particularly when it comes to the treatment of wounds and injuries. There is a
profound connection between the cultural practices, beliefs, and knowledge that have been passed
down from generation to generation and the utilization of medicinal plants in traditional medical
systems. A rich history of plant-based remedies has been discovered via the study of ethnobotany,
which is the study of the relationship between humans and plants. Many of these therapies have
been shown to be beneficial in the treatment of wounds[26-27]. Native American healers from a
wide range of civilizations have compiled large pharmacopoeias of medicinal plants in order to
address various elements of wound healing.

The management of bleeding, the prevention of infections, the reduction of inflammation, and the
acceleration of tissue regeneration are some of these techniques. The choice of plants is frequently
determined by empirical knowledge, which is obtained through the process of trial and error, in
addition to the relevance of spiritual and ritualistic practices. For instance, in traditional societies in
Africa, South America, and Asia, particular plants are revered as holy and are utilized not just for
their curative qualities but also for the spiritual force they possess to facilitate the healing process.
The use of herbal poultices, decoctions, and infusions that are derived from the roots, leaves, and
barks of local plants has been an essential component in the treatment of wounds, burns, and skin
diseases. Wounded individuals are not only considered to be physical injuries in many traditional
healing systems, but they are also considered to be disruptions in the spiritual equilibrium.
Therefore, the process of wound healing requires holistic care, which includes the use of herbal
therapies, participation in spiritual rituals, and involvement in the community.

As a result of the widespread belief that plants chosen for wound care had both physical healing
capabilities and symbolic meaning, these plants have become an essential component of the social
and cultural fabric[28-30].

Over the course of the last few decades, numerous traditional use of these medicinal herbs have
been gradually supported by several scientific research. These plants include a variety of bioactive
substances, including flavonoids, tannins, saponins, and alkaloids, which are in the process of being
discovered by researchers.

These compounds contribute to the healing of wounds. Because of these discoveries, there has
been a resurgence in interest in traditional knowledge and ethnobotany, which has led to the
formation of partnerships between scientists and indigenous groups in order to investigate the
potential of plant-based treatments for contemporary medicine[31]. On the other hand, a
significant portion of the information concerning the utilization of native medicinal plants is still
undocumented and runs the risk of being lost as a result of the decline of traditional ways of life
and the impact of contemporary healthcare systems. As a consequence of this, the preservation of
this ethnobotanical knowledge is of the utmost importance, not only for the sake of cultural legacy
but also for the possibility that it will contribute to the development of new wound healing
therapies. It is vital for researchers, indigenous healers, and environmentalists to work together in
order to guarantee that this knowledge is protected and appreciated, as well as to guarantee that
medicinal plants may be used in a sustainable manner in both traditional and contemporary
healthcare systems[32-34]. Some of those plants have been listed here.

List of various Indigeneous plants, parts, dose, parameters of judgment for wound healing
activity

DRUGS PARTS USED | DOSE
Parameters of Judgement
(mg/kg)
Increased angiogenesis,
1. Uncaria tomentosa Leaves, bark 15-20 epithelialisation,
contraction of wound
2. Curcuma longa rhizome 10-100 | Increased angiogenesis, scar
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DRUGS PARTS USED | DOSE
Parameters of Judgement
(mg/kg)
Formation,
epithelialisation
Cantella asiatica Leaves 20-100 | Contraction of wound
Calendula officinalis | Flowers 50-100 | Epithelialisation, Scar Formation
epithelialisation, contraction of
. Acorus calamus Rhizome 100-200| wound
Eupatorium anti- Leaves and
. quorum stems 50-150 | Increased angiogenesis
epithelialisation, contraction of
. Aloe barbadensis Gel from leaves | 50-100 | wound
Calendula officinalis | Flowers 50-100 | contraction of wound, Scar Formation
Leaves, bark, Increased angiogenesis, Scar
. Azadirachta indica and 50-150 | Formation
oil
Roots and Increased angiogenesis,
10. Symphytum officinale | leaves 100-200| epithelialisation,
Matricaria
11. chamomilla Flowers 50-100 | contraction of wound
12. Plantago ovata Seeds and husk | 100-200| Granulation Tissue Formation,
contraction of wound
Increased angiogenesis,
13. Zanthoxylum armatum| Bark, fruitand | 50-150 | epithelialisation,
seeds contraction of wound
14. Embelia ribe The fruits 50-100 |Granulation Tissue Formation,
epithelialisation
whole aerial Increased
15. Commelina diffusa parts 100-200| angiogenesis,epithelialisation,
contraction of wound
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DRUGS PARTS USED | DOSE
Parameters of Judgement
(mg/kg)
Increased angiogenesis,
16. Vanilla planifolia Vanilla beans 10-50 | epithelialisation
17. Euphorbia thymifolia | Whole plant 50-150 | Increased angiogenesis
whole aerial Increased angiogenesis,
18. Rubussanctus Schreber| parts 50-150 | epithelialisation,
50 to contraction of wound
19. Catharanthus roseus | Leaf extracts 200
Increased angiogenesis
Flowers and Increased angiogenesis,
20. Hypericum perforatum| aerial 50-100 | epithelialisation
part
Increased angiogenesis,
21. Achillea millefolium Leaves and 50-150 | epithelialisation,
flowers contraction of wound
22. Allium sativum Bulbs (cloves) | 50-100 | Increased angiogenesis, Granulation
Tissue Formation
epithelialisation, contraction of
23. Psidium guajava Leaves 50-100 | wound
Increased angiogenesis,
24. Moringa oleifera Leaves and oil | 50-150 | epithelialisation,
from seeds contraction of wound
Increased angiogenesis,
25. Lawsonia inermis Leaves 50-100 | epithelialisation
26. Ficus religiosa Bark and leave | 50-150 | Increased angiogenesis
Jasminum Flowers and Increased angiogenesis,
27. grandiflorum leaves 50-100 | epithelialisation,
Tissue Formation
epithelialisation, contraction of
28. Lavandula angustifolia| Flowers 50-100 | wound
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DRUGS PARTS USED | DOSE
Parameters of Judgement
(mg/kg)
29. Bellis perennis Whole plant 50-100 | epithelialisation, Granulation Tissue
(flowers and Formation
leaves)
Roots and
30. Boerhavia diffusa leaves 50-150 | Increased angiogenesis, Granulation
Tissue Formation

Uncaria tomentosa

The Amazon rainforest is the natural habitat of the Uncaria tomentosa vine, which is more
generally referred to as Cat's Claw. In indigenous medicine, it has been used for centuries to
strengthen the immune system and provide relief from inflammation. The ability of Uncaria
tomentosa to speed up the healing process of wounds has been demonstrated by the use of both
ethanolic and aqueous extracts of the plant in preclinical wound healing research. Tannins,
flavonoids, and pentacyclic oxindole alkaloids are some of the active ingredients that contribute to
the anti-inflammatory, antibacterial, and tissue-repairing activities of this substance[35].

Curcuma longa

Curcuma longa, often known as turmeric, is a prominent medicinal plant esteemed for its anti-
inflammatory, antioxidant, and wound-healing attributes. In preclinical research, curcumin, the
bioactive constituent of turmeric, is extracted using ethanolic or aqueous solutions to assess its
efficacy in wound healing. Curcuminoids, including curcumin, and essential oils such as zingiberene
and turmerone, facilitate turmeric's efficacy in enhancing wound healing through inflammation
reduction and tissue regeneration promotion[36].

Centella asiatica

Centella asiatica, known as Gotu Kola, is a herb frequently utilized in traditional Chinese and
Ayurvedic medicine for the treatment of dermatological conditions and injuries. Preclinical
investigations have employed aqueous and methanolic extracts of this plant to examine its
therapeutic potential. The principal active components of Centella asiatica are asiaticoside,
madecassoside, and triterpenoids, which together enhance collagen synthesis, facilitate wound
closure, and diminish inflammation, rendering it very efficacious in wound healing[37].

Calendula officinalis

Calendula officinalis, commonly referred to as marigold, is renowned for its application in
traditional medicine for the treatment of several skin ailments, burns, and wounds. Preclinical
investigations have demonstrated the effectiveness of both aqueous and ethanolic extracts in
accelerating wound healing. The active components comprise triterpenoids, flavonoids,
carotenoids, and saponins, which collectively contribute to inflammation reduction, granulation
tissue enhancement, and tissue healing facilitation[38].

Acorus calamus

Acorus calamus, known as sweet flag, has been utilized in traditional medicine for the treatment
of inflammation and wounds. Preclinical investigations of wound healing have utilized both
ethanolic and aqueous extracts of this plant. The bioactive compounds in Acorus calamus, including
asarone, acorin, essential oils, and flavonoids, enhance its anti-inflammatory, antibacterial, and
wound-healing capabilities, positioning it as a viable option for wound care therapies[39].
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Eupatorium anti-quorum

Eupatorium anti-quorum is utilized in traditional medicine for its potent wound-healing and
antibacterial properties. Preclinical investigations have assessed the efficacy of both aqueous and
methanolic extracts in wound treatment. The plant's active components comprise flavonoids,
terpenes, and coumarins, which are thought to aid in mitigating inflammation, inhibiting infection,
and facilitating the regeneration of injured tissue[40].

Aloe barbadensis

Aloe barbadensis, commonly known as Aloe vera, is renowned for its medical attributes,
particularly in wound healing, anti-inflammatory effects, and skin repair. Preclinical research have
employed the gel extract of Aloe vera, which comprises various bioactive components, including
polysaccharides, anthraquinones, vitamins, and amino acids. These substances function
synergistically to diminish inflammation, augment collagen synthesis, and expedite the wound
healing process[41].

Calendula officinalis

Calendula officinalis is conventionally employed to address wounds and dermatological
conditions, mostly because to its anti-inflammatory, antioxidant, and wound-healing attributes. In
preclinical study, both aqueous and ethanolic extracts of Calendula officinalis have shown
considerable efficacy in expediting wound closure. The active components comprise triterpenoids,
flavonoids, and carotenoids, which facilitate inflammation reduction, granulation tissue creation,
and enhancement of wound contraction[42].

Azadirachta indica

Azadirachta indica, widely referred to as neem, is a vital medical plant recognized for its
antibacterial, antifungal, and wound-healing qualities. Preclinical research have utilized both
ethanolic and methanolic extracts of neem to evaluate its wound healing efficacy. The primary
active components comprise azadirachtin, nimbin, flavonoids, and tannins, which collectively aid in
mitigating inflammation, inhibiting infections, and facilitating tissue regeneration in wounds[43].

Symphytum officinale

Symphytum officinale, known as comfrey, is conventionally utilized for its capacity to enhance
wound healing and diminish inflammation. Aqueous and ethanolic extracts have been utilized in
preclinical studies on wound models. The plant comprises allantoin, rosmarinic acid, mucilage, and
tannins, which facilitate improved tissue regeneration, expedited wound healing, and diminished
pain and inflammation, rendering it helpful for wound care[44].

Matricaria chamomilla

Matricaria chamomilla, commonly known as chamomile, has historically been utilized in herbal
therapy for its anti-inflammatory, antibacterial, and wound-healing attributes. Preclinical research
examining its wound healing capabilities frequently utilize aqueous and ethanolic extracts. The
primary active components comprise chamazulene, bisabolol, and flavonoids, which mitigate
inflammation, expedite wound healing, and inhibit infection[45].

Plantago ovata

Plantago ovata, commonly referred to as psyllium, is utilized for its wound-healing, anti-
inflammatory, and calming attributes. Preclinical investigations have concentrated on the
application of its mucilage and aqueous extracts for wound treatment. The active components of
Plantago ovata comprise mucilage, glycosides, and alkaloids, which aid in alleviating irritated
tissue, facilitating wound healing, and augmenting the repair process[46].

Zanthoxylum armatum

Zanthoxylum armatum is conventionally employed for wound treatment and possesses anti-
inflammatory properties in multiple cultures. Preclinical investigations on wound healing have
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utilized ethanolic and aqueous extracts of the plant. The active ingredients comprise alkaloids,
flavonoids, and essential oils, which aid in diminishing inflammation, enhancing collagen synthesis,
and expediting wound healing[47].

Embelia ribes

Embelia ribes is acknowledged for its antibacterial and antioxidant attributes, rendering it
beneficial in conventional wound management. Preclinical research utilize ethanolic extracts of
Embelia ribes to assess its wound-healing efficacy. The active ingredients, including embelin,
tannins, and alkaloids, are important in diminishing infection, facilitating wound closure, and
expediting the healing process[48].

Commelina diffusa

Commelina diffusa is a plant recognized for its application in the treatment of inflammation and
wounds. Preclinical research has employed ethanolic and aqueous extracts to evaluate their
wound-healing capabilities. The plant's active ingredients comprise flavonoids, alkaloids, and
saponins, which facilitate its anti-inflammatory, antibacterial, and wound-healing properties[49].

Vanilla planifolia

Vanilla planifolia, widely recognized as vanilla, has historically been utilized for its antibacterial
and therapeutic qualities. Preclinical research have employed ethanolic extracts to assess their
impact on wound healing. The principal active components,
including vanillin, tannins, and essential oils, contribute to diminishing inflammation, facilitating
tissue regeneration, and inhibiting infections in wounds[50].

Euphorbia thymifolia

Euphorbia thymifolia has been traditionally utilized for wound treatment owing to its
antibacterial and wound-healing attributes. Preclinical investigations have employed both aqueous
and ethanolic extracts to assess their efficacy in wound healing. The active components comprise
flavonoids, saponins, and alkaloids, which aid in diminishing inflammation, facilitating wound
healing, and expediting tissue regeneration[51].

Rubus sanctus Schreber

Rubus sanctus Schreber is conventionally utilized for its therapeutic attributes, especially in the
treatment of wounds and dermatological ailments. Preclinical investigations have utilized both
methanolic and aqueous extracts to assess their effects. The plant comprises flavonoids, tannins,
and anthocyanins, which are thought to enhance its anti-inflammatory, antioxidant, and wound-
healing capabilities[52].

Catharanthus roseus

Catharanthus roseus, also known as Madagascar periwinkle, is utilized in traditional medicine for
its wound healing and antibacterial qualities. In preclinical studies, both aqueous and ethanolic
extracts have been evaluated for their wound-healing properties. The active components, such as
vincristine, vinblastine, and alkaloids, facilitate infection reduction, enhance tissue regeneration,
and improve overall wound healing[53].

Hypericum perforatum

Hypericum perforatum, commonly referred to as St. John's Wort, is renowned for its wound-
healing, anti-inflammatory, and antibacterial characteristics. Preclinical investigations have
employed aqueous and ethanolic extracts to assess their wound-healing efficacy. The principal
active components comprise hypericin, hyperforin, and flavonoids, which facilitate expedited
wound healing, diminish inflammation, and provide protection against infections[54].

Achillea millefolium

Achillea millefolium, commonly known as yarrow, is a conventional medical herb recognized for
its wound-healing, anti-inflammatory, and antibacterial qualities. Preclinical investigations have
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employed ethanolic extracts of the plant to assess its efficacy. The active components comprise
flavonoids, tannins, and sesquiterpenes, which mitigate inflammation, enhance collagen synthesis,
and expedite wound healing[55].

Allium sativum

Allium sativum, more often known as garlic, is a bulbous plant that is lauded for its singular flavor
as well as its multiple medicinal properties. Garlic, which has been used for centuries in culinary
techniques, has also been recognized for its potential health benefits, particularly in the healing of
wounds. Several other kinds of extracts, such as garlic oil, aqueous extracts, and ethanol extracts,
have been investigated. Flavonoids, allicin, and ajoene are the primary active components found in
garlic. Flavonoids are also present. Garlic is an efficient natural medicine for accelerating wound
healing because it inhibits infection and boosts tissue repair. These components display significant
antibacterial, anti-inflammatory, and antioxidant capabilities, which makes garlic a useful natural
medication[56].

Psidium guajava

Psidium guajava, more commonly referred to as guava, is a tropical fruit that is highly regarded
for several reasons, including its high vitamin C content and its therapeutic properties, particularly
in the context of traditional medical practices. In herbal medicine, the bark and foliage of the guava
tree are commonly used as herbal remedies. There are three types of extracts that were
investigated: essential oils, methanol extracts, and aqueous extracts. In addition to tannins and
other flavonoids, quercetin and guajaverin are among the active components that can be found in
guava. These compounds are known for their antibacterial and anti-inflammatory characteristics,
which help wounds heal more quickly and improve the overall health of the skin[57].

Moringa oleifera

Moringa oleifera, sometimes known as the drumstick tree, is a plant that is highly valued for its
leaves, which are rich in nutrients and have a variety of applications in the medical field. Essential
oils, aqueous extracts, and methanol extracts are some of the more common types of extracts that
are utilized in the process of wound healing. Moringa contains a high concentration of active
chemicals, such as moringin, isothiocyanates, flavonoids, and vitamins A, C, and E. These chemical
compounds possess considerable antioxidant, anti-inflammatory, and antibacterial properties, all of
which are vital for promoting the healing of wounds and improving the overall health of the
skin[58].

Lawsonia inermis

Lawsonia inermis, most commonly referred to as henna, is a flowering plant that is well-known
for its ability to dye and for its conventional applications in conventional cosmetic treatments.
Many different types of henna extracts, including aqueous, ethanol, and essential oil varieties, have
been investigated for their potential therapeutic applications. Among the active components found
in henna, lawsone is the most important one, followed by tannins and flavonoids. Lawsone is well-
known for its antibacterial and anti-inflammatory properties, both of which contribute to the
healing process of wounds by preventing infections and promoting the regeneration of surrounding
tissue[59].

Ficus religiosa

There is a significant amount of cultural and therapeutic importance associated with the Ficus
religiosa, which is also known as the sacred fig. This significance spreads across a variety of
traditions. The numerous health benefits that this tree offers, in particular its ability to speed up the
healing process of wounds, motivated its utilization. Water extracts, ethanol extracts, and methanol
extracts are the types of extracts that are utilized for the evaluation process. Flavonoids, tannins,
and polyphenols are some of the energetic components that can be found in the Ficus religiosa tree.
Furthermore, these compounds have powerful antioxidant and anti-inflammatory characteristics,
which contribute to the acceleration of wound healing and the reduction of inflammation[60].

Jasminum grandiflorum:

There is a flowering plant called Jasmin, which is more often referred to as jasmine. This plant is
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highly valued for its fragrant blossoms and essential oil. Traditional medical practitioners have
made use of this plant due to the relaxing effects it possesses as well as the potential medicinal
benefits it may offer. The extracts that were investigated include essential oils, extracts made with
ethanol, and extracts made with methanol. Jasmine is primarily composed of benzyl acetate, indole,
and a wide variety of flavonoids, which are its primary active components. Because of their anti-
inflammatory and soothing properties, these compounds may be able to facilitate the healing
process and improve the overall health of the skin[62].

Lavandula angustifolia:

Lavender, also known as Lavandula angustifolia, is a fragrant herb that is widely used in
aromatherapy and traditional medicine because to its essential oil. Lavender is also commonly
referred to as lavender. Essential oils, aqueous extracts, and ethanolic extracts are the ingredients
that make up the lavender extracts that were investigated. Flavonoids, linalool, and linalyl acetate
are some of the active components that can be found in lavender. The presence of these
compounds, which are known to have anti-inflammatory, antibacterial, and analgesic properties,
makes lavender an effective natural remedy for promoting the healing of wounds and reducing the
amount of suffering experienced[64].

Bellis perennis:

Daisy, or Bellis perennis, is a flowering plant that has been used for medicinal purposes for a very
long time. It is commonly referred to as the daisy. The potential therapeutic effects of this substance
are widely acknowledged, particularly in the context of wound healing applications. Essential oils,
aqueous extracts, and ethanol extracts are the three components that make up Daisy extracts. Bellis
perennis contains flavonoids, phenolic acids, and terpenoids, which are three of the active
components that it has. These compounds are known for their anti-inflammatory and wound-
healing properties, which make it easier for tissues to mend themselves and improve the overall
health of the skin[65].

Boerhavia diffusa:

Boerhavia diffusa, also known as Punarnava, is a herbaceous plant that has been utilized
extensively in traditional Ayurvedic medicine due to the healing properties that it possesses.
Aqueous, ethanol, and methanol extracts of Boerhavia diffusa were the three types of extracts that
were thoroughly examined. Boeravinones, flavonoids, alkaloids, and saponins are the compounds
that make up the majority of the active components found in this plant. It is well known that these
substances possess anti-inflammatory and antioxidant characteristics, which make it easier for
wounds to heal and improve the overall health of the skin[66].

FUTURE PROSPECTIVE

A trustworthy scoring system is essential for assessing various therapeutic options. The wound
bed score and ulcerated leg severity evaluation score were developed to examine the stages and
progression of wound healing in clinical practice. Wound evaluation can be done using more
advanced methodologies than only clinical scoring systems. One recently announced and intriguing
strategy is the use of biodegradable polymers that release growth hormones like FGF-2 in a pH-
dependent way. Antimicrobial peptides serve an important role in avoiding bacterial colonization.
They may thus be a promising target for future therapies in wound healing. Another intriguing
target for wound healing is mTOR. For example, higher levels of Mtor[67-68]. Furthermore, other
procedures use intact stem cells rather than altering the cells already present in the wound. The
nervous system-immune system network is a recently identified field in wound repair. This cross-
talk involves numerous key mediators, including neuropeptides and cytokines secreted by
nerve fibers, immune cells, and cutaneous cells[69-70]. Experimental studies are shedding fresh
light on the molecular and cellular causes of chronic wound disease. This opens up fascinating new
possibilities for future therapy prevention and intervention[71].

Conclusion
The natural enhancement of the body's mending capabilities makes plants more effective as

healers than other types of food. This study revealed that traditional medicines continue to be
utilized by individuals, and it demonstrated the significance of numerous plants employed in
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medicinal practices, particularly for wound healing. In the domain of wound healing, numerous
uncertainties exist, including the wound itself. Agents utilized in traditional systems of medicine
(TSM) should not be discontinued prior to comprehensive evaluation. Ongoing investigation into
their mechanisms of action and clinical effectiveness will augment our comprehension of their
therapeutic potential and facilitate the incorporation of these natural therapies into contemporary
healthcare procedures. Overall, this work emphasizes the significance of ethnobotanical knowledge
in formulating effective wound healing remedies and advancing holistic health approaches.
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Abstract

Prophylactic antimicrobial drugs are essential for preventing surgical site infections (SSIs) in
preoperative patients. Inappropriate prescribing practices can result in resistance and adverse
reactions. This study is aimed at investigating the prescribing patterns of preventive
antimicrobial drugs in preoperative patients at a tertiary care teaching hospital. A cross-sectional
study was performed on preoperative patients admitted to the surgical units of a tertiary care
teaching hospital. Data about patient demographics, surgical type, prescribed antimicrobial drugs,
timing, dosage, and compliance with standard standards were gathered and examined. The bulk
of the patients examined underwent significant procedures necessitating antimicrobial
prophylaxis. Ceftriaxone was the most often prescribed medication, succeeded by metronidazole.
Although the majority of prescriptions conformed to the specified parameters for timing and
dosage, variances were noted in duration, with extended prophylaxis frequently occurring. While
compliance with guideline-based prescribing was adequate, it is essential to rectify improper
duration of antimicrobial usage to reduce resistance and enhance patient outcomes. Enhancing
awareness and following standardized processes can improve the quality of surgical care.

Keywords: Prophylactic antibiotics, Antimicrobial agents, Preoperative antibiotics, Prescription
pattern, Surgical Site Infection.

Introduction

Prophylactic antibiotic refers to “prevention of infection and its complication by using
antimicrobial agents prior to any surgical procedures”. In spite of numerous available aseptic
precautions, antimicrobial agents, advanced sterilization procedures and operative techniques, the
Surgical Site Infection (SSI) is one of the most important crises in the field of surgery [1]. The
definition of surgical site infection is that, the occurrence of infection at or near the surgical site
within 30 d or a year followed by any surgical procedure [2]. Around two million cases had
developed a surgical site infection worldwide [3]. SSI is the second most common nosocomial
infection and cause of many post-operative complications [4]. The rate of morbidity and mortality
are more in SSI and it increases the expense and duration of hospital stay for the surgical patients
[5, 6]. SSI also produces delayed wound healing, augmented use of antibiotics and multidrug
antibiotic resistance [7]. The causes for the SSI could be due to poor hygiene, existing infection,
anaemia, diabetes, obesity and improper techniques which can be overcome by proper prophylactic
antibiotic usage [8]. Surgeries like coronary bypass, hip and knee prosthesis and exploratory
abdominal surgeries showed higher rates of SSI [9]. In order to lower postoperative infections, a
major source of morbidity and mortality among surgical patients, prophylactic antimicrobial
medicines are crucial parts of surgical care. The commonest pathogens isolated were
Staphylococcus aureus, Escherichia coli, Klebsiella sp. Coagulase-negative Staphylococci,
Pseudomonas aeruginosa, Proteus mirabilis [8]. Based on when antimicrobial drugs were
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administered, prophylaxis might be classified as early surgical, meaning it was planned before an
hour before the incision. If it is administered less than two hours before the incision, it is referred to
as pre-operative prophylaxis; if it is scheduled during surgery, it is referred to as peri-operative
prophylaxis; and postoperative prophylaxis is provided following the conclusion of surgery [10].
Clinical guidelines that strike a balance between preventing infections and reducing the risk of
antibiotic resistance direct the administration of these medicines in preoperative settings.
Prophylactic antibiotic selection, timing, or duration errors can result in worse than ideal patient
outcomes, greater resistance, and higher medical expenses. Prophylactic antibiotics should be
stopped within 24 hour of surgery and within 48 hour in cardiothoracic surgeries [5]. Knowing
hospital prescribing trends, particularly in teaching institutions for tertiary care, can help identify
areas for improvement and offer important insights into compliance with established standards.
Strong standards are necessary to ensure efficient prophylaxis in these hospitals, which frequently
serve a variety of patient populations and handle difficult surgical cases. We can better
comprehend current therapeutic procedures by looking at these prescribing habits. Vancomycin
and first and second-generation cephalosporins are the most often utilized preventive
antimicrobial medicines in patients who are hypersensitive to beta-betalactam antibiotics [11, 12].
The criteria for a prophylactic antibiotic are, good efficacy against infective microorganisms,
achievement of sufficient local tissue levels,minimal side effects and relatively at a lower cost
(13). The aim of the present study was to identify the common antimicrobial agents used
prophylactically in various surgeries.

Materials and Methods

The present study was a descriptive observational study done at SRM Medical College Hospital
and Research Centre which was carried out from July to December 2013 after obtaining the
Institutional Ethics Committee clearance (415/1EC/2013). According to the inclusion and exclusion
criteria, patients receiving surgery in the general surgery, orthopaedic, and gynecology departments
were included in this study. Data such as age, gender, date of admission, diagnosis, co-morbid
diseases, date and kind of surgery, name, and specifics of prophylactic antimicrobial drugs used were
assessed and recorded in individual proformas following the patient's oral informed permission. Any
indications of postoperative infections were monitored. SPSS version 17.0 was used to analyze the
data, and the percentage findings were shown.

Results

A total of 284 patients were included in the study, out of which 141(49.6%) were females and
143(50.4%) were males. In the department of general surgery, the surgeries performed frequently
were appendicectomy (21%) followed by hernioplasty (17%), abdominal meshplasty (15%),
haemorrhoidectomy (13%), cholecystectomy (9%), lipoma and granuloma excision (7%). In the
above conditions, the commonest antimicrobial agents used were cefotaxime (81%) followed by
cefoperazone sodium (42%), ceftriaxone (25%), amoxicillin with clavulanate (20%) and
metronidazole (14%) (table 1, fig. 1).

Table 1: Surgeries and antimicrobial agents used in general surgery

Name of surgery No. of cases N=148 Name of Antimicrobial agent
Cefotaxime(75%)
Cefoperazonesodium(10%)
Hernioplasty 29(17%) Ceftriaxone and Tazobactam(06%)
Ceftriaxone and Sulbactam(06%)
Cefotaxime(71%)
Haemorrhoidectomy 21(13%) Ceftriaxone and Tazobactam(19%)
Cefotaxime(62%)

Abdominal meshplasty 24(15%) Ceftriaxone and Sulbactam(16%)
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Name of surgery No. of cases N=148 Name of Antimicrobial agent

Ceftriaxone and Tazobactam(08%)
Cefotaxime(55%)
Metronidazole(14%)

Appendicectomy 34(21%) Ceftriaxone and Sulbactam(08%)
Ciprofloxacin(06%)
Cefotaxime(66%)

Cholecystectomy 09(6%) Cefoperazone sodium(33%)

Lipoma and Granuloma 07(4.7%) Cefotaxime(100%)

excision
Cefotaxime(66%)

Skin graft 06(4%) Cefoperazonesodium(16%)
Amoxicillin and Clavulanate(16%)

Fibroadenoma excision 06(4%) Cefotaxime(100%)

Secondary suture 03(2%) Cefotaxime(100%)
Ceftriaxone(25%)
Cefotaxime(25%)

Wound debridement 04(2.7%) Cefoperazone sodium(25%)
Amoxicillin and Clavulanate(25%)

Radical Mastectomy 03(2%) Cefotaxime(100%)

Thyroidectomy 01(1%) Cefoperazone sodium(100%)

Colectomy 01(1%) Cefotaxime(100%)

Table 2: Surgeries and antimicrobial agents used in orthopaedics

Name of surgery Number of cases Name of Antimicrobial agent
N=67
Cefoperazonesodium (31%)
Open Reduction and Cefoperazone and Sulbactam (27%)
Internal Fixation(ORIF) 29(43%) Cefazolin (17%)

Cefoperazonesodium (42%)
Cefoperazone and Sulbactam (42%)

Plate and screw fixation 14(21%) Cefazolin (21%)
Laminectomy and 07(10%) Cefoperazone and Sulbactam (85%)
Dissectomy

Cefoperazonesodium (20%)
Cefoperazone and Sulbactam (20%)
Arthrodesis 05(7%) Cefuroxime (20%)

Cefoperazone sodium (20%)
Cefoperazone and Sulbactam (40%)

Implant removal 05(7%) Cefuroxime (20%)
Cefazolin (50%)
Wound debridement 04(4%) Cefoperazone and Sulbactam (25%)

Gentamicin (25%)

In the orthopaedics department, surgeries done very often were Open Reduction and Internal
Fixation-ORIF (43%), plate and screw fixation (21%), laminectomy and discectomy (10%). In
these, the commonest antimicrobial agents used were cefoperazone with sulbactam (39%),
cefazolin (29%), cefoperazone sodium (28%), gentamicin (25%) and cefuroxime (20%) (table
2,fig. 2).

In the gynaecology department, the common surgeries done were Total Abdominal
Hysterectomy with Bilateral Salphingo Oophrectomy- TAHBSO (43%), Vaginal hysterectomy
(12%), Laparotomy hysterectomy (5%) and Myomectomy (4%), where the antimicrobial agent
prescribed was only c efotaxime (100%) (table 3).
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Fig. 2: Antimicrobial agents used in Orthopaedics

Table 3: Surgeries and antimicrobial agents used in gynaecology

Name of surgery No. of cases N=70 Name of antimicrobial agent

TAHBSO 43(61%) Cefotaxime(100%)

Vaginal hysterectomy 12(17%) Cefotaxime(100%)

Laparotomy hysterectomy 05(7%) Cefotaxime(100%)

Myomectomy 04(5.7%) Cefotaxime(100%)
Discussion

The administration of prophylactic antimicrobial drugs has substantially lowered death and
morbidity rates in postoperative patients. Standard protocols advocate for the administration
of these medications prior to surgery to mitigate infection risks, and this practice is now
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obligatory. This study sought to analyze the utilization trends of preventive antimicrobial
agents in the departments of general surgery, orthopaedics, and gynaecology. A total of 284
patients took part in the trial, with all antimicrobial drugs provided one hour prior to surgery,
and dosages tailored to each individual agent. In the department of general surgery, the
common surgeries performed were appendicectomy (21%) followed by hernioplasty (17%),
abdominal meshplasty (15%) and haemorrhoidectomy (13%). In these surgeries, the
common antimicrobial agents used were cefotaxime (81%) followed by cefoperazone sodium
(42%), ceftriaxone (25%) and amoxicillin with clavulanate (20%). The first three drugs belong
to the third generation cephalosporin. Since the third generation cephalosprin is having a
wide spectrum activity, it has become a preferred drug to be used as a prophylactic agent.
According to Garcia-Rodriguez JA et al,the frequency of wound infections in the cefotaxime
group was less (3.3%) when compared to cefoxitin group(7.6 %) which is a second-
generation cephalosporin [14]. Another study by Woodfield stated that, both ceftriaxone and
cefotaxime along with metronidazole were highly effective and well comparable in their
efficacy [15]. Amoxicillin and clavulanate were mainly used in skin graft and wound
debridement in the present study. A study, published in vascular journal explained that, 95%
of the organisms cultured from the skin preoperatively were sensitive to
amoxicillin/clavulanic acid which has a suitable spectrum and tissue penetration [16].
Ciprofloxacin, ceftriaxone with sulbactam and ceftriaxone with tazobactam were used in
appendicectomy, haemorrhoidectomy and hernioplasty surgeries in the present study. The
common orthopedic surgeries done were ORIF (43%), plate and screw fixation (21%),
laminectomy and dissectomy (10%). In these surgeries the preferred antimicrobial agents
used were cefoperazone with sulbactam (39%), cefazolin (29%) and cefoperazone sodium
(28%). Since the staphylococcus aureus infection is most common in orthopaedic surgeries,
above said antimicrobials were commonly used which was confirmed by the
protocol,“Antibiotic Prophylaxis to Prevent Surgical Site Infections” by Alan et al,. In the
present study, cefuroxime was mainly used in implant removal and arthrodesis cases which
were also mentioned in the protocol [5]. Injection gentamicin was used in cases like wound
debridement against gram negative infection in the present study which was supported by a
study done by Adrienne ] et al, [17]. The frequent gynaecology surgeries were TAHBSO
(43%), vaginal hysterectomy (12%), laproscopic hysterectomy (5%) and myomectomy (4%).
In these surgeries, an antimicrobial agent used was cefotaxime (100%). Cefotaxime was the
common antimicrobial agent used as a monotherapy and also combined with the other group
of antibiotics in most of the surgeries, specified in a study done by peter et al.,[18]. A similar
study done by Brethiset al., stated that the use of cefotaxime was 20.7% followed by
metronidazole 19.1% [19]. A study by Amol M et al., compared cefotaxime with various groups
and defined that, the short course and long course of various antimicrobial therapy did not
differ considerably [20]. After the follow-up, none of the patients showed any postoperative
infections. The present study emphasized, that the chosen antimicrobials proved to be an
effective prophylactic agent.

Conclusion

The present study emphasizes recent trends in prophylactic antimicrobial medication for
preoperative patients at our tertiary care teaching institution. The current study findings
reveal a propensity for standardized antimicrobial selection, favoring broad-spectrum
medicines in most instances. Reduction of surgical site infections lowers the postoperative
morbidity, mortality, and the total cost of healthcare resources. Antimicrobial prophylaxis is
effective in reducing the incidence of post-operative infections. A targeted, protocol-based
strategy for antimicrobial prophylaxis can significantly enhance the quality of surgical care and
preserve long-term effectiveness of antibiotics. This study elucidates the diverse antibacterial
drugs employed in surgical procedures. Practitioners must administer antibiotic prophylaxis
in accordance with the antibiotic policy.
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Abstract

Artificial intelligence (AI) holds great potential to revolutionize medication adherence
management in patients with chronic non-communicable diseases (NCDs). However, its integration
into clinical practice introduces significant ethical challenges. This paper explores key ethical issues
surrounding the use of Al to enhance medication adherence, focusing on privacy, transparency,
autonomy, bias, and fairness. Al-driven systems rely on sensitive health data, raising concerns
about data privacy and security, especially regarding potential breaches and the ethical use of
patient information. The "black box" nature of many Al algorithms presents challenges in
transparency and explainability, undermining patient and clinician trust. Additionally, while Al
systems aim to support decision-making, there is a risk of infringing on patient autonomy if Al
recommendations are implemented without sufficient human oversight.

Bias in Al models, stemming from unrepresentative datasets, can perpetuate healthcare disparities,
leading to unequal access and effectiveness of Al solutions. Moreover, the risk of over-reliance on
Al tools could depersonalize patient care, eroding the therapeutic relationship essential for
promoting adherence. Predictive models, while valuable in identifying patients at risk of non-
adherence, must be used ethically to avoid punitive measures or patient stigmatization. Ensuring
equitable access to Al technologies, particularly in underserved populations, is crucial to prevent
widening healthcare gaps.

This paper emphasizes the need for ethical frameworks guiding Al development in healthcare,
advocating for patient-centered designs, transparent algorithms, and supportive interventions. By
addressing these ethical concerns, Al can become a transformative tool for enhancing medication
adherence while upholding patient rights, trust, and dignity.

Keywords: Artificial intelligence, Medication adherence, Predictive models, Non-communicable
diseases.

Introduction

Chronic non-communicable diseases (NCDs), such as cardiovascular diseases, diabetes, chronic
respiratory conditions, and cancer, are leading causes of morbidity and mortality globally. These
diseases require long-term pharmacotherapy to manage symptoms and prevent complications.
However, non-adherence to prescribed medications is a significant barrier to effective disease
management, leading to poor health outcomes, increased hospitalizations, and elevated healthcare
costs. [1,2]0ver the recent years, artificial intelligence (AI) has emerged as a powerful tool to
enhance medication adherence through various digital health interventions. This chapter provides
a comprehensive literature review on Al-based solutions aimed at improving medication adherence
among patients with chronic non communicable diseases (NCDs) like diabetes and hypertension,
identifying the challenges and exploring future directions for research and implementation.

Medication Adherence in Chronic NCDs
Medication adherence refers to whether patients take their medications as prescribed by the
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physician (eg, twice daily), as well as whether they continue to take a prescribed medication.
[3]Medication adherence refers to the extent to which patients follow prescribed treatment
regimens, including taking medications at the correct dose and frequency. In NCD management,
medication adherence is essential to achieve therapeutic benefits. Unfortunately, adherence rates
are suboptimal across the globe, with only about 50%-70% of patients adhering to their prescribed
treatment regimens.[4] Non-adherence can be due to several factors, including patient-related
factors (e.g., forgetfulness, low health literacy), healthcare system-related factors (e.g., lack of
follow-up), and medication-related factors (e.g., side effects).

Despite several attempts by health care providers in the form of educational intervention,
behavioural interventions and other integrated approaches, it was not successful to improve the
rate beyond a limit. In this context, the role of Al has come into the clinical practice and
implementation. Hence the objective of this review is to comprehensively analyse the various
applications and solutions of Al in tackling the poor adherence rates for chronic medications in the
management of NCDs.

The Role of Al in medication adherence

Al has the potential to transform healthcare by mimicking cognitive processes, such as reasoning,
learning, and problem-solving. In the context of medication adherence, Al can be applied through
both virtual (informatics) and physical (robot-assisted systems) solutions. Al's adaptability allows
it to an such as electronic health records (EHRs), and predict adherence patterns, enabling
personalized interventions.[5,6]

Current Al Technologies for Improving Medication Adherence
Al technologies to improve medication adherence focus on several key aspects: mobile
applications, reminder systems, patient empowerment tools, and integrated care systems.

Mobile Phone Applications

Mobile health (mHealth) applications are one of the most widely used Al-driven tools for
enhancing medication adherence. Al-powered apps can provide personalized reminders, dosing
instructions, and real-time monitoring through neural network algorithms. [7]A notable example is
an app developed for stroke patients on anticoagulant therapy, where Al used a smartphone
camera to verify medication ingestion. In a 12-week study, patients using this app demonstrated
significantly higher adherence (100%) compared to controls (50%).[8] However, the long-term
efficacy and scalability of these is yet remain to be seen.

Reminder Systems

Al-powered reminder systems, such as text messages, push notifications, and automated calls, are
promising in improving adherence. Machine learning (ML) models can tailor these reminders based
on patient behaviour, adjusting the frequency and type of reminders based on predicted non-
adherence patterns.[9,10] These systems can be integrated into existing healthcare working alerts
to both patients and providers when a dose is missed.

Al for Patient Empowerment

Al applications that empower patients through education and engagement tools also show
potential. These tools provide real-time feedback and recommendations, helping patients
understand the importance of adherence. For example, Al-based health coaching systems guide
patients through their treatment journey, offering motivational messages and educational content
tailored to individual needs.[10] Such systems aim to improve self-efficacy, a key determinant of
adherence.

Al in Integrated Care

In integrated care settings, Al facilitates seamless communication between patients, physicians,
and pharmacists. By integrating EHRs with Al systems, healthcare providers can monitor patient
adherence remotely and intervene promptly when deviations are detected. Al can identify high-risk
patients, allowing targeted interventions to prevent adverse outcomes.[11,12]
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Machine Learning and Big Data Analytics

ML and big data analytics have capability to predict medication adherence by analysing large
datasets, including patient demographics, clinical history, and previous adherence behaviour.
Logistic regression models, support vector machines (SVMs), and neural networks common classify
patients as adherent or non-adherent based on a variety of input features. [7,10]For example, in
diabetes care, ML models utilizing continuous glucose monitoring (CGM) data have been used to
optimize insulin dosing and predict adherence to insulin regimens.

Challenges in Al-Driven Adherence Solutions
Despite its potential, the implementation of Al in medication adherence faces several challenges.

Patient Characteristics

The effectiveness of Al solutions may vary depending on patient characteristics, including age,
digital literacy, and socioeconomic status. Older patients or those with limited access to technology
may not benefit as much from Al-based interventions. Moreover, cultural differences and language
barriers may affect the adoption and usability of Al tools.[13]

Depersonalization

Al's role in healthcare raises concerns about depersonalization, where the patient-provider
relationship may be diminished. Al systems are not designed to replace human interaction but to
supplement it. However, there is a fear that over-reliance on Al may lead to less personalized care
and reduced patient satisfaction.

Infrastructure, Training, and Cost-Effectiveness

The widespread adoption of Al technologies in healthcare needs robust infrastructure, including
high-speed internet, secure data storage, and computational power. In many low- and middle-
income countries, such infrastructure is lacking, which limits the scalability of Al interventions.
Additionally, healthcare professionals need adequate training to effectively use Al tools, and the
cost-effectiveness of these must be evaluated to justify their implementation.[14,15]

Ethical Issues

Al raises several ethical concerns, including data privacy, security, and algorithmic bias. Ensuring
that Al handles sensitive health information securely is critical. Moreover, algorithms trained on
biased data may lead to disparities in care. Transparent Al models that are interpretable and
explainable to both clinicians and patients are essential to mitigate these risks. [16]This is
discussed in detail in a following section.

Research and Future Directions

While Al has shown promise in enhancing medication adherence, several research gaps remain.
Large-scale, long-term studies are needed to evaluate the efficacy of Al interventions in diverse
populations. Moreover, research should focus on the integration of Al into existing healthcare
systems and workflows to ensure that these technologies complement rather substitute care
delivery.

Evaluating Long-Term Efficacy

Most Al-driven adherence solutions have been evaluated in short-term studies. Future research
should assess whether improvements in adherence can be sustained over longer periods,
particularly in patients with chronic conditions requiring lifelong treatment.

Addressing Health Disparities

Al solutions must be designed to address the needs of underserved populations, including those
in rural areas with limited healthcare infrastructure. Ensuring that Al tools are affordable,
accessible, and culturally sensitive is critical to reduce healthcare disparities.
Future Solutions in Al for Medication Adherence in Chronic Non-Communicable Diseases

As artificial intelligence (Al) continues to evolve, its role in healthcare, particularly in improving
medication adherence, will become increasingly significant. The future holds several potential
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advancements in Al-driven interventions that can revolutionize how medication adherence is
managed, particularly for chronic non-communicable diseases (NCDs). Below are detailed insights
into some of the promising future solutions and innovations that can transform medication
adherence.

Personalized Al-Powered Treatment Plans

Al's strength lies in its ability to analyze large, complex datasets and extract insights that can
tailor healthcare to the individual. Future solutions will likely focus on developing highly
personalized treatment plans based on an individual’s unique medical history, behaviour patterns,
genetic makeup, and even social determinants of health. By integrating genomic data with
pharmacological information, Al can predict the most effective treatment strategies, including the
likelihood of adherence based on patient-specific factors.[17] For example, pharmacogenomics
could be used to predict how a patient metabolizes certain medications, allowing for the
personalization of dosage and medication types to reduce side effects and enhance adherence.

Advanced Predictive Analytics and Machine Learning Models

The future of Al in medication adherence will likely include advanced predictive analytics capable
of forecasting non-adherence well before it happens. With the growing availability of data from
electronic health records (EHRs), wearable devices, and patient-reported outcomes, Al will be able
to identify subtle patterns and trends that indicate when a patient is at risk of deviating from their
medication regimen. This will enable healthcare providers to intervene early, potentially
preventing non-adherence before it negatively impacts the patient’s health.

Integration of Al with Internet of Medical Things (IoMT)

The Internet of Medical Things (IoMT), which refers to the interconnected system of medical
devices and applications that communicate via the internet, will play a crucial role in enhancing Al-
driven adherence solutions. Smart pill bottles, wearable sensors, and implantable devices will be
able to monitor medication intake and vital signs continuously, transmitting data to Al systems that
analyze adherence in real time. Al algorithms can flag potential adherence issues, such as missed
doses or suboptimal therapeutic effects, and suggest interventions. Additionally, smart devices can
provide reminders, track patient behaviour, and facilitate communication between patients and
healthcare providers.[18-20]

Al-Driven Behavioural Interventions

Incorporating Al into behavioural interventions could significantly improve adherence by
addressing the psychological and emotional barriers to consistent medication use. Al-powered
digital health coaches could use natural language processing (NLP) to interact with patients,
providing motivational messages, educational content, and behaviour-modification strategies based
on real-time data. These virtual assistants could be designed to emulate human empathy,
addressing patient concerns and encouraging long-term adherence through personalized
engagement.

Al-Enabled Telemedicine and Remote Monitoring

With the increased adoption of telemedicine, Al can further enhance remote patient monitoring
for medication adherence. In the future, Al algorithms could be integrated into telemedicine
platforms to assess adherence risk factors during virtual visits. Al can analyze patient speech, facial
expressions, and other biomarkers through video consultations to detect signs of depression,
cognitive decline, or other factors that may affect adherence. [21,22]Additionally, Al-enabled
platforms can allow providers to remotely adjust treatment plans in response to adherence
challenges without requiring in-person visits.
Al-Enhanced Decision Support Systems

Healthcare providers will benefit from Al-driven decision support systems that offer evidence-
based recommendations on how to optimize medication adherence for individual patients. These
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