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Abstract

Use of herbal medicines has greatly
increased as complementary and alternative
medicine for the ailment of many diseases. In the
present study zinc content was determined in the
commonly consumed raw herbs sold over the
table in India (East, West, North, South Zones).
Zinc is an important micronutrient and plays
a vital role in regulation in antioxidant activity
and acts as a catalyst. However, excessive
absorption of zinc causes suppression of
copper & iron absorption, causes GIT disorders
and alterations in blood lipoprotein level. The
aim of this study was to determine the Zinc
concentration in the market samples of raw
herbs by ICP-MS (Inductively Coupled Plasma-
Mass Spectrometry) and to model the estimated
daily intake (EDI).

Keywords: Medicinal Plants, Zinc, Estimated
Daily Intake, ICP-MS

Introduction

The Indian form of alternative medicine
originated about 2000 years ago which relies
on medicinal plants and their formulations (1)
(2). According to the World Health Organization
(WHO), these plant-based medications are
used as primary treatment by around 80% of
the world’s population (3). These alternative
herbal medicines are prepared from medicinal

plants and are generally considered safe
for use (4). However, as the need for these
therapies is increasing, the natural resources
of these herbs are becoming depleted, and in
order to fulfil the high demand, herbs are being
grown on farms using standard agronomic
approaches. Also, for getting high yield, use
of chemical fertilizers and pesticides have
been increased considerably. This in turn
is affecting the overall nutrient status and
enhancing the accumulation of some essential
nutrients beyond the permissible limits. It is
well documented that unethical farm practices
and heavy load of chemicals results in the
accumulation of toxic substances in the various
parts of medicinal plants (5)(6). Apart from this,
mining of ores and minerals, heavy industrial
practices such as use of foundries, smelters,
oil refineries, petrochemical plants, chemical
industry, untreated sewage sludge and diffuse
sources such as metal piping and combustion
by-products from coal-burning power stations
etc. are also the major contributors in increasing
heavy metal contamination in soil and water (7)
(8). This study discusses the zinc status in the
commonly used herbs in India shortlisted API
Volume | of AYUSH (9). Zinc is essential for
overall homeostasis of human body and plays
a crucial role in growth and development and
acts a signalling factor and is one of the most
common trace elements (10). It contributes to
the regulation of chronic inflammatory status by

Assessing zinc thresholds in commonly Used herbs in India and associated health risks
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decreasing inflammatory cytokines. Additionally,
it is known to alleviate oxidative stress by taking
part in the synthesis of antioxidant enzymes. It
also acts as a catalyst for these enzymes, as well
as is involved in lipid, protein, and carbohydrate
metabolism (11)(12). Apart from acting as an
essential micronutrient and supporting many
metabolic processes, humerous studies on lipid
and metabolic disorders are been reported with
high zinc concentrations. Increased intake of
zinc also impacts the immune system of body
(13). Nausea, fever and weakness are also
some associated side-effects with high zinc
consumption (14).

Material and Methods
Study area

Medicinal plants samples in the raw
form were procured from the local markets of
East, West, North and South zones of India and
the passport data for the same was generated.
Plant identification and authentication was
done from different authorised regional centres
by expert botanists from “Regional Ayurveda
Research Institute for  Gastro-Intestinal
Disorders (Guwahati), Regional Ayurveda
Institute for Fundamental Research (Pune),
Regional Ayurveda Research Institute (Jhansi)
and Regional Ayurveda Research Institute for
Metabolic Disorders (Bengaluru)’; for East,
West, North and South respectively.

Sampling and metal analysis

Raw herbs sold over the table in the
Indian market were chosen and collected from
the local markets of each region for the analysis
of zinc concentration. The names and part
used of the respective herb is given in Table
1,2,3&4. The plants were tagged properly,
stored in polyethylene bags, and brought to the
laboratory.

Reagents

The reagents used were of Supra
Grade. HPLC grade water (Rankem) was used.
All the glassware soaked overnight in 1% HNO,

solution and washed with deionized water were
used after drying. Hydrogen peroxide (30%) &
nitric acid (65%), Merck, Darmstadt, Germany
was used.

Digestion of herb samples

The herb samples were grounded into
powder and weighed (1g) in PTFE (Teflon)
vessels. To this 8ml diacid mixture (2:5 viv
HNO, and H,0,) was added. The vessels were
kept for few hours as such for cold digestion.
Samples were digested in a microwave assisted
digestion system; Anton Paar Multiwave 7000;
with ramp time and hold time of (10, 5 and 5
minutes) for 3 cycles at 90°C, 120°C and 150°C
respectively. The digested material was filtered
through 0.2 mm syringe filter and was made
up to 50 ml in a volumetric flask. The digested
samples were stored at 4°C for analysis.

Estimation of zinc concentration

Zinc content determination with the
digested leaf samples was performed on a
model ICP-MS (Inductively Coupled Plasma
Mass Spectrometery) NexION 2000; Germany
using Syngistix software; Inductively Coupled
Mass Spectrophotometer under an optimized
measurement condition with Argon and Helium
gas flow. NIST (National Institute of Standards
and Technology) certified 1000 ppm zinc
standard was used to plot standard graph. The
samples were analysed in triplicates and the
average values of each sample was used as
result.

Estimated daily Intake

Both the metal concentration in plants
and the amount consumed of the respective
plants influence the average estimated daily
intake (EDI). The EDI of Zinc was calculated
using Eq.1, recommended by the USEPA (15).

EDI = X (FIR/WAB)

where EDI is the estimated daily intake (mg/kg
bw/day); X is the Zinc concentration

in the sample (mg kg™"); FIR is daily

Radhika & Pammi
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consumption rate for adults. WAB is the average
adult body weight (kg) which is considered to be
65 kg.

Results and Discussion

The data for zinc concentration is
presented in Tables 1,2,3 & 4 and estimated
daily intake in the respective herbs sampled is
presented in Table 5. The concentration of zinc
(Zn) in the analysed samples ranged between
5.657 and 88 mg kg™"in East, 4.919 mg kg™ and
78.089 mg kg™ in West, 3.44 mg kg™ and 95.962
mg kg™" in North, 1.858 mg kg™' and 78.336 mg
kg™ in South. The maximum concentrations of
zinc in Yavani (Trachyspermum ammi Linn.);
58.475, 78.089, 95.962, 66.759 mg kg,
Svetajiraka (Cuminum cyminum Linn); 71.389,
60.226, 59.441, 76.145 mg kg', Upakuncika
(Nigella sativa Linn); 130.74, 64.759, 55.021,
57.703 mg kg in all the four zones viz, East,
West, North and South respectively and 7
samples in East, West & South Zones and 10
samples in North Zone were found be above
permissible limit of 50 mg/kg (Figure 1-4).
Overall, results revealed that of the samples
analysed; 9.7% in East, 12.9% in West, 16.12%
in North and 11.2% in South had concentrations
higher than 50 mg kg™ (which is the permissible
limit (PL)) set for zinc in herbal medicines by
FAO/WHO (16)(17). High concentration of
Zinc (above 50 mg kg') was observed in Mint,
Basil, Parsley, Sage and Thyme (52.97, 50.10,
112.19, 58.78, 112.19 mg kg’ respectively)
sampled in UAE (18). Similar to present study,
high concentration of zinc, 314.05 mg/kg was
found in cumin sampled from Egyptian market
(19). The samples of medicinal spices sampled
from Polish market were reported with the zinc
concentrations with the maximum permissible
limits (20).

The EDI's of zinc is calculated on the
basis of average concentration of zinc in the
herbs and the consumption rate for adults
(Table 5). According to the calculated data, the
values of the daily intake of zinc were observed
to be on the higher side for the medicinal herbs

with high zinc concentrations in the respective
zones; with the values ranging from 0.08- 3.29
mg/kg bw/day in east zone, 0.07-4.65 mg/
kg bw/day in west zone, 0.05-4.22 mg/kg bw/
day in north and 0.03-3.63 mg/kg bw/day
in south zones across India. Zinc is a trace
element that is essential for normal growth,
blood clotting, thyroid function, and DNA &
protein synthesis. Excessive zinc consumption
has a negative impact on the immune system,
blood lipoprotein levels, and copper level (18).
Extreme intake of zinc also causes abdominal
pain, diarrhoea, vomiting and nausea. High zinc
uptake in medicinal plants is due to presence of
heavy amount of zinc present in cultivation soil.
Therefore, various biological, chemical, and
physical strategies are employed to render soil
free from zinc contamination. These involve use
of hyperaccumulator plants such as Arabidopsis
halleri, Noccaea caerulescens (21), Thlaspi
ochroleucum (22); apart from this Dichapetalum
subsp. Sumatranum and D. subsp. Pilosum
are strong zinc hyperaccumulators (23).
Polyaspartate  (PASP) synthesized from
L-aspartic acid produced by modified thermal
procedure has potential to chelate Zinc ions
from contaminated soil (24).

Conclusion

The present research based on the zinc
estimation in commonly used medicinal plants
across four geographical locations across India,
showed that the concentration of Zinc in some
herbs were beyond the acceptable limits. The
findings of the present research also highlight
the significance of safety and hygiene practices
from harvest to their reaching to consumer end.
Therefore, it is utmost necessary to implement
the regular monitoring of testing of the quality
and mineral content in the raw herbs sold
over the table in the Indian markets. It is also
to be taken into consideration that the many
of the herbs studied in the present research
are incorporated in the daily meals. Future
prospects regarding the presence of more toxic
elements and their impact on overall human
health and also on herbs must be studied. Also,

Assessing zinc thresholds in commonly Used herbs in India and associated health risks
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Table 1. Zinc Concentration in

766

the Fruits and Flower Buds of the Herbs Sampled (ppm+SD)

Herb Name LPJ:;SJ East West North South

Ajamoda (Apium leptophyllum Fruit > > 43.323+1.1 78.336%£0.9
Yavani(Trachyspermum ammi) Fruit 58.475£1.12 | 78.089+1.1 91.35%£1.2 66.759+0.9
Dhanyaka (Coriandrum sativum) Fruit 40.49+0.9 60.49+£1.12 40.876+0.9 | 45.809+0.9
Svetajiraka (Cuminum cyminum) Fruit 71.389+1.23 | 60.226+£1.54 | 59.441+£1.32 | 76.145+£0.9
Krsnaijirak (Carum carvi) Fruit 49.698+1 50.689+1.23 | 48.723+£1.32 | 43.338%£0.9
Amalaki (Emblica officinalis) Dry Fruits 6.874+1.5 23.34+1.32 7.788+2.1 9.218+1.1
Kankola (Piper chubeba) Fruit 32.25+0.9 17.13+£1.1 65.09+0.9 31.12+0.8
Udumbara (Ficus racemose) Fruit 8.38+1.12 26.5+1.1 13.23+1.21 13.42+1.1
Jatiphala (Myristica fragrans) Fruit 20.85+1.56 9.701+1.2 14.491+1.1 9.16+1.1
Suksmaila (Elettaria cardamomum) | Fruit 38.502+1.32 | 12.984+0.9 51.008+1.2 47.66%1.1
Haritaki (Terminalia chebula) Fruit 14.05+1.12 14.54+1.1 10.489+1.4 >
Misreya (Foeniculum vulgare) Fruit 14.91741.43 | 14.519+1.1 31.32+1.21 63.77+1.1
Bilva (Aegle marmelos) Fruit pulp b 4.919+0.9 13.341£0.9 17.65+0.8
Aragvadha (Cassia fistula) Fruit pulp b 7.137+£1.32 17.11£0.9 25.85+0.9
Hingu (Ferula foetida ) %I:i?]-gum- 6.36+2.1 9.341+0.7 | 8.367+1.32 | 18.401%1.1
Lavanga (Syzygium aromaticum) Flower bud | 12.531+0.9 18.176+1.1 16.171+1.12 | 18.209+1.1

Table 2. Zinc Concentration in the Root and Rhizomes of the Herbs Sampled (ppm+SD)

(Phyllanthus fraternus)

Herb Name Parst Used East West North South
Haridra (Curcuma longa) Rhizome 14.248+1.1 11.637+0.9 > >
Sunthi (Zingiber officinale) Rhizomes 25.021+1.21 | 16.818+1.23 ** 36.532+0.9
Citraka ok

(Plumbago zeylanica) Root 6.086+1.13 75.32+1.21 14.0911.1
Aswagandha

(Witthania somnifera) Root 44.431£1.13 | 14.417+1.12 | 15.753+1.4 15.576+1
Arka (Calotropis procera) Root 30.94+1.18 29.83+1.12 > 7.35+0.9
Eranda (Ricinus communis) Root 28.48+1.15 19.85+1.5 14.51+£1.3 6.389+0.9
Karavira (Nerium indicum) Root > 12.277+1.21 | 26.43+1.1 31.37+1.2
Nyagrodha (Ficus .

benghalensis) Aerial Root 15.06+0.8 12.68+0.9 12.68+0.9 12.27+0.8
Pashanabheda .

(Bergenia ciliate) Rhizome 39.96+1.1 15.07+2.1 46.06+0.9 35.77+1
Taamalaki Dried Root w 47.03£0.9 | 39.41£0.9 -

**The herbs were not available in the respective markets

Radhika & Pammi
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Table 3. Zinc Concentration in the Stem and Whole Plant of the Herbs Sampled (ppmzSD)

Herb Name Parst Used East West North South
Kantakari *x - *x
(Solanum surattense) Whole plant 29.37410.8
Apaamaarga
(Achyranthes aspera) Whole Plant 17.67+0.9 23.6+1.45 30+0.9 20.81+£0.9
Argavadha o
(Cassia fistula) Stem Bark 12.1£0.9 5.294+1 14.26+1
Ashvattha o
(Ficus religiosa) Bark 8.232+0.8 14.712+1.1 21.45+1.1
Bilva
(Aegle marmelos) Stem Bark 5.647+1.12 25.37+1.9 22.56+1.1 14.76+1.2
Guduci
(Tinospora cordifolia) Stem 14.39+£1.32 52.65+1.12 13.031+£1.1 | 31.09+1.21
Khadira
(Acacia catechu) Heart Wood 8.55+1.12 15.803+1.23 13.23%£1.3 21.46+1.1
Kanchanara
(Bauhinia variegate) Stem Bark 16.49+1.15 6.585+1.45 8.353+1.1 14.1611
Nyagrodha
(Ficus benghalensis) Stem Bark 13.86+0.6 12.7+1.65 12.246+0.9 19.331
Taamalaki . . *x
(Phyllanthus fraternus) Whole Plant 88.4+1.12
Taamalaki *x ok
(Phyllanthus fraternus) Stem 11.2610.9 40.86+1.1
Udumbara
(Ficus racemoss) Bark 37.89+1.11 14.64+1.2 12.29+1.11 21.14+0.9
Tvak
(Cinnamomum Bark 14.27+0.9 7.326+1.32 18.07+1.1 8.905+1.2
zeylanicum)
Babbula *%k *k
(Acacia nilotica) Stem bark 5.94+1.1 3.818+0.9
Lodhara
(Symplocos Stem Bark > > 3.44+1.1 1.858+1
racemose)
Asoka (Saraca asoka) Stem Bark * > 9.78+1.1 4.722+1.1
**The herbs were not available in the respective markets
Table 4. Zinc Concentration in the Seeds and Leaf Samples of the Herbs (ppm+SD)
Parst
Herb Name Used East West North South
Upakuncika
(Nigella sativa) Seed 130.74+0.9 64.759+1.12 55.021+1.1 57.703+0.9
Candrasura o .
(Lepidium sativum) Seed 49.305+1.21 58.696+0.9
Atasi Seed 27.14+£1.15 53.53+1.11 72.12+0.9 43.7241.3
(Linum usitatissimum) B I e e
Arkaparna
(Calotropis procera) Leaf 51.75+0.9 45.25+1.43 61.5+0.9 35.88+1.1
Eranda . *x
(Ricinus communis) Leaf 23.97+1.11 14.49+1.1
Eranda
(Ricinus communis) Seed 43.69+1.19 63.76+1.3 73.48+1.1 63.75+£0.9
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Gunja
(Abrus precatorius) Seed 20.22+2 1 29.87+1.21 37.43+1.2 22.03+0.9
Karavira (Nerium
indicum) Leaf 75.44+1.21 26.09+1.43 14.913+1.32 42.54+1.1
Tvakpatra
(Cinnamomum tamala) Leaf 39.12540.8 32.132+1.32 32.224+1.21 28.857+1.2
Karanja *x *x
(Pongamia pinnata) Seed 23.95+1.32 36.35+0.8
Karpasa
(Gossypium Seed * 11.95+1.21 34.46+1.1 27.82+0.9
herbaceum)
Taamalaki Dried o
(Phyllanthus fraternus) Leaf 45.62+0.8 12.514+11 34.51+1.2
Puuga (Areca catechu) | Seed 19.33+1.13 30.42+1.2 15.1£0.9 471411
Kulattha
(Macrotyloma uniflorum) Seed 36.367+1.12 12.279+1.43 54.91+0.9 5.258+0.9
Vijaya * o o
(Cannabis sativa) Leaf 54.79+1.13

**The herbs were not available in the respective market

Table 5. Calculated Daily Intake of Zinc in Respective Herbs

Herb Name Part Used Estimated Daily Intake (mg/day kg bw)
East West North South

Ajamoda (Apium leptophyllum) Fruit > > 1.33 2.41
Yavani (Trachyspermum ammi’) Fruit 0.90 1.20 1.48 1.03
Dhanyaka (Coriandrum sativum) Fruit 3.11 4.65 3.14 3.52
Haridra (Curcuma longa) Rhizome 1.10 0.90 ** >

Hingu (Ferula foetida) Oleo-gum-resin 0.10 0.14 0.13 0.28
Lavanga (Syzygium aromaticum) Flower bud 0.19 0.28 0.25 0.28
Tvakpatra (Cinnamomum tamala) Leaf 0.60 0.49 0.50 0.44
Upakuncika (Nigella sativa) Seed 2.01 1.00 0.85 0.89
Svetajiraka (Cuminum cyminum) Fruit 3.29 2.78 2.74 3.51
Sunthi (Zingiber officinale) Rhizome 0.77 0.52 ** 1.12
Krsnajirak (Carum carvi) Fruit 1.53 1.56 1.50 1.33
Kantakari (Solanum surattense) Whole Plant ** ** ** 0.45
Candrasura (Lepidium sativum) Seed ** 0.76 ** 0.90
Aswagandha (Witthania somnifera) Root 1.37 0.44 0.48 0.48
Amalaki (Emblica officinalis) Dry Fruits 0.53 1.80 0.60 0.71
Atasi (Linum usitatissimum) Seed 1.25 2.47 3.33 2.02
Arka (Calotropis procera) Root 0.48 0.46 ** 0.11
Arkaparna (Calotropis procera) Leaf 0.80 0.70 0.95 0.55
Apaamaarga (Achyranthes aspera) Whole Plant 0.27 0.36 0.46 0.32
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Argavadha (Cassia fistula) Stem Bark ** 0.19 0.08 0.22
Ashvattha (Ficus religiosa) Bark 0.13 0.23 ** 0.33
Bilva (Aegle marmelos) Stem Bark 0.09 0.39 0.35 0.23
Citraka (Plumbago zeylanica) Root 0.09 > 1.16 0.22
Eranda (Ricinus communis) Leaf 0.37 * * 0.22
Eranda (Ricinus communis) Root 0.44 0.31 0.22 0.10
Eranda (Ricinus communis) Seed 0.67 0.98 1.13 0.98
Gunja (Abrus precatorius) Seed 0.31 0.46 0.58 0.34
Guduci (Tinospora cordifolia) Stem 0.66 2.43 0.60 1.43
Karavira (Nerium indicum) Leaf 1.16 0.40 0.23 0.65
Karavira (Nerium indicum) Root ** 0.19 0.41 0.48
Khadira (Acacia catechu) Heart Wood 0.13 0.24 0.20 0.33
Kanchanara (Bauhinia variegate) Stem Bark 0.25 0.10 0.13 0.22
Karanja (Pongamia pinnata) Seed > 1.1 * 1.68
Karpasa (Gossypium herbaceum) Seed > 0.18 0.53 0.43
Kankola (Piper chubeba) Fruit 0.50 0.26 1.00 0.48
Nyagrodha (Ficus benghalensis) Ariel Root 0.23 0.20 0.20 0.19
Nyagrodha (Ficus benghalensis) Stem Bark 0.21 0.20 0.19 0.30
Pashanabheda (Bergenia ciliate) Rhizome 0.61 0.23 0.71 0.55
Puuga (Areca catechu) Seed 1.49 2.34 1.16 3.63
Taamalaki (Phyllanthus fraternus) Whole Plant 1.36 ** > **
Taamalaki (Phyllanthus fraternus) Dried Root ** 0.72 0.61 o
Taamalaki (Phyllanthus fraternus) Dried Leaf ** 0.70 0.19 0.53
Taamalaki (Phyllanthus fraternus) Stem ** 0.17 0.63 **
Udumbara (Ficus racemose) Fruit 0.90 2.85 1.42 1.45
Udumbara (Ficus racemose) Bark 0.58 0.23 0.19 0.33
Vijaya (Cannabis sativa) Leaf 0.84 > > **
Misreya (Foeniculum vulgare) Fruit 0.46 0.45 0.96 1.96
Jatiphala (Myristica fragrans) Fruit 0.16 0.07 0.1 0.07
Suksmaila (Elettaria cardamomum) | Fruit 1.18 0.40 1.57 1.47
Haritaki (Terminalia chebula) Fruit 0.22 0.22 0.16 **
Tvak (Cinnamomum zeylanicum) Bark 0.22 0.1 0.28 0.14
Kulattha (Macrotyloma uniflorum) Seed 2.80 0.94 4.22 0.40
Babbula (Acacia nilotica) Stem Bark * 0.09 0.06 **
Bilva (Aegle marmelos) Fruit Pulp ** 0.08 0.21 0.27
Aragvadha (Cassia fistula) Fruit Pulp ** 0.11 0.26 0.40
Lodhara (Symplocos racemose) Stem Bark ** ** 0.05 0.03
Asoka (Saraca asoka) Stem Bark > > 0.15 0.07
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remediation measures to reduce contamination
of soil should be practiced.
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Abstract

Schizo-saccharomyces pombe
(S.pombe) has been playing a pivotal role in
biotech industries as a source of glucans; a
biological response modifiers (BRM) and also
been studied as a model strain for recombinant
proteins in molecular biology. Owing to the
presence of > 60% glucans in their cell wall
structure, the present research was designed to
understand the effect of nutrient regulation on
growth of S.pombe (ltalic form to economize the
glucan production. The study was performed
using two different media; yeast extract with
supplements (YES) and yeast extract-peptone-
dextrose (YPD) and the YPD medium was
noticed to be the best and cost-effective for
maximum growth of S.pombe Thereafter, a
sequential optimization studies, starting with one
factor at a time (OFAT) methodology followed
by two step statistical approach Placket-
burmann design (PBD) and Response surface
methodology (RSM) improved the biomass
yield from 14-34.5 g/L (1.5-fold) at shake flask
level. Mass transfer of media components,
temperature, dextrose and yeast extract have

played significant role in metabolism mediated
growth of the S.pombe. The major finding of the
present study is non-significance of peptone in
enhancing the S.pombe biomass. Validation of
the above at bioreactor level with dextrose at
4%, rpm at 200, temperature at 28°C and yeast
extract at 2% increased the biomass yield from
34.5-52 g/L.

Keywords

Schizosaccharomyces pombe, One
factor at a time, Placket-burmann design,

Response surface methodology, Dextrose,
Yeast extract.
Introduction

The genus Schizosaccharomyces

pombe (S.pombe)- ancient fission yeast, is a
unique species of yeast that has been using in
brewing industries since very long time (1). It
is an eukaryote with the shortest genome and
divides by medial fission to produce off springs
of equal size. These characteristics attract the
researchers to use it as a model organism to
study the eukaryotic genetics and molecular
processes (cell cycle) (2) and to produce the
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recombinant proteins (Human lipocortin |,
Human papillomavirus-type-16 and industrial
enzymes) (3). Now a days, S.pombe has been
gaining importance in health sector as a source
of glucans that are used mainly as nutraceuticles
and biological response modifiers (BRM) (4-5).

The S.pombe is a typical yeast
proliferates normally in a haploid state. The cells
are grown by extension of tip to attain a critical
cell length (7-15 ym) which is followed by mitosis
(6). However, under nitrogen limiting conditions,
the growth arrests in G2 phase and diploid
zygote formation occurs due to the conjugation
of opposite cells that can proceed directly to
meiosis and divides into four haploid spores (7).
Therefore, controlling the cell physiology is the
essential factor as it influences the growth state
as well as the yield of the S.pombe biomass.
In general, S. pombe cell physiology depends
on the choice of nutritional components and
culture conditions. It can grow on various
nutrient media including complex and diverse
sporulation-media which can support sexual
differentiation. The rich medium, Yeast extract
with supplements (YES) is the preferable media
for vegetative growth (8).

The  one-factor-at-a-time (OFAT)
approach is the traditional method used to
optimize the process parameters. However, the
drawbacks associated with the OFAT approach
compared to factorial designs, resulted the use
of statistical methods for improved production
yields (9-10). Placket-Burmann design (PBD)
helps in understanding the significance of
each variable and selects the significant
growth parameters in initial scale up studies
whereas the central composite design (CCD)
of response surface methodology (RSM) (11)
assist to understand the combinatorial role of
media components at different concentrations
to improve the productivity. Considering the
above, the present study aimed to recognize
the optimal conditions to improve the S.pombe
biomass using multi-factorial based designs
in sequential manner where OFAT approach
followed by combination of PBD and RSM

analysis to improve the yield of biomass as
well as glucan production followed by validation
at Bioreactor level. This is the first report on
maximization of S.pombe biomass as a source
of glucan.

Materials and methods

The media components such as
peptone, yeast extract, malt extract, dextrose,
agar used in the present study were obtained
from Himedia, India. All chemicals and reagents
used were of analytical grade.

Culture collection
characteristics

and morphological

The glycerol stocks of yeast strain S.
pombe NCIM 3360 were procured from NCL,
Pune. The culture was streaked on MGYP (Malt
extract, Glucose, Yeast extract and Peptone)
agar slants and incubated at 30°C. Further,
the strain was sub-cultured in the same agar
medium slants frequently for maintenance and
preserved at 4°C.

Media and growth conditions

The growth of S.pombe was studied
in different yeast media such as YES medium
(W/V) containing yeast extract 0.5%, glucose
3%, nitrogen bases as described in ATCC
2064and YPD medium (W/V) containing 1%,
yeast extract, 2%, peptone, 2%, glucose at
30°C,and shaking at 200 rpm for a period of 60
hrs. However, further studies were progressed
in YPD medium as it supported the growth of S.
pombe similar to YES medium.

Growth curve

The growth curve of S.pombe was
constructed by measuring optical density at
different time intervals using double beam UV-
Visible spectrophotometer SL 210-Elico at 595
nm.

Morphological characterization

The morphology of S.pombe was
observed by microscopic method using
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Scanning electron microscope (SEM).

Optimization of growth conditions for
S.pombe biomass production

Influence of and nutritional factors by OFAT
approach

The influence of various fermentation
physical parameters such as age of inoculum
(12, 24, 36, 48, 60 and 72 h), incubation
temperature (24, 26, 28, 30, 32, 34 and 36°C),
initial pH of the medium (3,4,5,6, 7 and 8),
agitation speed (120, 150, 180, 200, 220 and
250 rpm) concentration of inoculum (0.5, 1, 2,
3, 4 and 5%) as well as different carbon (1%)
sources (sucrose, dextrose, maltose, fructose,
galactose) and various nitrogen (1%) sources
(peptone, meat extract, yeast extract, malt
extract and beef extract) were investigated by
supplementing one factor at a given experiment.
Based on the optimized condition, further
experiments were performed using best carbon
and nitrogen source in the concentration range
of 1 to 4% at optimized physiological conditions.
Triplicate experiments were performed and the
data represented as mean * standard deviation.

Identification of significant factors by PBD

In the designing phase, A total of nine
variables based on one-at-a-time factorial study
were selected and used. Considering each
factor concentration at OFAT, the higher level
(+1) and lower level (-1) for were selected and
used for this study.

Response surface methodology

Only those factors which showed
significance in the PB design i.e., dextrose,
RPM, temperature and yeast extract were
considered for RSM studies. The CCD design
was developed with four factors and six
replicates at the centre point. The optimum
concentration obtained with the OFAT approach
was considered as 0 code and two levels below
and two levels above were predicted based
on the parameter importance on growth of
the organism; and coded as -2,-1, 0, +1, and

+2. Based on the software input, a total of 31
experiments were conducted and the response
values (Y) were recorded in terms of biomass
yield. The presented yield value is the average
of the triplicates. By this approach each variable
level for maximum response was measured.
Thereafter, an experiment was performed
to verify the validity of the model using the
combination of different optimized variables
in order to yield the maximum response.
Furthermore, the optimized conditions were
evaluated at the level of Bioreactor Biostat B
Plus 2010 (Sartorious).

The experimental results of RSM on
biomass yield was verified by coducting ANOVA
and incorporated into the response surface
regression, using the second order polynomial
equation:

Y = B0 +3 BiXi + T BiiXi2 + X BijXiX]

Here Y represents response (biomass,
g/L), Xi and Xj represent independent variables,
BO is the intercept; Bi, and Bj are linear
coefficients; Bii and Bjj are squared coefficients;
Bij is interaction coefficients and the independent
variables were coded as X171, X3, X7 and X9.
Thus, the second order polynomial equation
can be presented as follows:

y=ﬁ0+B1X1 +B3)(3+B7X7+ﬁ9X9+B11X1X1+
313X1X3 + B17X1X7+ B19X1X9+ BSSXS)(S-'- BS7X3)(7+
BagXXo By XXy + BroXXo* BoXXos

Results and discussion
Growth curve

S.pombe is mostly evaluated as a strain
for alcohol production at industrial sector and
most of the studies are aimed to improve the
alcohol yield rather than improving the biomass
yield. Hencethe presentstudyisaimedtoimprove
the S.pombe biomass and the experiments
were conducted to optimize the biomass growth
under aerobic conditions. It is evident from the
literature that the S.pombe growth was studied
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in YES medium preferably and a few studies
are associated with YPD medium. However,
it was proved that YES medium is highly
effective in S.pombe fermentation studies (8).
By considering the above, in the present study,
the growth of S.pombe was evaluated in YES
as well as YPD media at common physiological
and nutritional conditions. The data revealed
that both the media supported the growth of
S.pombe in comparable manner; the biomass
yield was observed to be 13.5 g/L and 14 g/L
with YES and YPD media respectively. The cost
effective analysis of the both media components
revealed that YES ($127/ 500g) medium is all
most a three-fold higher in cost compared to
YPD ($ 45/500g) medium indicating YPD is
the best economic media for S.pombe biomass
production at industrial sector. Since glucan is
the major component (>60%) of S.pombe cell
wall, the optimization of YPD media components
has been the next promising step to reduce the
glucan production cost by improving the yield of
S.pombe biomass. Furthermore, it is apparent
to understand the effect of fermentation

parameters (physiological, nutritional and
biochemical) on the growth of S.pombe.
S. pombe growth curve
10
a
5]
g
:
'F"; 0.1
2
5
0.01
e} 10 20 30 40 50 60 70 80
Time/hrs
Fig. 1:S. pombe growth curve in YPD
medium.

The growth curve of S.pombe in YPD
medium is represented in (Fig 1). It is evident
from the data that the growth of S.pombe has a
lag phase of 0 to 6 hrs followed by 6 to 40 hrs
log phase, thereafter the culture entered slowly
into stationary phase. Critical observation of
the growth pattern at log phase further denoted

that it is bi-phasic in nature; initial fast growth
phase (6-12hrs) followed by the second slower
growth phase (12 to 40 hrs). This is further
evidenced from the growth curve doubling time
which was observed as 3.02 hrs at initial fast
growth phase, while the same was noticed to
be 16.07 hrs at second slower growth phase
suggesting nutritional imbalance during the log
phase of growth. Further, the specific growth
rate (R) was observed to be 0.331/hr and
0.062/hr for faster and slower growth phases
respectively. The above data is an indicative of
influence of nutrient concentration on growth
of S.pombe (12).This data is in accordance
with the observations noticed by Hayles and
Nurse (13) where the authors explain that,
initial fast growth phase represent the growth
of S. pombe through vegetative reproduction
(fission) and the second slower growth phase
may be associated with meiosis. To evaluate
the same, the SEM analysis was performed to
understand the morphological nature of the S.
pombe cells during log phase at initial fast and
slower second log phase. (Fig. 2) clearly is an
indicative for difference in reproductive pattern
(fission type at initial fast log phase (Fig. 2a) and
meiosis type at slower second log phase (Fig
2b) regulated by nutritional status of S.pombe
growth environment.

Fig. 2: SEM image of S. pombe: a) Fission b)
Meiosis.

Effect of bioprocess parameters on S.pombe
biomass

Any microbial growth is influenced
by the fermentation factors and growth of
the organism significantly varies based on
nutritional status of the medium (14-15) as
well as each microbial strain is unique in their
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Fig. 3: Effect of physical parameters A) pH B) Temperature C) Age of inoculum D) Agitation speed

E) inoculum concentration on S. pombe biomass.

growth requirements. Considering the above,
the growth of S.pombe in terms of biomass
yield was evaluated by varying physiological,
biological and nutritional parameters one at a
time at different experimentation conditions.

Effect of temperature on S. pombe biomass

Incubation temperature play vital role
in growth and metabolite production in every
microbe. Mostly fission yeast cells can grow
between the temperature ranges of 18 to 37°C,
however, the growth at 37°C or below 20 °C is not
ideal for growth (8). Nevertheless, this feature
may not be uniform to all strains. Therefore, the
effect of incubation temperature on S.pombe
growth was studied between the temperature

ranges of 24 to 34°C. From the experimental
results, the optimum temperature for the
maximum biomass production (14.4+0.03) was
noticed to be 30°C

Effect of inoculum
S.pombe growth

concentration on

The inoculum concentration is another
principal factor which controls the growth state
of S. pombe. In any microbial growth its effect on
growth and metabolite production is significant
as inoculum concentration is low, if the culture
exhibit longer incubation time and if it is high,
there is shorter incubation time these results
in faster increase in biomass which ultimately
leads to nutrient limitation that effects the product
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formation. However, in the case of S.pombe
the nutrient limitation arrests the growth in G,
phase and inhibits the mitosis (16).Hence, the
effect of inoculum concentration on the growth
of S.pombe biomass was studied by inoculating
the 24 hrs culture at different concentrations (0.5
to 5%). After 60 hours of incubation at 30°C the
wet biomass was collected and weighed. The
results suggested that growth of biomass was
increased from 0.5 to 1.0% inoculum; thereafter
the biomass concentration did not show any
improvement or remained constant may be due
to nutrient limitation.

Effect of initial pH

The medium pH is one of the significant
factors that influence the microbial growth
mostly by modulating the membrane transport
of different nutrient and physiological growth
factors. It has been reported earlier that the
optimum pH for the growth of yeast is reported
between 4.0 to 5.0. Here, the effect of pH on
S.pombe at 30°C was investigated at the pH
range of 3.0 to 8.0 with an increment of 1 pH
unit for 60 hours. The results from the study
suggested that biomass yield was increased
from pH 3 to 6, there after the yield was constant
over a broad pH range (6.0 to 8.0). However,
a variable trend was reported by Meena et al.
(2014), where the growth rate of S.pombe in the
absence of malate was constant over a broad
pH range of 3 to 8 indicating the nutritional
parameters especially carbon source do control

Effect of carbon source on S.pombe biomass A

18

-

Biomass (gms)

Sucrose Dextrose Maltose Fructose Galactose

Carbon source

the growth of S.pombe (17).
Effect of agitation speed

The agitation speed of the incubation
plays a majorrole in the mass transfer of gaseous
elements and other fermentation components
throughout the culture growth. This impacts the
uniform supply of oxygen to the cell culture and
leads to appropriate growth rate. The growth
of S.pombe at different rate of agitation 120 to
250 rpm was studied and results were given in
the (Fig.3). From the (Fig. 3) it was evident that
200 rpm is the optimum for maximum biomass
production which is found to be 14.9+ 0.051 g/L.

Effect of different carbon sources

The glucose is the simplest and easy
metabolizable carbon source for most of the
microbial cells and routinely using carbon
source in growth of S.pombe. However, it can
also use glycerol, sucrose, raffinose, maltose as
an energy source (18). Su et al in 1996 explored
that absence of glucose arrest the cell division
indicating strain dependent variation of growth
parameters (12). Considering the above, the
effect of different carbon sources like sucrose,
fructose, dextrose, maltose and galactose at
different concentrations (1 to 4%) were studied.
However, the maximum biomass was obtained
at 3% concentration of dextrose (17+0.03 g/L)
(Fig 4). This result mimics the reports of dextrose
effect on ATP production by S.pombe (19).

Effect of nitrogen source on s.pombe biomass B
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Fig. 4: Effect of nutritional factors A) Carbon source B) Nitrogen source on S. pombe biomass.
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Effect of nitrogen source and yeast extract

The nitrogen plays a significant role
in the cellular processes such as growth and
metabolite production of microbes. Each distinct
nitrogen source induces significant fluxes
through the TOR (expand) and Sty1 growth
control pathways to alter the architecture and flux
of most cellular processes. Similarly, S.pombe
growth is also influenced by different nitrogen
sources. It is reported that all promote the cell
proliferation, but the rate is distinct for different
nitrogen sources (20). However, the absence of
nitrogen source will arrest the growth in G, phase
and stops the proliferation (21). Therefore, the
present study assessed the influence of various
nitrogen sources like peptone, malt extract, beef
extract, meat extract on the S.pombe growth at
different concentrations (1 to 4%). Among the
different nitrogen sources peptone showed
maximum biomass production (17.5+0.5 g/L) at
3% concentration and thereafter the yield was
decreased (Fig 4).

The yeast extract can also used as a
complex source to enrich the culture medium
with some trace elements and growth factors at
low cost to promote the growth of yeast (22).
Hence, the effect of yeast extract on S.pombe
was studied at different concentrations ranging
from1 to 4%. From the results, it was concluded
that yeast extract at the concentration of 1% has
given higher yield (13.00 g/L) (Fig 5). The result
was in accordance with the report of Perez et al.

1.6 - Effect of yeast extract on s.pombe Diomass
1.4 -

1.2

1
08
0.6
04
0.2

o . . .

1 2 3 4

%o of yeast extract

Yield (gms)

Fig. 5: Effect of yeast extract on S.pombe
biomass.

(1992) where the effect of yeast extract on growth
was influenced by the concentration of glucose.
As the concentration of glucose increases, the
yeast extract could increase the biomass at
low concentration (1%) after that it could not
support. However, the absence of yeast extract
could not support the growth. Considering the
above, it has concluded that yeast extract is one
of the essential requirement for the growth of
S.pombe upto limited concentration only (23).

Selection of significant variables by PBD

Based on the above studies, a total nine
variables, i.e., physical parameters such as %
of inoculum, age of inoculum, temperature, pH,
incubation time and agitation speed as well as
nutritional parameters such as dextrose, peptone
and yeast extract were found to be effective in
S.pombe growth. Considering the above and to
understand which are the significant factors that
influence the S. pombe biomass production, all

Table 1: Experimental variables at different levels used for the production of S. pombe biomass

using Plackett—burmann design.

Variables Units Symbol codes Experimental valu.es
Lower Higher
Temperature °C X1 28 32
pH X2 5 7
RPM - X3 150 2
Age of inoculum Hrs X4 36 60
% of inoculum Ml X5 0.5 2
Time of growth Hrs X6 36 60
Dextrose % (W/v) X7 2 4
Peptone % (W/V) X8 2 4
Yeast extract % (W/v) X9 0.5 2
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Table 2: Plackett-burmann design for growth studies of S. pombe and yield of the biomass for

corresponding trail.

Run X1 X2 X3 X4 X5 X6 x7 | x8 X9 Biomass (gm/100ml) (Y)
order Experimental Predicted
1 32 5 200 | 36 0.5 36 4 4 2 2.80 2.88
2 32 7 150 | 60 0.5 36 2 4 2 2.13 2.04
3 28 7 200 | 36 2 36 2 2 2 1.93 2.13
4 32 5 200 | 60 0.5 60 2 2 0.5 2.09 2.29
5 32 7 150 | 60 2 36 4 2 0.5 2.64 2.74
6 32 7 200 | 36 2 60 2 4 0.5 2.42 2.22
7 28 7 200 | 60 0.5 60 4 2 2 3.10 2.91
8 28 5 200 | 60 2 36 4 4 0.5 2.75 2.66
9 28 5 150 | 60 2 60 2 4 2 1.86 1.95
10 32 5 150 | 36 2 60 4 2 2 2.95 2.86
11 28 7 150 | 36 0.5 60 4 4 0.5 2.13 2.32
12 28 5 150 | 36 0.5 36 2 2 0.5 1.83 1.63

the above effective factors and their initial test
ranges were studied and these factors were
further subjected to statistical optimization
by using PB design to identify the significant
variables (Fig.6). All nine variables, each at two
levels (lower and higher) were selected for the
experimentation. The statistical designing tool

Pareto Chart of the Standardized Effects
(response is % biomass, a = 0.05)

Term 2.06

actor  Name
Temp

“rIaTmmonw>»

Yeast extract

® I m m O < » a 6

0 2 4 6 8 10 12
Standardized Effect

Fig. 6: Pareto chartforestimation of standardized
effect of variables.

(P value) of each variable was determined using
Student’s t-test.

The data obtained by PBD
experimentation indicated two-fold increased
wet biomass (31g/L) than traditional OFAT
(17 g/L) (Table 1; Run order 7) which also
further confirmed by validation experiment.
The efficiency of the model was evaluated,

Mintab 18 version used to design the experiment.
(Table 1 and 2) represent the design of the
experiment (variable name, symbol code, and
level of variables. The principal effect of each
variable on the biomass yield was calculated
by difference between averages of higher and
lower level measurement. The significance level

Table 3: Estimated effects and coefficients for S.
pombe biomass (g/l).

Term Effect Coef | T-Value | P-Value
Constant 2.3846 73.44 0.000
Temperature 0.2401 0.1200 3.70 0.001
pH 0.0104 | 0.0052 0.16 0.874
RPM 0.2596 | 0.1298 4.00 0.000
Age of 0.0928 | 0.0464 143 | 0.165
L?ocfulums

70 0.0803 | 0.0401 1.24 0.227
inoculums

Time of 0.0778 | 0.0389 120 | 0.241
growth

Dextrose 0.6859 | 0.3430 10.56 0.000
Peptone -0.0768 | -0.0384 -1.18 0.247
Yeast extract 0.1497 | 0.0749 2.31 0.029

and the statistically significant variables were
further reassured via student’s t-test by ANOVA
(Table 3). From the (Table 3), it has been
concluded that the factors representing P <
0.05 were considered as significant factors for
the production of biomass and further subjected
for optimization studies. Dextrose, agitation
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speed with a probability value of 0.000 and
temperature, with a probability value of 0.001
were considered as more significant followed by
yeast extract (0.029).

The Pareto chart demonstrated
influence of each factor represented by alpha
value equals to 0.05 i.e., 95% of confidence level
and 8 degrees of freedom and t-value (equal
to 2.06). The degree of each effect represents
the length of the column. In the present study
dextrose, revolution per minute, temperature
and yeast extract, revealed a significant effect
on biomass yield and subjected for further
optimization while age of inoculum, incubation
time, pH, peptone and % of inoculum did not
show any significance.

Main Effects Plot for % biomass
Data Means

Temp. pH pm age of inoculum % of inoculum

Fig. 7: Main effect plot for S. pombe biomass
production.

Further the results of the main effect
plot (Fig 7) indicated that dextrose at the highest
level has a major effect on biomass yield
whereas temperature, rpm and yeast extract
were significant at lower level while pH, % of
inoculum, age of inoculum, incubation time and
peptone did not show any significant role on the

biomass yield.

Optimization of significant variables using
RSM

Considering significant factors observed
by PBD, further optimization studies i.e.,
interaction between significant variables and
their optimum levels for maximum production
was studied by the statistical design RSM using
CCD design. A quadratic model consisting of 31
trials were applied for experimental studies. The
significant variables selected for this purpose
include: dextrose, RPM, temperature and yeast
extract were represented in (Table 4).

The design and results (mean
predicted values) of RSM experiments were
shown in (Table 5). The ANOVA data (Table
6) indicated that the most of the model terms,
were significant (represent P < 0.05), except
a few insignificant terms like, X,* X, X,* X,,
X* Xy, X" X, and X;* X, Further, it explores
a significant linear effect of dextrose, yeast
extract and temperature (P < 0.001) than the
rpm. These results inferred a direct relationship
between the concentration of the carbon,
yeast extract with respect to a temperature in
biomass production. Furthermore, the higher F-
and P-values (<0.0001) and lack of fit (0.000)
indicated the suitability and good fit of the model
for the present study (Table 7). The calculated
regression equation (express the response,
biomass production (Y) by S.pombe) coefficient
values were found to be following second-order
polynomial equation.

Yield = 2.88952 + 0.36472 X, - 0.16639 X, +
0.06361 X, + 0.11861 X,-0.10092 X,X,-0.10092
X, X,-0.02842X, X, -0.11176 X, X, + 0.07375X,

Table 4: Experimental codes, range of levels of independent variables for RSM experiment.

Variables soﬁe': bol > - Rang: of Ieve:-s1 i
Temperature X1 26 28 30 32 34
RPM X3 125 150 175 200 225
Dextrose X7 1 2 3 4 5
Yeast extract X9 0.5 1 1.5 2 25
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Table 5: CCD matrix with experimental values of biomass production from S. pombe

Biomass (Y)
StdOrder X7 X3 X1 X9 (2/100ml)
Experimental Predicted

1 2 150 28 1 2.24 2.31
2 4 150 28 1 3 2.83
3 2 150 32 1 1.87 1.83
4 4 150 32 1 2.6 2.65
5 2 200 28 1 2.23 2.04
6 4 200 28 1 2.73 2.73
7 2 200 32 1 2.05 2.01
8 4 200 32 1 2.84 3.0
9 2 150 28 2 3.09 2.71
10 4 150 28 2 2.95 3.18
1 2 150 32 2 1.61 1.78
12 4 150 32 2 2.58 2.55
13 2 200 28 2 2.48 2.68
14 4 200 28 2 3.45 3.26
15 2 200 32 2 2.18 2.13
16 4 200 32 2 2.96 3.07
17 1 175 30 1.5 1.62 1.75
18 5 175 30 1.5 3.32 3.25
19 3 175 26 1.5 2.6 2.82
20 3 175 34 1.5 2.34 2.15
21 3 125 30 1.5 2.62 2.65
22 3 225 30 1.5 2.89 2.91
23 3 175 30 0.5 2.15 2.21
24 3 175 30 25 2.71 2.76
25 3 175 30 1.5 2.91 2.89
26 3 175 30 1.5 29 2.89
27 3 175 30 1.5 2.85 2.89
28 3 175 30 1.5 2.96 2.89
29 3 175 30 1.5 2.84 2.89
30 3 175 30 1.5 2.86 2.89
31 3 175 30 1.5 2.85 2.89

X, +0.04375 X, X, — 0.01208X, X, +0.11042 X, =87.00%

X, -0.11292 X, X, + 0.04292 X, X,
S = 0.163560 PRESS = 3.17079
R-Sq = 88.98% R-Sq(pred) = 83.25% R-Sq(ad))

The Fisher’s test helps to evaluate the statistical
significance of the model- equation and term.
The coefficient of determination (R?)
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Table 6: Analysis of variance (ANOVA) for quadratic model.

Source DF Seq SS Adj SS Adj MS F P
Regression 14 16.8473 16.8473 1.20338 44 .98 0.000
Linear 4 12.8752 12.8752 3.21881 120.32 0.000
Square 4 2.3265 2.3265 0.58162 21.74 0.000
Interaction 6 1.6456 1.6456 0.27426 10.25 0.000
Residual Error 78 2.0866 2.0866 0.02675

Lack-of-Fit 10 1.5467 1.5467 0.15467 19.48 0.000
Pure Error 68 0.5400 0.5400 0.00794

Total 92 18.9339

the adjusted R? values were determined to
understand

The quality of fit (second-order
polynomial model equation) which was
expressed in three-dimensional surface
plots. These plots aid to study the interactive
relationship between the responses and each
variable experimental level utilized in this
experiment in terms of biomass production.

The regression equation also displayed
the R? [multiple correlation coefficient] value
as 0.8898 which is an estimate of the fraction
of the overall variation in the data whereas
the ‘adjusted R? is 87%. This suggested the
capability of model which can explain the 88.98
% of the variation in response as well as fitness

of the model (For a good statistical model, the
R? value should be in the range of 0 to 1.0),
The closer the R? (near to 1.0), the stronger
the model and the better in the prediction of the
response (10).

Contour Plots of Yield

Fig. 8: Contour plots for S.pombe biomass

optimization.

Table 7: Model coefficient estimated by multiple linear regressions.

Term Coef SE Coef T P

Constant 2.88952 0.03569 80.958 0.000
X7 0.36472 0.01928 18.921 0.000
X1 0.16639 0.01928 -8.632 0.000
X3 0.06361 0.01928 3.300 0.001
X9 0.11861 0.01928 6.153 0.000
X7T*X7 -0.10092 0.01766 -5.715 0.000
X1*X1 -0.10092 0.01766 -5.715 0.000
X3*X3 -0.02842 0.01766 -1.610 0.112
X9*X9 -0.11176 0.01766 -6.329 0.000
X7*X1 0.07375 0.02361 3.124 0.003
X7*X3 0.04375 0.02361 1.853 0.068
X7*X9 -0.01208 0.02361 -0.512 0.610
X1*X3 0.11042 0.02361 4.677 0.000
X1*X9 -0.11292 0.02361 -4.783 0.000
X3*X9 0.04292 0.02361 1.818 0.073
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Two-dimensional contour plots showed
in (Fig. 8), denote the interaction effect of each
independent variable against the biomass yield.
For example, contour of glucose (x-axis) and
temperature (y-axis) helps in evaluating the
contributory role of these two factors at different
concentrations on biomass production (>3
g/100 ml) (Fig 8). It also elucidates the direct
interaction between dextrose and temperature
in maximum biomass production which is further
evidenced by their p-value of 0.003 (Table 6)
which is significant. Simultaneously, the (Fig.
8) also depicts the significant interaction of
temperature with rpom and yeast extract (Table
6). The surface in the other plots indicates that
there is no interaction between other factors.
Finally, the physical and nutritional parameter
variation effect on S.pombe biomass production
was depicted in (Table 7). It describes the step-
by-step improvement of biomass production,
where the initial yeast extract-peptone-glucose
medium composition by using OFAT method
has given the yield of 17 g/L followed by the
statistical optimization (PBD & RSM) which
yielded 34 g/L. At this step a 2.5-fold rise in
biomass production explains the importance of
statistical methods to achieve the higher yields
of biomass compared to conventional OFAT
method.

Validation of model

From the studies it was evident that the
experimental biomass production of 34.5 g/L
was produced where as predicted value was
32.6 g/L. This indicates a strong agreement
between experimental values and predicted
values. The optimum levels of tested variables
were determined as dextrose (4%), rpm (200),
temperature (28° C) and yeast extract (2%).
Furthermore, the model was validated by
repeating the experiment three times at optimum
conditions. This results a biomass yield of 35
g/L, thus proving the validity of the model.

Verification of statistical model by 5L
Bioreactor

The optimized levels of significant

variables obtained by RSM were examined
using 5L Bioreactor with working volume of
3L. The maximum biomass concentration
of 52g/L was produced with in the 10hrs,
whereas, the shake flask method produced
34g/L within 60hrs of incubation. This might be
due to the oxygenation (0.75vvm) which could
resulted in rapid growth rate and high biomass
concentrations of S.pombe in bioreactor. The
same type of effect was observed on S.pombe
in an ethanol production. From the study, it was
evident that aerated cultures were shown higher
growth rates in comparison to non-aerated
cultures (17).

As several researchers have studied
on the growth kinetics of S.pombe in relation to
ethanol production (17), the studies to improve
the biomass were not performed earlier. The
present study focused on the optimization
studies of S.pombe to improve the biomass
yield which in turn increases the yield of glucans
(Table 8). From these studies, the production
media under optimized conditions was designed
to have only yeast extract (2%), dextrose (4%)
which replaces the commercially used media
for the growth of yeast (YPD). Therefore, the
production cost of the media for biomass was
reduced and that simultaneously reduces the
cost of glucan production. Eventhough, the
glucans were extracted from different species
of higher fungi (Lentinus edodes, Ganoderma
lucidium) (24-25), the simplest structure and
rapid growth of S.pombe under laboratory
conditions will reduce the production cost of
glucans compared to higher fungi which require
variable environmental conditions for their
growth.

Conclusion

To improve the vyield of glucan
economically, biomass yield should be improved
at low production cost. This can be achieved
only by using optimization studies of growth
as it is directly proportional to yield of glucan.
Gene manipulation could not be suitable for
economization of glucan production as it is a
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Table 8: An overview of step-wise progress in S. pombe biomass concentration under batch
culture conditions.

i 0,
Mthgd ' of Physical parameters Nutritional parameters % (w/v) Biomass (g/L)
optimization
30°C, 150 rpm, 1% inoculum, o o
OFAT 48hrs of age of inoculum, pH g)e(t);ggts_?;? %, Peptone-2%, Yeast | ;
-6, 60hrs of incubation time o
28°C, 200 rpm, 05 %
Plackett- |inoculum, 60 hrs of age of | dextrose-4%, Peptone-2%, Yeast 31
Burman design | inoculum, pH-7, 60hrs of | extract-2%,
incubation time
Response | 28°C, 200 rpm, 0% inoculum,
s ur fa c e| 48hrsofageofinoculum, pH- | dextrose-4%, Yeast extract- 2%, 345
methodology 7, 60hrs of incubation time
26°C, 175rpm, 0.5% inoculum,
Bioreactor 48 hrs of age of inoculum, pH- | dextrose-4%, Yeast extract- 2%, 52
7,0.75 vvm

structural component of cell wall. Therefore, the
present combination of statistical optimization
and scale up studies could plays a significant
role in the maximum production (52g/L) of
biomass using S.pombe which was three fold
raised compared to OFAT studies (17g/L).
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Abstract

Novel synthesis of isatin-thiazole phar-
macophores was developed which involves
condensation of isatin or halo substituted isat-
ins with phenyl hydrazine, 2-hydrazino-benzo-
thiazole or 2-hydrazino-4-phenyl benzothiazole
yielded the corresponding hydrazones which on
further di-benzylation or di-methylation yielded
1,2’-dibenzyl or 1,2’-dimethyl substituted hydra-
zones. Furtherisatin or 7-Chloroisatin on con-
densation with 1,2-diaminobenzene yielded cor-
responding 6H-indolo2,3-bquinoxalines. One of
the compound 1-benzyl-5-bromo-7-chloroin-
doline-2,3-dione (23) shows cytotoxicity activi-
ty against breast cancer cell line (MCF7) with
IC,, value 27.23 + 3 uM and also in colorectal
cancer cell line (CT26) with IC value 17.7 + 8
MM, which was comparable to that of standard
Doxorubicin.

Keywords: Halo substituted isatins, Phenylhy-
drazine, 2-hydrazino benzothiazole, 6H-indolo
2,3-bquinoxalines, MTT ASSAY.

Introduction

Although there is considerable advance in the
field of combinational chemistry related to drug

discovery, the success rate of generating new
leads is yet to be achieved. Therefore, there is
a necessity to explore focused set of library of
compounds starting from therapeutically active
heterocycles and make step by step modifica-
tions or design hybrid pharmacophore hetero-
cyclic —heterocyclic analogs to make promising
molecules.

Isatin (Indolin-1H-2, 3-Dione) is the most prom-
ising heterocyclic molecule from the point of
exhibiting biological activity. In the past sever-
al modifications of isatin molecule were syn-
thesized to study their biological activity. It
has chemically three reactive centers, 1-NH,
3-carbonyl and in some reactions 2-carbonyl
also. Due to electrophilic character of 3-carbon-
yl group, isatin or its halo substituted on ben-
zenoid ring have been transformed to 3-sub-
stituted-indolin-2-ones like 3-imines (Schiff's
bases), 3-hydrazones which on further Mannich
reactions by using formaldehyde and second-
ary amines like diethyl amine, piperidines, mor-
pholines yielded 1-substitueted Mannich bases
-3-imines/3-hydrazones. Alternatively, isatins
were subjected first to Mannich reaction at po-
sition 1- of isatin and then 3-imines (schiff bas-
es)/3-thiosemicarbazones or 3-arylhydrazones
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were prepared (1-3).

Many of such isatin analogues were reported
to possess anti-bacterial (4), anti-fungal (5,6),
anti-viral (7), anti-HIV (8), antihelmintic (9), an-
ti-inflammatory (10) and anti-convulsant (11).A
novel isatin derivative 6-butyl-9-fluoro-2,3-di-
methyl-6H-indolo-2,3-b quinoxaline, obtained
by the condensation of 7-fluoro-1- butylisatin
with  1,2-diamino-3,5-dimethylbenzene  dis-
played significant in-vitro cytotoxicity against
HelLa cells (human cervical cancer cells) (12).

IsatinMannich bases and Schiff bases ana-
logues, obtained .by condensation of Isat-
in-1- Mannich bases with 2-amino -1- methyl
benzothiazole were synthesized and studied
for anti-breast cancer activity. For example,
9-chloro-1-dimethylaminomethyl-3-(6-methyl-
enzothiazol-2-yl imino)-1,3-dihydro-indol-2-one
had the highest activity (13). A spiroisatin de-
rivative, 3H-spiro1,3-benzothiazole-2-3’-indol-
2'(1’H)-one obtained by the condensation of
isatin with 2-aminothiophenol showed antican-
cer activity (14). Very recently, after our work
was completed the synthesis of spiroimidazopy-
ridineoxindoles multicyclic spirooxindole pyrans
and etc., were reported (15,16). Thus synthetic
modification of isatin skeleton continues to draw
the attention of the chemists and biologists.

Result and Discussion

In recent year’s pharmacophore heterocyclic—
heterocyclic hybrids gaining importance as
practical medicinal agents. For example, sev-
eral “NIBS” anti-cancer agents are now avail-
ablecommercially. Cytotoxicity evaluation of
several heterocyclic compounds for their activ-
ity against breast cancer cell line and colorec-
tal cancer cell line are also in progress. NIBS
contain two or more than heterocyclic hybrids
connected through N=N, NH-NH, =N-NH, -O-
CH2, NH-C and also contain aromatic rings.
Some examples are imatinib, erlotinib, dasati-
nib and importantly sunitinib. Sunitinib featured
isatin ring substituted at position-3. For testing
biological activity, N-Mannich bases and 3-Aryl-
hydrazones are common but N-alkyl, N-benzyl

isatins with substituted 3-aryl- or heteryl- hydra-
zones do not seem to have been investigated.
Therefore, in the present study, 2-hydrazino-
benzothiazole, 2-hydrazino-4-phenylthiazole or
phenyl- hydrazine and further the resulting 3-hy-
drazones were successively condensed with 2
moles of benzyl bromide or methyl iodide was

studied (Figure 1).
e
H 9

S

4

s

3
N-

@ ﬂ -
R, 7&;@
s

Fig 1: Isatin analogues

The condensation of isatin with heterocyclic
hydrazines does not seem to have explored.
Benzothiazoles are also well known to exhibit
various biological activities. Benzothiazole skel-
eton show various biological activities such as
analgesic (17), antitubercular* (18), antibacterial

(19) activities.
3

9) R=Cl, R'=H

N

\@g/;

0

DMF reflux DMF reflux
2 -hydrazinylbenzo

[dthiazole

Ph\ HNH,

\@j;

4) R=R'=H 1) R=R'=H 7) R=R'=H
5 R=CL;R'=H 2) R=CLR'=H 8)* R=CL;R'=H
6) * R=R'=Br 3) R=R'=Br

Scheme 1: Synthesis of hydrazone derivatives
of substituted isatins (*not isolated. The crude
compound is used for next step).
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The several structural variants developed as a
result of this study are (2)-3-(2-(benzodthiazol-
2-yl)hydrazono)indolin-2-one, (Z)-7-chloro-3-(2-
(4-phenylthiazol-2-yl)hydrazono)indolin-2-one
and (E)-3-(2-phenylhydrazono)indolin-2-one
were obtained by successive condensation of
isatin (or halo substituted isatins) with 2-hydra-
zino benzothiazole, 2-hydrazino-4-phenyl-thi-
azoles or phenyl hydrazine ( Scheme 1).

g & =

>/

R'. / “CHj3 R A R’ 4
CH,1, DMF 0 CollsChiBr DMF o
N o K2CO03, r. N - N’
H
o e
R

49 R=R'=H

5 R=CLR'=H
/
o (Hl DMF O CalisCHybr DU
KZCO] .....
CH

6)* R=R'=Br
7 R=R'=H
8)* R=CLR'=H

E RN

N
\@: o CellsgisBr. M m

19) R= C]R H

13) R=R'=H
14) R=CLR'=H

17) R=R'=H
18) R=CLR'=H

lS)RR =H
16)* R=CLR'=H

, Xtu3
CH , DMF
KZCOJ

200 R=CLR'=H 9)* R=CLR'=H

Scheme 2: Synthesis of methylated or benzyl-
ated derivatives of isatin hydrazones.

In these compounds isatin-benzothiazole phar-
macophores are connected through -C=N-N-H
group. Further these compounds were di-ben-
zylated or di-methylated at the two available -NH
groups to yield novel compounds (Scheme2).

Thus condensation of isatin with phenylhy-
drazine yielded isatin -3-phenylhydrazone
(20) which on reaction with 2 moles of benzyl
bromide vyielded (E)-1-benzyl-3-(2-benzyl-2-
phenylhydrazono) indolin-2-one.  Likewise,
(2)-1-methyl-3-(2-methyl-2-phenyl hydrazono)
indolin-2-one was synthesized in good yield
(Scheme-2). Further starting from 7-chloro isat-
in the corresponding (Z)-7-chloro-1-methyl-3-(2-

synthesized (Scheme-2). The condensation of
7-chloroisatin-2-hydrazinobenzothiazole with 2
moles of benzyl bromide or 2 moles of methyl
iodide furnished (E)-3-(2-(benzodthiazol-2-yl)-
2-benzylhydrazono)-1-benzyl-7-chloroindolin-
2-one or (Z)-3-(2-(benzodthiazol-2-yl)-2-meth-
ylhydrazono)-7-chloro-1-methylindolin-2-one
respectively, were described. Scheme 2 also
depicts the synthesis of (E)-3-(2-(benzodthi-
azol-2-yl)-2-benzylhydrazone)-1-benzyl-5,7-di-
bromo indolin-2-one.

In  'H NMR of (E)-3-(2-(benzodthi-
azol-2-yl)-2-benzylhydrazono)-1-benzylin-
dolin-2-one, the aromatic protons resonated at
0=7.76 (dd, J=11.1,7.9 Hz, 2H), 7.64 (dd, J =
7.6, 0.7 Hz, 1H), 7.39 (id, J = 8.2, 4.9 Hz, 1H),
7.32-7.22 (m, 6H), 7.22-7.14 (m, 6H), 7.03 (td, J
=7.6,0.9 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H). Two
N-CH, at 6 = 6.57 (s, 2H), 4.92 (s, 2H). In "*C
NMR, 1-N-CH,-Ph carbon atoms resonate at &
= 43.7 ppm and 2-(2’-N-CH,-Ph) carbon atom
at & = 56.5 ppm. Isatin 2C=0 at 6 170.9 ppm,
thiazole ring C=N at & = 151.9 ppm and 3C=N
of isatin at d = 157.3 ppm. The aromatic carbons
found in the region of & = 108.8 to 141.5 ppm.

Isatin and 7-Chloroisatin (21) are available in
our Laboratory. Further 2-hydrazinobenzothi-
azole (22), 2-hydrazino-4-phenylthiazole (23)
and 5,7dibromoisatin (24) are also synthe-
sized as per literature procedure (Scheme-1).
7-chloro-5-bromo isatin (25) was synthesized by
bromination of 7-chloroisatin (Scheme—3).

Br.
\@ \(P\Jf/ﬁ O DM reflax
N
H
24)

) R= DR=R'-H 21) R=CI;R'=Br
2 R= lR=H 2)R=CR'=H

DMF, reflux
1,2-Diaminoben;

CoHCH,Br | CH,I

DMF> K2CO3 't
C4H;CH,B!

26)R=CLR'=H

Scheme 3: Synthesis of methylated or benzyl-
ated derivatives of isatin and 6H-indolo 2,3-bqui-

IR @R 2 RIIGN A FIRFPAS b RRDis MBS omo-7-chloro-1-benzyl isatin or 5-bro-
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Table 1: Synthesis of hydrazone derivatives of substituted isatins, methylated or benzylated
derivatives of isatin hydrazones, methylated or benzylated derivatives of isatin and 6H-in-
dolo2,3-bquinoxalines.
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mo-7-chloro-1-methyl isatin were shown. Fur-
ther fused isatin-quinoxalines were synthesized
as shown in scheme-3. Thus isatin or 7-chloroi-
satin were condensed with 1,2-diaminoben-
zene (OPDA) to yield fused isatin-quinoxalines,
6H-indolo2,3-bquinoxaline or 7-chloro-6H-in-
dolo2,3-bquinoxaline respectively. To our knowl-
edge only one such compound was reported
earlier '2.In Isatin-quinoxaline fused compound,
6H-indolo2,3-bquinoxaline, in *C NMR, two C=N
appeared at & = 145.2, 143.2 and 3C=0 which
normally appears at & = 158 is absent. This con-
firms the compound is a fused one. Rest of the
aromatic protons appeared at & =139.4, 139.3,
137.9, 130.0, 128.0, 127.4, 126.5, 124.8, 121.3,
119.6, 118.4 and 111.0.

The typical methods of synthesis of various
compounds are given in experimental and in
supplementary information. In table 1 the struc-
tures and yields are given after chromatography.

"All products were characterised by 'H, *C NMR,
IR and ESI-HRMS spectroscopic techniques

CYTOTOXICITY EVALUATION

Table 2: 1C, values of different isatin derivatives
Compound No. MCF7 CHO
4 >50 >50
7 >50 3416
10 >50 >50
13 >50 >50
15 >50 >50
17 >50 >50
18 >50 >50
21 >50 >50
22 34+5 29+4
23 115 105
25 >50 >50
26 >50 >50
Doxorubicin

The inhibitory efficienty (IC,, values) was
tested for all hydrazone derivatives of substitu-
ted isatins, methylated or benzylated derivatives
of isatin hydrazones, methylated or benzylated
derivatives of isatin and 6H-indolo2,3-bquinoxa-

lines against a panel of two different cancer cell
lines such as MCF7 and CT26. This experiment
was performed with a positive control in both
the cell lines. The results are as follows shown
in the following table 2. From the above results
we can conclude that compound 23 is cytotoxic
on cancer cell lines such as CT26 which is a
colorectal cancer and MCF7 which is a breast
cancer cell line.

Table 3: IC,, values of compound 23 against
MCF7 and CT26

Cell Line |IC,, of Compound | IC,; of Doxorubi-
23 cin
(M) (M)

MCF7 27+3 8.067+0.3

CT26 1748 7.099+1.43

Table 3 showed the IC, values of compound 23
against cancer cell lines such as MCF7 which
is a breast cancer cell line and CT26 which is a
colorectal cancer cell line. A positive control was
also taken with compound 23. The compound
showed more cytotoxicity against colorectal
cancer CT26 (IC,, = 17.7 + 8 uM) with a positive
control as Doxorubicin (IC,,=7.099 + 1.43).

On breast cancer cell line MCF7, compound
15 is cytotoxic (IC,, = 27.23 + 3). Here Doxo-
rubicin have (IC,; = 8.067 + 0.3). Compound 23
includes halogen group and this increases the
efficiency of the compound. In fact, the binding
efficiency of the compound to its ligand depends
on its size.

This leads to a conclusion that compound 23
exhibits cytotoxic nature to different cancer cell
lines.

CONCLUSION

Thus, several isatin-benzothiazole/-thiazole hy-
brids were synthesized. Such hydrazones were
di-benzylated or di-methylated with 2 moles of
benzyl bromide or methyl iodide.Di-benzylation
or di-methylationtook place at position of 1- of
isatin and at position 2- of hydrazones result-
ed, which is an interesting and which is a nov-
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el observation. When isatin on condensation
with OPDA, resulted in fused isatin-quinoxal-
ine heterocyclic, 6H-indolo2,3-bquinoxaline
which is also an interesting observation . All the
compounds are characterized by spectral data
which is incorporated in experimental. In these
compounds isatin-benzothiazole pharmacoph-
ores are connected through -C=N-N- group.
Thus, new pharmacophore isatin- thiazole hy-
brids and isatin 3-hydrazones were generated
in the present study. These compounds evaluat-
ed for cytotoxicity activity against different can-
cer cell lines.One of the compound 1-benzyl-5-
bromo-7-chloroindoline-2,3-dione(23) showed
cytotoxicity activity against breast cancer cell
line (MCF7) with IC, value 27.23 + 3 yM and
also in colorectal cancer cell line (CT26) with
IC,, value 17.7 + 8 uM, which was comparable
to that of standard Doxorubicin.

EXPERIMENTAL SECTION
General chemical methods

All solvents and the reagents were purchased
commercially and used without further purifi-
cation. All moisture sensitive reactions were
carried out in anhydrous solvents under N, at-
mosphere. Column chromatography was car-
ried out with silica gel (Merck 60—120 mesh).
All reactions were monitored by thin layer chro-
matography (TLC) on silica gel Merck, Kieselgel
60 F254 plates; both starting material and prod-
ucts were visualized with using UV 254 nm and
anisaldehyde stain followed by heating. 'H and
BC NMR spectra were recorded with an inter-
nal deuterium lock on Bruker 300, 400 and 500
MHz instruments, chemical shifts (0) were mea-
sured in parts per million (ppm) and calibrated
to the residual proton and carbon resonance of
the CDCI, (6H =7.26 and 8C = 77.0 ppm). TOF
analyzer technique was used for the HRMS
measurement. FTIR spectra were recorded with
a Bruker Alpha spectrophotometer and were re-
ported in cm™.

Experimental and analytical details of three typi-
cal compounds are described below and for rest
of the compounds the details are given in sup-

plementary information.

Experimental and Analytical data for select-
ed compounds

(1). A mixture of isatin (1 g, 6.80 mmol),
2-phenylhydrazino benzothiazole (880 mg, 8.16
mmol) in DMF (10 mL) with few drops of acetic
acid and refluxed for 8 h. After completion of the
reaction (monitored by TLC), the reaction mix-
ture was poured into cold water and extracted
with ethyl acetate (3 x 20 mL). The combined
organic layer dried over Na,SO, and the solvent
was removed under the reduced pressure. The
residue was purified by silica gel chromatogra-
phy eluting (EtOAc: hexane, 1:49) leading to
(Z2)-3-(2-(benzodthiazol-2-yl)hydrazono)indo-
lin-2-one(1.09 g, 68%) derivative as yellow solid
(Scheme 1).

(Z)-3-(2-(benzodthiazol-2-yl)hydrazono)indo-
lin-2-one (4).

Yellow solid; mp 249-251 °C; IR (Neat) v__
2956, 2923, 2853, 1693, 1550, 772 cm™; H'
NMR (CDCI,+DMSO, 400 MHz): 6 = 9.85-9.76
(brs, 1H), 8.34 (d, J=7.4 Hz, 1H), 7.79-7.60 (m,
1H), 7.51 (dd, J=7.8, 2.2 Hz, 1H), 7.40-7.19 (m,
3H), 7.16-7.05 (m, 1H), 7.01-6.93 (m, 1H), 6.88
(d, J = 7.7 Hz, 1H); C* NMR (CDCI,+DMSO,
75 MHz): 6 =173.6, 165.7, 141.7, 141.1, 138.9,
129.7,126.2, 125.6, 124.5, 121.7, 121.3, 120.7,
117.4, 112.0, 109.2. HRMS(ESI) m/z calcd for
C..H. N,OS, M+H*295.0648, found 295.0631.

15" 10" "4

(2). To a stirred solution of Z)-3-(2-(benzod-
thiazol-2-yl)hydrazono)-7-chloroindolin-2-one
(300 mg, 1.26 mmol) in DMF (8 mL) at 0 °C
were sequentially added K,CO, (524 mg, 3.79
mmol) and benzyl bromide (316 uL, 2.65 mmol)
and stirring was continued for 5hat room tem-
perature. The reaction mixture was poured into
cold water and extracted with ethyl acetate (3
x 20 mL). The combined organic layer dried
over Na,SO,, filtered and concentrated. The ob-
tained residue was purified by silica gel column
chromatography (EtOAc: hexane, 1:19) to give
(E)-3-(2-(benzodthiazol-2-yl)-2-benzylhydrazo-
no)-1-benzyl-7-chloroindolin-2-one (347 mag,
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66%) as a yellowish red solid (Scheme 2).

(E)-3-(2-(benzodthiazol-2-yl)-2-benzylhydra-
zono)-1-benzyl-7-chloroindolin-2-one (11).

Yellowish red solid; mp 192-194 °C; IR (Neat)
V... 3063, 3031, 2954, 2923, 1697, 1607, 1572,
754 cm™. H" NMR (CDCl,, 400 MHz): & = 7.78
(d, J = 8.0 Hz, 1H), 7.75 (dd, J = 8.1, 0.9 Hz,
1H), 7.58 (dd, J=7.5, 1.2 Hz, 1H), 7.40 (td, J =
7.4,1.2 Hz, 1H), 7.31-7.07 (m, 12H), 6.96 (t, J =
7.8 Hz, 1H), 6.56 (s, 2H), 5.37 (s, 2H); C"* NMR
(CDCl,, 100 MHz): & = 170.6, 157.7, 151.8,
137.1,137.1, 134.5, 133.8, 131.8, 129.9, 128.5,
128.4,127.6, 127.3, 127.1, 126 .4, 126.1, 125.8,
123.8, 123.3, 121.8, 121.0, 119.2, 115.3, 56.6,
44.7, HRMS(ESI) m/zcaled for C,H,,CIN,OS,
M+H*509.1197, found 509.1178.(3). To a stirred
solution of Z)-3-(2-(benzodthiazol-2-yl)hydrazo-
no)-7-chloroindolin-2-one (300 mg, 1.26 mmol)
in DMF (8 mL) at 0 °C were sequentially added
K,CO, (524 mg, 3.79 mmol) and methyl iodide
(206 pL, 2.43 mmol) and stirring was continued
for 5h at room temperature. The reaction mix-
ture was poured into cold water and extracted
with ethyl acetate (3 x 20 mL). The combined or-
ganic layer dried over Na,SO,, filtered and con-
centrated. The obtained residue was purified by
silica gel column chromatography (EtOAc: hex-
ane, 1:19) to give (2)-3-(2-(benzodthiazol-2-yl)-
2-methylhydrazono)-7-chloro-1-methylindolin-
2-one (336 mg, 64%) as a red solid (Scheme 2).

(Z)-3-(2-(benzodthiazol-2-yl)-2-methylhydra-
zono)-7-chloro-1-methylindolin-2-one (14).

Red solid; mp 204-206 °C; IR (Neat) v__ 3059,
2921, 2851, 1694, 1609, 1579, 753 cm™. H'
NMR (CDCI,, 500 MHz): 6 = 7.78 (d, J = 7.9
Hz, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.56 (dd, J
=74, 1.2 Hz, 1H), 7.40 (id, J = 7.3, 1.2 Hz,
1H), 7.29-7.22 (m, 2H), 7.01 (t, J = 7.4 Hz, 1H),
4.28 (s, 3H), 3.65 (s, 3H); C** NMR (CDCl,, 100
MHz): & = 170.1, 157.4, 151.7, 138.0, 133.3,
131.8, 130.0, 126.8, 125.6, 123.7, 123.3, 121.5,
121.0, 119.0, 115.6, 43.3, 29.4; HRMS(ESI) m/
zcaled for C,_H,,CIN,OS, M+H*357.0571, found

17° 13

357.0566.

(4). Amixture of 7-chloro isatin (1 g, 5.53 mmol),
o- phenylenediamine (775 mg, 7.18 mmol)
in DMF (10 mL) with few drops of acetic acid
and refluxed for 10 h. The reaction mixture was
poured in cold water and extracted with EtOAc
(3 x 20 mL). The combined organic layer dried
over Na,SO,, filtered and concentrated. The
obtained residue was purified by column chro-
matography (EtOAc: hexane, 1:19) to give qui-
noxaline (894 mg, 64%) as a light yellow solid.
The above obtained qunioxaline (200 mg, 790
pmol) in DMF (2 mL) was treated with K,CO,
(218 mg, 1.58 mmol) and benzyl bromide (103
pL, 502 pmol) at room temperature and stirring
was continued for 5 h. The reaction was poured
in cold water and extracted with EtOAc (3 x 20
mL). The combined organic layer dried over Na-
,50,, filtered and concentrated. The obtained
residue was purified by column chromatography
(EtOAc: hexane, 1:19) to give 26 (184 mg, 68%)
as a yellow solid (Scheme 3).

6-benzyl-7-chloro-6,11a-dihydro-4aH-in-
dolo2,3-bquinoxaline (26).

Yellow solid; mp 242-244 °C; IR (Neat) v__:
3026, 2954, 2921, 1643, 1597, 1582, 1450, 772
cm”; H' NMR (CDCI,, 500 MHz): & = 8.16 (dd,
J=28.0, 1.3 Hz, 1H), 7.85 (dd, J = 7.9, 1.3 Hz,
1H), 7.48-7.44 (m, 1H), 7.37 (dd, J=7.9, 1.5 Hz,
1H), 7.35-7.32 (m, 2H), 7.32-7.27 (m, 3H), 6.75
(t, J = 7.9 Hz, 1H), 6.07 (s, 2H), 5.57 (s, 2H);
C"™ NMR (CDCI,, 125 MHz): & = 154.6, 143.8,
135.1,132.4,132.2, 131.2, 130.4, 129.6, 128.9,
127.7,126.9, 123.9, 120.6, 119.7, 116.5, 114 4,
46.4, HRMS(ESI) m/zcaled for C,H,CIN,,
M+Na *366.0768, found 366.0779.
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Abstract

Buccal patches are the ideal mode of
delivery for the systemic release of drugs be-
cause they give enhanced bioavailability by
bypassing hepatic first-pass metabolism and
allowing through the jugular vein, direct access
to the circulatory system. The present research
work is on the development and optimization
of a mucoadhesive buccal patch of curcumin
and lycopene for embattled release in oral can-
cer therapy. Using polymers like ethocel and
methocel, buccal patches were produced by the
solvent-casting method. Buccal patches were
evaluated by disintegration time, folding endur-
ance, % drug release, surface pH study, swell-
ing study, mucoadhesive strength and stability
studies. The developed buccal patches were
evaluated for cytotoxicity in KB cell line using
MTT assay. Folding endurance of formulation
was found to be 167.66. The disintegration time
of buccal patch was found to be 3.34 minutes.
Thus, it can be said that the oral cancer treat-
ment using the buccal patch formulation that
has been created may be innovative.

Keywords: Buccal patches, Curcumin, Lyco-
pene, Oral cancer, MTT assay.

Introduction

The improvement of controlled medication de-
liverance systems, either through, the oral mu-
cosa using mucoadhesive polymers has gotten
a lot of importance in current years. For local
or systemic distribution, the buccal tablets deliv-
ery routes are becoming increasingly frequent.
(1) The oral cavity, in scrupulous, seems to pro-
vide the unique profit of improved availability, a
precise yet comparatively penetrable epithelial
barrier for delivery of drugs, unidirectional drug
instability, fast and simple exclusion of the phar-
maceutical formulations leading suggestion,
efficient drug permeability, and evade of liver
function first-pass metabolism, all of which con-
tribute to enhanced bioavailability and patient
compliance.(2) The buccal route has been uti-
lized for both local drug delivery and systemic
drug delivery in a variety of dosage form forms,
including sticky gels, capsules, films, patches,
pastes, mouthwashes, and sprays.® Localized
aphthous ulcers, gingivitis, periodontal diseas-
es, and xerostomia are all treated using muco-
adhesive dosage forms. Due to their outstand-
ing flexibility and simplicity of usage, mucoad-
hesive tablets appear to be the most popular
dose form for buccal administration of medi-
cation. They can be used on the cheek, gums,
lips, palate, and other parts of the oral cavity.(4)
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Oral cancer was among the most re-
current and invasive cancers, accounting for
5% of all cancer deaths globally. Oral cancer is
treated with radiotherapy, chemotherapy, and
surgical excision, all of which have serious side
effects for patients. These unfavourable treat-
ment side effects are caused by the therapeutic
drugs’ nonspecific activity.(5) Chemotherapy’s
side effects have been decreased through de-
velopments in drug delivery technologies during
the last four decades. In addition, the advance-
ment of nanotechnology in anticancer therapy
has aided in the development of new diagnostic
and treatment procedures. The most desirable
treatment for oral cancer is targeted therapy,
which focuses on particular site delivery and
therefore to reduces side effects and systemic
toxicity. The solubility, stability, and bioavailabili-
ty of therapeutics supplied by nano delivery sys-
tems made of polymers were improved, accu-
mulating even inside tumor cells.(6) Oral strips
was designed to be applied locally to the tongue
or buccal cavity. When compared to traditional
measures, mucoadhesive buccal patches pro-
vided advantages.(7) Buccal patches provide
the advantage of increased residence duration
and drug release owing to the narrow holding
time of oral gels in the mouth cavity.(8)

One of the most widely utilized method-
ologies in this design and optimization of target-
ed drug release is response surface methodolo-
gy (RSM). The methodology is based on ideolo-
gy of design of experiments, includes the exploit
several forms of trial designs, the development
of polynomial numerical equations and the map-
ping of retort more than experimental province
in order to resolve the best formulation (s). The
process needs very petite experimentation and
time, and it has proven to be significantly more
effective and cost-efficient than traditional dos-
age form formulation procedures. Numerous
RSM design types are available for the formu-
lations’ quantitative optimization, including the
central composite design, 3x3 factorial design,
and Box-Behnken design, etc.(9,10)

Polymers are frequently used in con-

temporary pharmaceuticals technology, and
they have been crucial to the advancement of
medication delivery. Polymers are used as car-
riers in targeted therapy, allowing for synchro-
nized drug distribution while also lowering med-
ication bitterness.(11) The nature of ethyl cellu-
lose and methylcellulose is hydrophobic. It's a
free-flowing white to light powder that’s frequent-
ly employed in the production of controlled drug
release. Ethyl cellulose and methyl cellulose
are suitable to be used in tablets, oral capsule,
ophthalmic or vaginal formulations, and topical
therapies since they have few side effects.(12)
A number of natural chemicals built-in the daily
diet (or should be present) have been demon-
strated to have chemo preventive properties.
(13) Numerous biological processes are car-
ried out by polyphenols, including carotenoids
(lycopene, carotenoid epigallocatechin-3-gal-
late, resveratrol, ellagic acid, quercetin, and
curcumin), minerals (selenium, zinc), C, D, and
E vitamins. Cell growth inhibition, autophagy
activation, growth factor decreases, signalling
systems that control angiogenesis or tumour
growth as well as the suppression of inflamma-
tion are only a few of the molecular mechanisms
that are involved, have been proven to prevent
cancer beginning and progression.(14-18) Aim
of this work is development and characteriza-
tion of buccal patches containing curcumin and
lycopene encumbered in ethocel and methocel
polymer.

The goal of this study was to character-
ize buccal patches in assessing their efficacy as
targeted drug delivery for oral cancer therapy.
A Central mergeddesign was used as comput-
er-aided optimization technique. The quantity
of the release retardant served as one of the
study’s independent variables, polymer-ethocel
(X1) and propylene glycol (X2) and carbom-
er(X3). The dependent variables study was the
disintegration time (Y1) and folding endurance
(Y2) and % drug release (Y3).

Materials and Methods

Materials and reagents

Development and optimization of curcumin and lycopene mucoadhesive buccal patches using
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Curcumin and lycopene were procured from
Sigma Aldrich, India. Ethocel and methocel
were purchased from TCI chemicals, India. Car-
bopol and Propylene Glycol were procured from
SRL chemicals, India. Millipore water was used
in this work. The remaining substances were all
of analytical grade.

Development of drug loaded buccal patch

A petri dish was used to make a series
of buccal patches using the solvent casting pro-
cess. The patches were made up of different
percentages of ethocel and methocel, which
were dissolved in ethanol and then mixed with
Curcumin for 30 minutes. Ethanol: water (1:1)
Lycopene solution was added to the prior solu-
tion and agitated continuously for additional 30
min. The carbopol solution was made by boil-
ing Millipore water with continual stirring before
adding it to the polymeric solution. With inter-
mittent shaking, the determined amount of pro-
pylene glycol was included to the solution. The
casting solvent was therefore reduced to 30ml
and agitated for 24 hours to ensure complete
dissolution, before being placed in a vacuum

desiccator to eliminate any remaining air bub-
bles. The rate of evaporation was controlled
and prevents patch blistering. Then the solution
was cast in a glass petri dish covered with an
inverted glass funnel. At room temperature, the
solvent was allowed to fade away for 24 hours.
The dry patch was isolated, sliced into 2x2 cm
square portions. It was covered in aluminium foil
and kept in a desiccator.(19-21)

Preparation of buccal patch using experi-
mental design

Utilizing central composite design, the formula-
tion was improved. The selected factors were
Ethocel (0.83-1.67gm, factor A), Propylene gly-
col (4.16-5.84 ml, factor B) and Carbomer 0.66-
1.34 gm, factor C). The response studied was
Disintegration time, foldi8ng endurance and
%drug release. The buccal patch was prepared
using central composite design (Design expert
software version 12.0). The design expert pro-
gramme displayed the complete 20 runs. The
studied response and variables were shown in
Table 1.

Table 1: Central composite arrangement for factors and responses

Space Factor A: Factor B Factor C: R.es.ponse.1 Respo.nse Response 3
STD Run type Ethocel :Propylene Carbomor I?lsmtegtawn 2 Folding Drug Release
(gm) glycol (ml) (gm) time (Sec) | Endurance (%)

15 5 Center 1.25 5 1 3.3 206 32.7891

18 8 Center 1.25 5 1 3.3 206 32.7891

19 9 Center 1.25 5 1 3.3 206 32.7891

20 11 Center 1.25 5 1 3.3 206 32.7891

17 13 Center 1.25 5 1 3.3 206 32.7891

16 15 Center 1.25 5 1 3.3 206 32.7891

10 3 Axial 1.956 5 1 6.45 215 41.0472

14 4 Axial 1.25 5 1.57 4 214 43.1234

9 12 Axial 0.543 5 1 6.45 212 42.0240

13 16 Axial 1.25 5 0.428 3 205 33.4518

12 18 Axial 1.25 6.412 1 23 202 49.4505

11 20 Axial 1.25 3.587 1 26 198 45.123

7 1 Factorial 0.83 5.84 1.34 4.0 209 52.8442
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4 2 Factorial | 1.67 5.84 0.66 3.0 204 42.8248
5 6 Factorial | 0.83 4.16 1.34 3.3 207 92.9218
1 7 Factorial | 0.83 4.16 0.66 2.45 203 40.0776
6 10 Factorial | 1.67 4.16 1.34 3 208 53.1674
2 14 Factorial | 1.67 4.16 0.66 2 200 39.4123
8 17 Factorial | 1.67 5.84 1.34 5.1 211 43.9561
3 19 Factorial | 0.83 5.84 0.66 2.15 201 18.2612

Table 2: Statistical parameters obtained from ANOVA

. Adequate
Responses F-value | P-Value Adjusted R? .
precision
Disintegration time (DT) 51 0.0089 0.9908 8.9078
Folding Endurance 16.02 0.0001 0.8768 14.8771
Percentage Drug Release | 4.98 0.0097 0.9534 9.5887

Evaluation of prepared buccal patches
Study of drug—polymer interactions
Fourier Transform Infrared Spectroscopy

Nicolet 520P FT-IR spectrometer wave-
length in the range of 4000-500cm™" was used
for the study of drug and polymer interaction.
KBr pellet method was used for sample prepa-
ration.

Differential scanning Calorimetry analysis

Differential scanning Calorimetry (DSC)
analysis was used to analyze the Drug-polymer
interactions. DSC is the one of the thermal an-
alytical techniques. Perkin Elmer Differential
Scanning Calorimeter (DSC 6000 — Perkin-
Elmer) was used to analyze drug and polymer
samples at a heating tempo of 10°C / min under
air environment and an air was flushed at a flow
rate of 5 mL/ min.

Folding endurance and thickness

It was done to demonstrate the effec-
tiveness of the softener and assess the tensile
of the patch made with various polymers. Fold-
ing endurance is nothing but the number of folds
needed to break any polymer patch. The exact

folding endurance was tested manually by re-
peated folding of a tiny (2 x 2 cm) section of
the film in same spot until it was broken. The
folding endurance of patch was determined by
how many times it was folded in the same posi-
tion without breaking or cracking the patch. The
same process was repeated for all 3 formula-
tions.

In vitro disintegration time

The interval at which a film disintegrates
when it comes into touch with water or a buffer
is known as the disintegrating time. A buccal
patch of 2 x 2 cm was placed inside the disinte-
gration device, which was kept at 37+0.5°C and
filled with pH 7.4 buffer. The time it took for the
patch to disintegrate was recorded.

Determination of in vitro drug release

Buccal patch preparations were charac-
terized in vitro using Franz diffusion cells. This is
areliable technique for estimating drug transport
from topical formulations through the skin. With
a synthetic cellophane membrane and 30.0 ml
of phosphate-buffered saline (pH 7.4) injected
into the receptors section of the diffusion cell,
studies on in vitro drug release were done. A
patch of 2 x 2 cm was cut and stitched on. The

Development and optimization of curcumin and lycopene mucoadhesive buccal patches using
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membranes in the client compartment received
it. The cellophane membrane was then evenly
widened. The assembly was continuously kept
at 50 rpm at 37.0 2.0°C. In order to keep the
receptor phase volume at 30 ml, samples (1.0
ml aliquots) then were set aside at proper times
(0,1,2,3,4,5,6,7, 8, and 10 hr) and supplied
with the medium. The patches that contained
curcumin and lycopene underwent spectropho-
tometric analysis at wavelengths of 427 nm,
440 nm, and 375 nm, respectively.

Weight variation

For weight uniformity, all prepared
patches were individually weighed. The weight
was determined using a weighing balance for
analysis (Shimadzu AX 200, Kyoto, Japan).
Individual weights were compared to the state
median.

Uniformity of drug content

The patches were trampled in a mortar
and pestle with water/acetone solvent to check
for drug content homogeneity (1.5cm1.5¢cm di-
mension) and water or alcohol as a patch sol-
vent containing curcumin and lyopene. The con-
tent was then filtered by using 0.45 m syringe.
Then the solutions were diluted with simulated
saliva. Samples were analyzed at a maximum
wavelength of 426 and 260.6 nm (Shimadzu,
Japan, UV 1800 spectrophotometer) by using
solvent plain. Using the calibration curve, the
drug substance was calculated.

Surface pH determination study

pH at the surface of the patches
were measured at intervals of 1, 2, 3, 4, and 5
hours by inserting them into distilled water in 10
ml glass tubes. Close to the surface with digital
pH meters tip allowing the patch to settle. Then
it was equilibrating for 1 minute before the re-
cording begins and this determination was car-
ried out in three times.

Swelling study

On petri dishes, 25 mL of artificial saliva

was kept at room temperature. The patch start-
ing weight (W1) was measured. The films with
moisture on their surface were gently removed
with filter paper after 60 minutes. The swollen
patches were weighted (W2), and the formula
below was used to estimate the swelling per-
cent.

Swelling index = (W2-W1)/W1x100
Mucoadhesive study of buccal patches

PBS (pH 6.6) was used as the moisten-
ing agent, and the modeling substrates were re-
cently excised pig buccal mucosa that was pur-
chased from a slaughterhouse. For a total of
10 minutes, a horizontally positioned crushed
buccal patch was “sandwiched” between two or
three layers of clipped model tissue substrates.
A constant mass of 50 gm was then placed on
top. The bio adhesive strength was evaluated
using an Extech 475040 Force Gauge Meter in
terms of the force needed to dislodge the patch
from the animal buccal mucosa (Extech Instru-
ments Corp). When the patches were removed
from porcine buccal mucosa, upward tension
was congested and the force reading was ob-
tained.

Morphology of buccal patches

Morphology of the developed patch-
es were analyzed using scanning electron mi-
croscopy (SEM; JEOL JMS-6390 apparatus).
In order to ensure the electron beams strong
conductivity across the samples, carbon coat-
ings were applied to them. As the electron beam
traverses the sample, signals in raster images
that contain information about the sample’s sur-
face topography and other characteristics are
produced.

Stability studies

For the preparation optimized patch,
stability studies were conducted over 180 days.
Patch was preserved in the incubator, that was
maintained at 37 + 0.05°C and 75 + 5 RH, for
stability studies. The prepared patch medication
content and physical appearance were exam-
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ined after a 30-days interval. The procedure
specified in the section was followed to deter-
mine the drug content.

Cytotoxicity assay

Optimized buccal patch 2x2cm was pre-
pared, sterilized by ultraviolet radiation and then
incubated with 1ml of DMEM medium at 37°C
with 5% CO, for 24hrs. Sample solution, from
these serial two-fold dilutions (6.25 — 100 pg)
was prepared. From NCCS, a KB cell line was
purchased. In a medium (DMEM) enriched with
10% inactivated Fetal Bovine Serum (FBS), 100
IU/mL penicillin, and 100 g/mL streptomycin,
stock cells were cultivated until confluent. The
growing environment consisted of a humidified
atmosphere with 5% CO,,.

Using appropriate media containing
10% FBS, the monolayer cell culture was tryp-
sinized and the cell count was adjusted to 1.0 x
10°cells/mL.

About 100 pL of diluted cell suspension
(1 x 108 cells/well) was added to each 96 well
microtiter plate. A partial monolayer was formed
after 24 hours. The monolayer was rinsed with
medium once after the excess was flicked off.
The partial monolayer in the microtitre plate re-
ceived 100 L of test samples at various concen-
trations. The plate was subsequently incubated
for 24 h at 37 °C in a 5 % CO, environment.
(22,23)

Results and Discussion
Drug polymer incompatibility study

The FT-IR and DSC studies were used to deter-
mine drug excipient compatibility.

FT-IR

The FT-IR spectrum analysis of the drug
and polymer mixture was used to identify any
physical or chemical modifications of the drug’s
properties. Curcumin’s FTIR spectra were
found to be in the following ranges: -OH group:
3382.67 cm™'; aromatic CH group: 2969.72 cm™";
C=C and C=0 group: 1510.60 cm™; and C-O-C

stretching: 1205.44 cm™. Lycopene’s FTIR
spectra were found to be in a range between
282.959 cm™ and 2005.58 cm™" for the CH group
and 1512 cm™ for the C=C group. When com-
paring the spectra of the created films with the
original peak of the drug and polymers, it was
found that there was no substantial change,
indicating that there was no drug-polymer in-
teraction. The IR chromatogram was shown in
Figure 2. The final formulation FTIR spectra
shown many peaks indicating that the chemical
structure of the drug was conserved with effi-
cient loading into the formulation. Curcumin and
lycopene had no chemical interaction with the
physical mixtures of polymers (ethocel, metho-
cel, carbomer, propylene glycol) utilised in this
buccal formulation study.

amt

Fig. 2: IR spectrum for Physical mixtures
DSC

DSC thermogram of curcumin, lyco-
pene and polymer was studied. It was found
that curcumin shown endothermic peak at
184.81°C, Lycopene shown endothermic peak
at 153.11°C, ethocel shown exothermic peak
at 348.98°C, methocel shown exothermic peak
at 306.22°C, Carbomer showed endother-
mic peak at 246.70°C. Physical mixture pure
drug and polymers showed endothermic peak
at 184.81°C, 323.5°C, 153.11°C, 348.98°C,
306.22°C and 246.70°C. This suggests that
there were no interactions between drug and
polymer as well as excipients used in buccal
patch formulations. The DSC thermogram was
shown in Figure 3.
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Fig. 3: DSC Thermogram for formulated buccal
patch

Evaluation

In this research work, buccal patch of
curcumin and lycopene were prepared with
polymer combination of ethocel and metho-
cel by using solvent casting technique. A total
20 number formulation were prepared using a
central composite design (Table 1). Flat yellow
non-transparent patches were obtained and cut
into 1.5 cm squares on either side.

Statistical optimization

Disintegration time, folding endurance
and % drug release obtained by the various lev-
els of 3 independent variables, ethocel - Poly-
mer, propylene glycol - plasticizer and carbomer
— Film thickening agent, were subjected to mul-
tiple regressions to yield the final equation.

Disintegration time (DT)

Y=+3.33+0.0940*A+0.2193*B+
0.5478*C+0.3375*AB+0.0500*AC+0.625*B-
C+0.8833*A2-0.5221*B?2-
0.5109*C?(+0.3375*AB) + Sign of coefficients
indicates positive effects of polymer and plas-
ticizer concentration on DT. The model is sig-
nificant, according to the F-value of 5.11 per-
cent. An F-value this large could only happen
to owe to noise 0.89 %. P-values under 0.0500
indicate that the model terms are important.

Folding endurance

Y=+206.08+0.58918A+1.01*B+3.09*C+0.87
50*AB+0.3750*AC+0.3750*BC+2.15*A2-2.63
*B2+0.7325*C?(+0.8750*AB) + Sign of coeffi-
cients indicates positive effects of polymer and
plasticizer concentration on folding endurance.

The model is suggested to be significant by the
F-value of 16.02 percent. Only 0.01 percent
of the time is it possible for noise to cause an
F-value this large. The modelling terms are con-
sidered significant when the P-value is less than
0.0500.

Percentage drug release

Y = +32.63-2.03*A-4.42*B+8.68*C+7.01*AB-
9.07*AC-3.89*BC+4.26*A2+6.15*B2 +2.97*C(-
9.07*AC) negative sign of coefficients indicates
negative effects of polymer and thickening agent
concentration on percentage drug release.
The F-value of 4.98 % suggests that the mod-
el is significant. An F-value this large might be
caused by noise only 0.97 percent of the time.
Model terms that have P-values less 0.0500 are
considered significant.

The irrelevant terms (P> 0.05) were
eliminated from the models to use the backward
elimination method to produce an easy-to-un-
derstand and practical model. Although in sta-
tistical modelling the adjusted R2, which takes
the number of linear regression variables into
account, is commonly chosen, R2 always drops
when a linear regression variable is removed.
The experimental data demonstrated a satis-
factory fit to second order polynomial equations
because the corrected R2 values were well
within the allowed bounds of R2 0.90. All of the
reduced models had p values below 0.05, indi-
cating that they were all significant models. The
signal to noise ratio is measured by the value
of appropriate precision. A ratio higher than 4
is desirable. The ratio was found to be in the
range from 8.90-14.87which indicated on ade-
quate signal. Hence the model was significant.

Response surface plot

It is highly helpful to investigate the
interaction effects of these factors on the re-
sponse using 3D surface plots for all response
variables. Figure 1 shows 3D response surface
plot. From this design optimized formulation
was found. The optimized conditions of ethocel
1.67 gm, propylene glycol 5.84 ml and carbom-
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Fig. 1: 3D response plot for (A) Disintegration Time (B) Folding Endurance (C) Percentage Drug

Release (D) Desirability function

er 1.34gm used. According to the later value
of D, the projected reaction values were DT =
3.34sec, Folding endurance = 167.66, and per-
cent drug release 73.05 %.

Disintegration time (DT):

Decrease the value of DT with the increase the
con of plasticizer. At high drug polymer ratio the
DT is more. The higher DT is recorded at low
con of plasticizer and high drug polymer ratio.
But excessive amount of polymer increases the
film becomes brittle. Both factors would be con-
sidered while controlling the DT. Polymer and
Plasticizer at elevated concentration would gen-
erate patch which fulfil a prerequisite for rapid
disintegration.

Folding endurance

The plasticizer is in charge of giving the film flex-
ibility, while the film forming (Polymer) ensures
enough strength. Therefore, a buccal patch
with desirable prominence would result from a
suitable combination of both of these elements.
The findings showed that polymers and plasti-
cizers have a beneficial effect on folding endur-

ance. The poly nomial equation suggested the
concentration of plasticizer has a hopeful influ-
ence of the folding endurance. Because plasti-
cizers relax linear polymeric chains, presumably
by creating hydrogen bonds that increase flexi-
bility, they are considered to be the key contrib-
uting element for folding endurance.

% Drug release

Decreases in the value of the percent drug re-
lease with increases in the amount of the film
thickening agent and rises in the percent drug
release with increases in formulation’s polymer
content. The highest percentage drug release
recorded at low drug polymer ratio and high
thickening agent concentration. When con of
polymer increases then drug was decreases
since drug remains inside the matrix of polymer.

The desirability function of the Derringer D is
the geometric mean, weighted average, or the
average of the different popularity functions. De-
sirability has uses D accepts values between 0
and 1. Weight values can range from 0.1 to 10,
with weights below 1 denoting less relevance
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and weights above 1 denoting higher impor-
tance for the aim. The table listed the require-
ments for each response’s optimization.

It was evident from the preceding figure that a
particular set of coordinates produced a high
Desirability value (D= 0.879) were Ethocel 1.06
gm, Propylene glycol 5.84ml and carbomer
0.66gm used. The predicted response values
corresponding to the later value of D were DT=
2 sec, Folding endurance = 198, % drug release
18.26%. By processing the experimental results
under ideal circumstances, the model’'s predic-
tion effectiveness was verified. Within 1-6 %, it
was discovered that the observed and experi-
mental differences were in good agreement.

Physical evaluation of buccal patches
Thickness and folding endurance

The thickness of the patchwork film
increases with the weight of the polymer, vice
versa. Weight of the batches’ films, 260.56 mg.
Patch film thickness: As the polymer concen-
tration rises, so does the patch film thickness.
The formulation’s patch thickness ranges be-
tween 0.18- and 0.22-mm. Low standard devia-
tion scores indicate that the movie is physically
equal. The folding endurance gauges a film’s re-
sistance to rupturing. After manually measuring
the folding resistance, it was discovered that the
film’s folding resistance increases along with the
polymer concentration. The film’s folding endur-
ance was discovered to be 167.66.

The films’ folding endurance values
were discovered to be quite favorable, and as
a result, they displayed good mechanical and
physical properties. The film’s surface pH was
discovered to be between 6.06 and 6.07 for buc-
cal patch formulations. Table 3 presented the
outcomes. All of the films’ surfaces had pH val-
ues that fell within the range of salivary pH. The
pH of the surfaces of all formulations showed
no discernible variation. Since the observed sur-
face pH values of all of the formulations were
found to be somewhat neutral, they should be
quite comfortable and less likely to irritate the

buccal mucosa.

The mucoadhesive strength of buccal patches
found to be 6.01 g. The disintegration time of
drug loaded buccal patches was found to be
3.34minutes. The Patches disintegration time
was within the limit. Hence it was easily dis-
solved in saliva.

Table 3: Physical evaluation of optimized
drug-loaded buccal patches

Evaluation parameter Result
Disintegration time (min) 3.34
Folding endurance 167.66
Weight (mg) 260.56
Thickness (mm) 0.18
surface pH 6.06
Mucoadhesive strength (g) | 6.01
Content uniformity (%) 97.95769

SEM analysis of buccal patches

Figure 4 depicts the cross split of
buccal patch compositions seen below a
scanning electron microscope. The composi-
tion’s cross-section inside the patch showed a
consistent, non-porous structure. Non-homo-
geneous texture is visible at greater magnifica-
tions was clearly obvious. On evaporation, it is
reasonable to suppose that the dissolved cur-
cumin may be affected by the type of solvent
used. Micron-sized aggregates have formed
as a result of the precipitation. Sizes and are
spread throughout the polymer solution. Any
there was no texture non-uniformity found sug-
gesting that the medicine has been distributed
properly throughout the matrix of polymer.

Fig. 4: Scanning electronic microscope image
for optimized buccal patch
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in vitro drug release study

In-vitro release of curcumin and lyco-
pene encumbered optimized buccal patches
was performed in pH 6.8 phosphate buffer. The
results were shown in Figure 5 and Table 4. The
invitro drug release profiles of buccal patches,
which is containing ethocel, methocel, propyl-
ene glycol and carbomer polymers in the ratio
of 1:1,1:2, 2:1, 1:3 and 3:1. The most signifi-
cant factor disturbing the velocity of drug liber-
ate from the buccal tablets with the drug and
polymers ratio. In all the formulations the drug
release was ranging from 73.5% to 95.6%.

100 -

80

60 |

a0 |

Percentage Drug Released

20

o

o 2 a 6 3 10
Time In Hours

Fig. 5: In vitro drug release study of buccal
patch

able 4: Evaluation of the drug-loaded opti-
mized buccal patch’s in-vitro drug release

Time Curcumin Lycopene

(Hours) release release

0 0 0

1 7.2 194

2 10.9 291

3 17.2 345

4 28 46.2

5 35.1 48.5

6 37.3 59.8

7 491 69.7

8 53.9 86.5

9 64.6 96.7

10 70.2 100.2

Surface pH

The created patch’s surface pH was
carefully calibrated to account for potential irri-
tability during in-vivo tests.

Stability studies

The optimized buccal patch samples
were taken after 30 (1 month), 60 (2 months),
90 (3 months) days. For 90 days at 40°C+5°C
and 75% RH, the tensile strength, drug content,
and percentage of drug release of the sample
(optimized) were evaluated. Reports were dis-
played in Table 5. Stability studies for the formu-
lations of patches were conducted for 90 days.
The prepared patches displayed maximum sta-
bility with no noticeable physiochemical alter-
ations after defined intervals of 30 days

Table 5: Stability study report of drug-loaded op-
timized buccal patches

Evaluation After 30 After 60 After 90
parameter days days days
Colour and No No No
appearance change change change
0,

% drug content | g6 7.1 66 | 9534142 | 93.240.98
(Curcumin)

0,

o drug content | o7 oo, 195 | 95224125 | 94.341.87
(Lycopene)

0,

hdrugrelease | 051069 | 68.662.01 | 67.441.22
(Curcumin)

0,

fdrugrelease | o105 | 99.841.46 | 95.141.37
(Lycopene)

Cytotoxicity study (MTT assay)

MTT assay used to measure the cell vi-
ability. Cell viability of prepared buccal patches
was tested in KB cell lines at various concen-
trations (Figures 6 and 7). At varying concen-
trations of 12.5, 25, 50, 100 and 200ug/ml, the
prepared buccal patches showed cell viability
was reduced in a dose dependent method with
a significant difference between the control and
test groups. When the drug concentration was
increased from 12.5 to 200pg/ml, cell diffusion
was improved. The IC50 value of the test sam-
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ples for the production of curcumin and lyopene
loaded buccal patches was found 2.888.

Fig. 6: Cytotoxicity study for different concen-
tration

MTT assay
CL-1 vs KB cells

110
100
90
80

% Viability

70
60

50 T T T T 1
o 1 2 3 4 S5
CL-1 Dilution

Fig. 7: Cell viability (%) of drug loaded buccal
patch formulation

Conclusion

According to the study’s findings, in-
vitro drug release pattern of the patches were
sufficient and good enough ensuring good bio-
availabilty of the drugs. The optimized formula-
tion CL5 had good mucoadhesion, were irrita-
tion-free, and released the medication entirely
by a diffusion process and this study also recog-
nized the relevance of using curcumin and lyco-
pene combination for formulating buccal patch.
As a result, the perspectives and approaches of
buccal mucoadhesive patches can be consid-
ered as a unique treatment for oral cancer.
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Abstract

Parkinson’s Disease (PD), also known
as primary Parkinsonism is a persistent, idio-
pathic, degenerative nervous disorder which re-
sults from lack of dopaminergic neurons in the
substantia nigra pars compacta, which is the
source of nigrostriatal dopamine pathway with-
in the midbrain. The clinical detection relies on
motor symptoms recognition. Significant neu-
rological damage is already done by the time
motor symptom occur. Early detection is nec-
essary to stalk the progression of the disease.
The problem of detection of PD comes under
classification. Several tree-based classification
algorithms were applied to the dataset retrieved
from UCI machine learning database. The data-
set was first split into train and test data. Various
models were created using four different algo-
rithms. Correlation coefficients were calculat-
ed for each of the features in the dataset. The
model was fitted with train data obtained after
removing highly correlated features. Predictions
were made and various parameters were con-
sidered for comparison. Accuracy, precision,
recall, F1-Score, Youden Index, error rate and
specificity were the parameters calculated. Out
of the four algorithms (Decision Tree, Random
Forest, XGBoost and LightGBM), LightGBM

achieved the highest accuracy of 97.43%.

Keywords: Parkinson’s Disease (PD),
LightGBM, Pearson Correlation, Accuracy, Er-
ror Rate, Jupyter Notebook.

Introduction

Parkinson’s Disease (PD) also known
as primary Parkinsonism is a persistent, idio-
pathic, degenerative nervous disorder which
results from lack of dopaminergic neurons in
the substantia nigra pars compacta, which is
responsible for nigrostriatal dopamine pathway
within the midbrain (1). Some of the symptoms
of PD include bradykinesia, rigidity, and rest
tremor. Resting tremor (initially unilateral), rig-
idness, bradykinesia (slow movements), dis-
similarities in gait, and unstable posture come
under the motor symptoms while cognitive
changes, behavioural and neuropsychiatric
changes, autonomic nervous system failure,
sensory and sleep disturbances come under
non-motor symptoms (1). Motor and non-motor
symptoms are used to diagnose PD. Non-motor
issues of the disease can become more trou-
blesome as the disease progresses (2). Also,
voice and speech impairment typically occur in
PD patients. The loss of ability to communicate
properly is the main source of disability in pa-
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tients. The multidimensional irregularities in the
speech such as hoarse voice, reduced loud-
ness, and restricted pitch variability (Mono pitch
and Mono loudness), imprecise articulation and
abnormalities of speech rate, and pause ratio
can be attributed to the loss of dopaminergic
neurons (3). Voice and speech performance will
show further deterioration in the course of time
which hints at nondopaminergic mechanisms of
progression of dysarthrophonia. Early detection
reduces the disease progression and limits the
treatment expenses. Several machine learning
algorithms can be used for the detection of PD
in preliminary stages using voice data. Machine
learning algorithms have made commendable
progress in medical diagnosis in the recent
times because of their ease in implementation.
The current study aims to utilise the MLalgo-
rithms to facilitate early detection of the disease.
A total of four ML algorithms were used in this
study. They are Decision Tree, Random Forest,
XGBoost and LightGBM classifiers.

Review of Literature

10 million people (about half the popu-
lation of New York) worldwide have PD from the
information found in Parkinson’s diseases foun-
dation (2015). Death and disability due to PD
is increasing faster than any other neurological
disease according to WHO. One in every 500
people have PD in Britain and this number is
expected to grow threefold by 2050 according
to Parkinson’s Disease Society website. This ill-
ness effects people from 50 -70 years old and
becomes worse over time. Diagnosis of PD is
heavily reliant on evaluation of motion which is
difficult to detect by human sight. This method
aims to overcome these difficulties and improve
the assessment process by employing machine
learning algorithms (6). One attempt was made
by implementing Convolutional Neural Networks
(CNNs). They were used to classify gait signals
converted to spectrogram images by image
classification on a big-scale and deep dense Ar-
tificial Neural Networks (ANNs) were employed
to predict PD at an early stage. Voice recordings
were used in this instance. A total of 54 studies in

the category ‘Diagnosis of PD’ were examined.
Out of them 33 studies used datasets from UCI
machine learning repository, mPower and Phys-
ioNet databases. In one of the study, data from
public repositories was joined with local data
bases (7). 14 studies performed diagnosis as
well as differential diagnosis. Research articles
not written in English were not considered. Most
commonly voice data was used, while some
studies also used MRI, movement, handwriting
patterns and SPECT imagining data. The most
common metric used for assessment of perfor-
mance was accuracy. Most methods are based
on speech data (8), gait patterns (9), cardiovas-
cular oscillations (10), smell identification (11)
and force tracking data (12). A one- dimensional
neural network relying on signals of gait was in-
troduced to detect PD in (13). It should be noted
that accuracy is low when using gait analyses
because of background noise in voice record-
ings, causing false positives. Detection of motor
impairment based on mobile screen typing was
introduced in (14). Four classifiers, namely De-
cision Tree, Regression, DMneural and Neural
Networks (NN) are used and their performances
are compared in (15), in which the best accura-
cy of 92.90% was achieved by NN algorithm.
Early and accurate detection of PD is essential
to stalk the progression of the disease.

Materials and Methods

The dataset was retrieved from UCI
machine learning repository. It was created by
University of Oxford and National Centre for
Voice and Speech, Denver, Colorado. The data-
set contains voice measurements from 31 peo-
ple, and 23 with PD. It has a total of 195voice
recordings (4). The data aims to discriminate
PD people from healthy people. The status col-
umn denotes ‘0’ for healthy and ‘1’ for PD affect-
ed persons. There are about 5-6recordings for
each patient.

Fig 1 and Fig 2 show a section of the
dataset. The problem of diagnosis of PD come-
sunder classification. Classification algorithms
come under supervised learning. Severalclas-
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name MDVP:Fo(Hz) MDVP:Fhi(Hz) MDVP:Flo(Hz) MDVP:lJitter(%) MDVP:Jitter(Abs) MDVP:RAP MDVP:PPQ JitterzDDP MD'
phon_RO1_S01_1 119.992 157.302 74.997 0.00784 0.00007 0.0037 0.00554 0.01109 0.04374 0.426
prhon_RO1_S01_2 122.4 148.65 113.819 0.00968 0.00008 0.00465 0.00696 0.01394 0.06134 0.626
phon_RO1_S01_3 116.682 131.111 111.555 0.0105 0.00009 0.00544 0.00781 0.01633 0.05233 0.482
phon_RO1_S01_4 116.676 137.871 111.366 0.00997 0.00009 0.00502 0.00698 0.01505 0.05482 0.517
phon_R0O1_S01_5 116.014 141.781 110.655 0.01284 0.00011 0.00655 0.00908 0.01966 0.06425 0.584
phon_R01_S01_6 120.552 131.162 113.787 0.00968 0.00008 0.00463 0.0075 0.01388 0.04701 0.456
phon_R01_S02_1 120.267 137.244 114.82 0.00333 0.00003 0.00155 0.00202 0.00466 0.01608 0.14
prhon_RO1_S02 2 107.332 113.84 104.315 0.0029 0.00003 0.00144 0.00182 0.00431 0.01567 0.134
pPhon_R01_S02_3 95.73 132.068 91.754 0.00551 0.00006 0.00293 0.00332 0.0088 0.02093 0.191
phon_R01_S02_4 95.056 120.103 91.226 0.00532 0.00006 0.00268 0.00332 0.00803 0.02838 0.255
phon_R0O1_S02_5 88.333 11224 84.072 0.00505 0.00006 0.00254 0.0033 0.00763 0.02143 0.197
phon_R01_S02 6 91.904 115.871 B6.292 0.0054 0.00006 0.00281 0.00336 0.00844 0.02752 0.249
pPhon_R01_S04_1 136.926 159.866 131.276 0.00293 0.00002 0.00118 0.00153 0.00355 0.01259 0.112
phon_R01_S04_2 139.173 179.139 76.556 0.0039 0.00003 0.00165 0.00208 0.00496 0.01642 0.154
pPhon_R01_S04_3 152.845 163.305 75.836 0.00294 0.00002 0.00121 0.00149 0.00364 0.01828 0.158
phon_R01_S04_4 142.167 217.455 83.159 0.00369 0.00003 0.00157 0.00203 0.00471 0.01503 0.126
phon_RO1_S04_5 144.188 349259 B82.764 0.00544 0.00004 0.00211 0.00292 0.00632 0.02047 0.192
phon_R01_S04 6 168.778 232.181 75.603 0.00718 0.00004 0.00284 0.00387 0.00853 0.03327 0.348
phon_RO1_S05 1 153.046 175.829 68.623 0.00742 0.00005 0.00364 0.00432 0.01092 0.05517 0.542
phon_R01_S05_2 156.405 189.398 142.822 0.00768 0.00005 0.00372 0.00399 0.011186 0.03985 0.348
phon_R01_S05_3 153.848 165.738 65.782 0.0084 0.00005 0.00428 0.0045 0.01285 0.0381 0.328
phon_R01_S05 4 153.88 172.86 78.128 0.0048 0.00003 0.00232 0.00267 0.00696 0.04137 0.37
phon_R0O1_S05_§5 167.93 193.221 79.068 0.00442 0.00003 0.0022 0.00247 0.00661 0.04351 0.377
phon_R01_S05_6 173.917 192.735 86.18 0.00476 0.00003 0.00221 0.00258 0.00663 0.04182 0.364
phon_R01_S06_1 163.8656 200.841 76.779 0.00742 0.00005 0.0038 0.0039 0.0114 0.01659 0.164
phon_RO1_S06_2 104.4 206.002 77.968 0.00633 0.00006 0.00316 0.00375 0.00948 0.03767 0.381
phon_R01_S06_3 171.041 208.313 75.501 0.00455 0.00003 0.0025 0.00234 0.0075 0.01966 0.186
phon_RO1_S06 4 146.845 208.701 81.737 0.00496 0.00003 0.0025 0.00275 0.00749 0.01919 0.198
phon_RO1_S06_§5 155.358 227.383 80.055 0.0031 0.00002 0.00159 0.00176 0.00476 0.01718 0.161
Fig1: Dataset Part 1
Shi PQ3 Shi APQS5 MDVP:APQ Shimmer:DDA NHR HNR status RPDE DFA spreadi spread2 D2 PPE
0.02182 0.0313 0.02971 0.06545 0.02211 21.033 1 0.414783 0.815285 -4.813031 0.266482 2.301442 0.284654
0.03134 0.04518 0.04368 0.09403 0.01929 19.085 1 0.458359 0.819521 -4.075192 0.33559 2.486855 0.368674
0.02757 0.03858 0.0359 0.0827 0.01309 20.851 1| 0.429895 0.825288 -4.443179 0.311173 2.342259 0.332634
0.02924 0.04005 0.03772 0.08771 0.01353 20.644 1 0.434969 0819235 -4.117501 0.334147 2.405554 0.368975
0.0349 0.04825 0.04485 0.1047 0.01767 19.649 1 0.417356 0.823484 -3.747787 0.234513 2.33218 0.410335
0.02328 0.03526 0.03243 0.06985 0.01222 21.378 1 0.415564 0.825069 -4.242867 0.299111 2.18756 0.357775
0.00779 0.00937 0.01351 0.02337 0.00607 24.886 1 0.59604 0.764112 -5.634322 0.257682 1.854785 0.211756
0.00829 0.00946 0.01256 0.02487 0.00344 26.892 1 0.63742 0.763262 -6.167603 0.183721 2.064693 0.163755
0.01073 0.01277 0.01717 0.03218 0.0107 21.812 1 0.615551 0.773587 -5.498678 0.327769 2.322511 0.231571
0.01441 0.01725 0.02444 0.04324 0.01022 | 21.862 1| 0.547037 0.798463 -5.011879 0.325996 2.432792 0.271362
0.01079 0.01342 0.01892 0.03237 0.01168  21.118 1| 0.611137 0.776156 -5.24977 0.391002 2.407313 0.24974
0.01424 0.01641 0.02214 0.04272 0.01141 21.414 1 0.58339 0.79252 -4.960234 0.363566 2.642476 0.275931
0.00656 0.00717 0.0114 0.01968 0.00581 25.703 1 0.4606 0.646846 -6.547148 0.152813 2.041277 0.138512
0.00728 0.00932 0.01797 0.02184 0.01041 24.889 1 0.430166 0665833 -5.860217 0.254989 2.519422 0.199889
0.01064 0.00972 0.01246 0.03191 0.00609 24.922 1 0.474791 0.654027 -6.105098 0.203653 2.125618 0.1701
0.00772 0.00888 0.01359 0.02316 0.00839 25.175 1 0.565924 0.658245 -5.340115 0.210185 2.205546 0.234589
0.00969 0.012 0.02074 0.02908 0.01859  22.333 1 0.56738 0.644692 -5.44004 0.239764 2.264501 0.218164
0.01441 0.01893 0.0343 0.04322 0.02919 | 20.376 1| 0.631098 0.605417 -2.93107 0.434326 3.007463 0.430788
0.02471 0.03572 0.057867 0.07413 0.0316 17.28 1 0.665318 0.719467 -3.949079 0.35787 3.10901 0.377429
0.01721 0.02374 0.0431 0.05164 0.03385 17.153 1| 0.649554 0.68608 -4.554466 0.340176 2.858676 0.322111
0.01667 0.02383 0.04055 0.05 0.03871 17.536 1 0.660125 0.704087 -4.095442 0.262564 2.73971 0.365391
0.02021 0.02591 0.04525 0.06062 0.01849 19.493 1 0.629017 0.698951 -5.18696 0.237622 2.557536 0.259765
0.02228 0.0254 0.04246 0.06685 0.0128 22.468 1 0.61906 0.679834 -4.330956 0.262384 2916777 0.285695
0.02187 0.0247 0.03772 0.06562 0.0184 20.422 1 0.537264 0.686894 -5.248776 0.210279 2.547508 0.253556
0.00738 0.00948 0.01497 0.02214 0.01778 23.831 1 0.397937 0.732479 -5.557447 0.22089 2.692176 0.215961
0.01732 0.02245 0.0378 0.05197 0.02887 22.0686 10522746 0.737948 -5.571843 0.236853 2.848369 0.219514
0.00889 0.011689 0.01872 0.02666 0.01095 25.908 1 0418622 0720916 -6.18359 0.226278 2.589702 0.147403
0.00883 0.01144 0.01826 0.0265 0.01328 25.119 1 0.358773 0.726652 -6.27169 0.196102 2.314209 0.162999
0.00769 0.01012 0.01661 0.02307 0.00677 25.97 1 0.470478 0.676258 -7.120925 0.279789 2.241742 0.108514

Fig 2: Dataset Part 2
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Matrix column entries (attributes):
name - ASCII subject name and recording number
MDVP:Fo(Hz) - Average vocal fundamental frequency
MDVP:Fhi(Hz) - Maximum vocal fundamental frequency
MDVP:Flo(Hz) - Minimum vocal fundamental frequency
MDVP:Jitter(%),MDVP:Jitter(Abs), MDVP:RAP,MDVP:PPQ,Jitter:DDP - Several
measures of variation in fundamental frequency
MDVP:Shimmer,MDVP:Shimmer(dB),Shimmer:APQ3,Shimmer:APQ5,MDVP:AP
Q,Shimmer:DDA - Several measures of variation in amplitude
NHR,HNR - Two measures of ratio of noise to tonal components in the voice
status - Health status of the subject (one) - Parkinson's, (zero) - healthy
RPDE,D2 - Two nonlinear dynamical complexity measures
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Fig3: Pearson Correlation Heat-map
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sification algorithms were applied to the data-
set. All of them were tree based. DecisionTree,
Random Forest algorithms later followed by
LightGBM and XGBoost were used toachieve
highest accuracy. The reasons behind using
tree-based classification algorithmswere that
they mimic human thinking ability and they
can be easily understood [5]. Thedataset un-
derwent preprocessing initially. All the work
was done in Jupyter Notebook, aninteractive
python notebook software. Name column(attri-
bute) was removed since it isirrelevant and de-
creases the accuracy. Next, correlation matrix
was generated. Correlationmatrix is square and
symmetric [16]. It measures the linear depen-
dency between twoelements. We were specif-
ically using Pearson’s correlation coefficient.
The coefficient canbe equal to any number
between -1 and 1. perfectly negatively linear
correlated variableshave coefficient equal to -1,
highly correlated variables have a correlation
of value 1 and Oindicates no linear correlation
between the two variables. After the removal of
the  Nameattributefromthedataset,correlation-
matrixisgeneratedfortheremaining22features.
The matrix is shown in Fig 3. The matrix was
color coded as ‘cool warm’ to easilyunderstand
the strength of relationship. The stronger rela-
tions have warmer(red) colorgrading while the
weak ones have cool(blue) color grading. All the
diagonal elements willbe red in color and have
correlation coefficient value of 1(since each at-
tribute is mappedto itself). The threshold value
for removal is set to 0.9. Out of 22 features, 11
wereremoved.Newdatasetwascreatedafterre-
movalofhighlycorrelatedfeatures.Thisdataset
was split into training and testing datasets. 30%
was randomly set aside for testingwhile the re-
maining was used to train the model. Two Tree
based algorithms and twoBoosting Algorithms
were used. Brief descriptions of the algorithms
used in this work aregivenbelow.

Decision tree classifier

Decision Tree algorithm breaks a com-
plex problem into a set of decisions which are-
relatively simpler. Every Decision Tree contains

a Root Node, Leaf Nodes and InternalNodes.
DecisionTreeusesEntropy,InformationGainand-
Ginilndexascriteriaforevaluating attributes [17].
It comes under Supervised Learning Algorithms.
Fig 4 shows theDecisionTree generated on this
dataset.

Random forest classifier

Random Forest classification comes
under ensemble learning i.e it's an ensemble
ofDecisionTrees.ltisabagging-basedalgorithm.
ThefundamentalconceptusedbyRandom  For-
est is that a large number of uncorrelated De-
cision Trees operating as onegroupwill outper-
formeach ofthe individual constituenttree [18].

XGBoost classifier

XGBoost is Gradient-Boosting algo-
rithm that makes use of Ensemble Learning and
is tree- based. Each Decision Tree corrects the
errors committed by its predecessor. This meth-
od is called Gradient Boosting. XGBoost makes
use of Gradient Boosted Decision Trees.Each
of these trees then ensemble to give a more ac-
curate model. XGBoost uses Regularization to
penalise complex trees and Cross validation to
avoid overfitting of themodel. performs well be-
cause of its handling of data types, distributions
and the variety of hyper parameters that can be
tuned [19].

Fig4:DecisionTreeGenerated
Light BGM classifier

LightGBM is also a Gradient-Boosting algorithm
that makes use of Ensemble Learning andis-
tree-based.Thisalgorithmsharescommonfea-
turessuchassparseoptimisation,parallel  train-
ing, multiple loss functions and bagging with
XGBoost. But, LightGBM growstrees leaf-wise
instead of level-wise[20]. Out of the boosting
four types of algorithmsavailable,thedefaultop-
tioni.eGBDT(gradientboostingdecisiontree)
wasusedtoimplementthis model.

Flow chart of the proposed work is depicted
in Fig 5

Venkata et al
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Figé shows the scatter plot generated on this
dataset; itcontains11features.

¥ I

Decision Tree Classification is the least perform-
er of all, scoring 88.46%, while Random Forest

Classification and XGBoost scored 93.58% and
96.15% respectively. Light GBM achieved high-
est accuracy of 97.43%. Fig 7-10 shows the
confusion matrices of all the algorithms used.
Confusion Matrix shows the number of True
positive (TP), Truenegative (TN), False positive
(FP) and False negative (FN) instances. Deci-
sion Tree Classifier has shown 57 True positive,
12 true negative, 5 False positive and 4 False
negative instances. Hence a total of 69 instance
have been correct out of 78. Therefore, the ac-
curacy is 88.46%.

&0

Tue label

Predicted label

Fig 6DecisionTree

Tue label

Predicted label

Fig 7RandomForest
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Variousotherparametersareobtainedaswellinor-
dertocomparetheperformances.Theirformulas
are listed below.

Fig 8 XGBoost

Fue label

0 1
Predicted label

Fig 9 LightGBM
The cemetrics were evaluated and listed in the table below.

TP+TN

TP+ FP+FN+IN
i

TP+ FP
TP

TP+ FN

Accuracy =
Precision =

recall =

X Sion X
Rl Score=2 Precisionx recall

Precision+ recall

YI = recall + specificity —1

N
Specificity = m

FP+FN
TP+IN+FN+FP

error _rate =

Algorithm Accuracy Precision Recall F1_score Youdenindex Specificity Error-
Rate
Decision 0.8846 0.9193 1 0.9344 0.9267 0.6402 0.7058 0.1153
Tree
Random 0.9358 0.9375 0.9836 0.9599 0.7483 0.7647 0.0641
Forest
XGBoost 0.9615 0.9677 0.9836 0.9755 0.8659 0.8823 0.0384
LightGBM 0.9743 0.9682 1.0000 0.9838 0.8823 0.8823 0.0256
100 Il Decision 100 ] $lh'-=»oﬂ
Tree o]
-gmnom o || :nndnm
N o x:;:mt - . leBoost
f o 3 " =
B0
" raarmee 1 5 Tree-Algorithms.
Algorithms Algerthins

Fig 10: Accuracy

Fig 11: Precision
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Trase-Algorithrms Trée-Algorithms
Algorithms Algonihms
Fig 12: Specificity Fig 13: Error rate
9 I Decision 1o I Decision
Trew Tree
. Random B Random
0 Forgst ] Forest
-1 N XGBoost N XGBoost
E, I Light g I Uight
E &0 BGM :| a0 BGM
TO . T0
L] (1]
Tree-Algorithms Trea-Algarithms
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Fig 14: Youden-Index Fig 15: F1_score
100 -
- m”" Author AlgorithmUsed Accuracy
Il Random
& Ferost Kuresanetal, HMM 95.16%
B xGBoost | 2019[21]
E I Light
e ® BaM Hakan CNN 83.3%
Gunduz[22] SVM 86.9%
7o Marar et al, ANN 94.87%
2018[23]
60 _ Goyalet.al[24] XGBoost 91.40%
Trise-Rigoritherss
. Mathuretal[25] KNN+Adaboost | 91.28%
) ’ KNN+MLP 91.28%
Fig 16: Recall KarapinarSen- SVM 93.84%
Fig 17-19 shows the code snippets of this work. | turk,2020[26]
They are screenshots of python notebook (.ip- | ProposedWork LightGBM 97.43%

ynb) file in jupyter notebook workspace.

Comparing with the work done by other
researchers, this method achieved highest ac-
curacy of 97.43% using LightGBM. Kuresanet.al
[21] got 95.16% percent accuracy using HMM,
while the work of other researchers is portrayed
in the table below.

The workflow ofthe proposed model is
summarised below:

In (1): inport pandas as pd
import numpy as np

195 rows x 24 columns

FEE. 5ei
H
BEEIE BEEEI

o=
ER ]
H
H

Fig17: Importing libraries and loading the dataset
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Fig18: Fitting the model with training data
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Fig19: Generating the correlation matrix and print-
ing the accuracy

(1)Retrieve the dataset. (2)Calculate
Pearson correlation coefficient tand generate
cool warm colour graded matrix. (3)Remove
one of the highly correlated features(coeffi-
cient>0.9). (4)Split the dataset into training and
testing data. (5)BuildML model using Decision-
Tree, Random Forest, XGBoost, LightGBM al-
gorithms. (6)Fit the models with training data.
(7)Obtain the values of Accuracy, Precision,
Recall, F1_score, Specificity and Error Rate. (8)
Generate confusion matrices of the four mod-
els. (9)Compare the models using the obtained
parameters.

Conclusion

Early detection of PD is essential to
initiate appropriate treatment and to better un-
derstand the disease. Voice data is extremely
important for this study. Machine Learning al-
gorithms continue to prove useful in the area
of medical diagnosis. The present method per-
forms diagnosis of PD by making use of tree-
based machine learning algorithms. LightGBM
achieved the highest accuracy of 97.43%.

The results show that boosting tree algorithms
achieved better accuracy than regular tree-
based algorithms as XGBoost and LightGBM
performed superiorly. This method provides an
automated diagnosis of PD and achieves clini-
cal level accuracy. Application of this work will
have great impact on health care system by im-
proving the diagnosis of PD and thereby reduce
its severity.

Future Scope

XGBoost and LightGBM can further
be hyper parameter tuned in order to produce
desired results. Performance of the ML model
can further be improved by tuning. This however
can vary depending on the dataset taken and
the features selected. This Model can further be
evaluated on larger datasets and accuracy can
be tested.
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Abstract

Parkinson’s Disease (PD), also known
as primary Parkinsonism is a persistent, idio-
pathic, degenerative nervous disorder which re-
sults from lack of dopaminergic neurons in the
substantia nigra pars compacta, which is the
source of nigrostriatal dopamine pathway with-
in the midbrain. The clinical detection relies on
motor symptoms recognition. Significant neu-
rological damage is already done by the time
motor symptom occur. Early detection is nec-
essary to stalk the progression of the disease.
The problem of detection of PD comes under
classification. Several tree-based classification
algorithms were applied to the dataset retrieved
from UCI machine learning database. The data-
set was first split into train and test data. Various
models were created using four different algo-
rithms. Correlation coefficients were calculat-
ed for each of the features in the dataset. The
model was fitted with train data obtained after
removing highly correlated features. Predictions
were made and various parameters were con-
sidered for comparison. Accuracy, precision,
recall, F1-Score, Youden Index, error rate and
specificity were the parameters calculated. Out
of the four algorithms (Decision Tree, Random
Forest, XGBoost and LightGBM), LightGBM

achieved the highest accuracy of 97.43%.

Keywords: Parkinson’'s Disease (PD),
LightGBM, Pearson Correlation, Accuracy, Er-
ror Rate, Jupyter Notebook.

Introduction

Parkinson’s Disease (PD) also known
as primary Parkinsonism is a persistent, idio-
pathic, degenerative nervous disorder which
results from lack of dopaminergic neurons in
the substantia nigra pars compacta, which is
responsible for nigrostriatal dopamine pathway
within the midbrain (1). Some of the symptoms
of PD include bradykinesia, rigidity, and rest
tremor. Resting tremor (initially unilateral), rig-
idness, bradykinesia (slow movements), dis-
similarities in gait, and unstable posture come
under the motor symptoms while cognitive
changes, behavioural and neuropsychiatric
changes, autonomic nervous system failure,
sensory and sleep disturbances come under
non-motor symptoms (1). Motor and non-motor
symptoms are used to diagnose PD. Non-motor
issues of the disease can become more trou-
blesome as the disease progresses (2). Also,
voice and speech impairment typically occur in
PD patients. The loss of ability to communicate

Venkata Srinivas et al



Current Trends in Biotechnology and Pharmacy

809

Vol. 17(2) 808 - 818, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2023.2.19

properly is the main source of disability in pa-
tients. The multidimensional irregularities in the
speech such as hoarse voice, reduced loud-
ness, and restricted pitch variability (Mono pitch
and Mono loudness), imprecise articulation and
abnormalities of speech rate, and pause ratio
can be attributed to the loss of dopaminergic
neurons (3). Voice and speech performance will
show further deterioration in the course of time
which hints at nondopaminergic mechanisms of
progression of dysarthrophonia. Early detection
reduces the disease progression and limits the
treatment expenses. Several machine learning
algorithms can be used for the detection of PD
in preliminary stages using voice data. Machine
learning algorithms have made commendable
progress in medical diagnosis in the recent
times because of their ease in implementation.
The current study aims to utilise the MLalgo-
rithms to facilitate early detection of the disease.
A total of four ML algorithms were used in this
study. They are Decision Tree, Random Forest,
XGBoost and LightGBM classifiers.

Review of Literature

10 million people (about half the popu-
lation of New York) worldwide have PD from the
information found in Parkinson’s diseases foun-
dation (2015). Death and disability due to PD
is increasing faster than any other neurological
disease according to WHO. One in every 500
people have PD in Britain and this number is
expected to grow threefold by 2050 according
to Parkinson’s Disease Society website. This ill-
ness effects people from 50 -70 years old and
becomes worse over time. Diagnosis of PD is
heavily reliant on evaluation of motion which is
difficult to detect by human sight. This method
aims to overcome these difficulties and improve
the assessment process by employing machine
learning algorithms (6). One attempt was made
by implementing Convolutional Neural Networks
(CNNs). They were used to classify gait signals
converted to spectrogram images by image
classification on a big-scale and deep dense Ar-

tificial Neural Networks (ANNs) were employed
to predict PD at an early stage. Voice recordings
were used in this instance. A total of 54 studies in
the category ‘Diagnosis of PD’ were examined.
Out of them 33 studies used datasets from UCI
machine learning repository, mPower and Phys-
ioNet databases. In one of the study, data from
public repositories was joined with local data
bases (7). 14 studies performed diagnosis as
well as differential diagnosis. Research articles
not written in English were not considered. Most
commonly voice data was used, while some
studies also used MRI, movement, handwriting
patterns and SPECT imagining data. The most
common metric used for assessment of perfor-
mance was accuracy. Most methods are based
on speech data (8), gait patterns (9), cardiovas-
cular oscillations (10), smell identification (11)
and force tracking data (12). A one- dimensional
neural network relying on signals of gait was in-
troduced to detect PD in (13). It should be noted
that accuracy is low when using gait analyses
because of background noise in voice record-
ings, causing false positives. Detection of motor
impairment based on mobile screen typing was
introduced in (14). Four classifiers, namely De-
cision Tree, Regression, DMneural and Neural
Networks (NN) are used and their performances
are compared in (15), in which the best accura-
cy of 92.90% was achieved by NN algorithm.
Early and accurate detection of PD is essential
to stalk the progression of the disease.

Methodology

The dataset was retrieved from UCI
machine learning repository. It was created by
University of Oxford and National Centre for
Voice and Speech, Denver, Colorado. The data-
set contains voice measurements from 31 peo-
ple, and 23 with PD. It has a total of 195voice
recordings (4). The data aims to discriminate
PD people from healthy people. The status col-
umn denotes ‘0’ for healthy and ‘1’ for PD affect-
ed persons. There are about 5-6recordings for
each patient.
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name MDVP:Fo(Hz) MDVP:Fhi(Hz) MDVP:Flo(Hz) MDVP:lJitter(%) MDVP:Jitter(Abs) MDVP:RAP MDVP:PPQ JitterzDDP MD'
phon_RO1_S01_1 119.992 157.302 74.997 0.00784 0.00007 0.0037 0.00554 0.01109 0.04374 0.426
prhon_RO1_S01_2 122.4 148.65 113.819 0.00968 0.00008 0.00465 0.00696 0.01394 0.06134 0.626
phon_RO1_S01_3 116.682 131.111 111.555 0.0105 0.00009 0.00544 0.00781 0.01633 0.05233 0.482
phon_RO1_S01_4 116.676 137.871 111.366 0.00997 0.00009 0.00502 0.00698 0.01505 0.05482 0.517
phon_R0O1_S01_5 116.014 141.781 110.655 0.01284 0.00011 0.00655 0.00908 0.01966 0.06425 0.584
phon_R01_S01_6 120.552 131.162 113.787 0.00968 0.00008 0.00463 0.0075 0.01388 0.04701 0.456
phon_R01_S02_1 120.267 137.244 114.82 0.00333 0.00003 0.00155 0.00202 0.00466 0.01608 0.14
prhon_RO1_S02 2 107.332 113.84 104.315 0.0029 0.00003 0.00144 0.00182 0.00431 0.01567 0.134
pPhon_R01_S02_3 95.73 132.068 91.754 0.00551 0.00006 0.00293 0.00332 0.0088 0.02093 0.191
phon_R01_S02_4 95.056 120.103 91.226 0.00532 0.00006 0.00268 0.00332 0.00803 0.02838 0.255
phon_R0O1_S02_5 88.333 11224 84.072 0.00505 0.00006 0.00254 0.0033 0.00763 0.02143 0.197
phon_R01_S02 6 91.904 115.871 B6.292 0.0054 0.00006 0.00281 0.00336 0.00844 0.02752 0.249
pPhon_R01_S04_1 136.926 159.866 131.276 0.00293 0.00002 0.00118 0.00153 0.00355 0.01259 0.112
phon_R01_S04_2 139.173 179.139 76.556 0.0039 0.00003 0.00165 0.00208 0.00496 0.01642 0.154
pPhon_R01_S04_3 152.845 163.305 75.836 0.00294 0.00002 0.00121 0.00149 0.00364 0.01828 0.158
phon_R01_S04_4 142.167 217.455 83.159 0.00369 0.00003 0.00157 0.00203 0.00471 0.01503 0.126
phon_RO1_S04_5 144.188 349259 B82.764 0.00544 0.00004 0.00211 0.00292 0.00632 0.02047 0.192
phon_R01_S04 6 168.778 232.181 75.603 0.00718 0.00004 0.00284 0.00387 0.00853 0.03327 0.348
phon_RO1_S05 1 153.046 175.829 68.623 0.00742 0.00005 0.00364 0.00432 0.01092 0.05517 0.542
phon_R01_S05_2 156.405 189.398 142.822 0.00768 0.00005 0.00372 0.00399 0.011186 0.03985 0.348
phon_R01_S05_3 153.848 165.738 65.782 0.0084 0.00005 0.00428 0.0045 0.01285 0.0381 0.328
phon_R01_S05 4 153.88 172.86 78.128 0.0048 0.00003 0.00232 0.00267 0.00696 0.04137 0.37
phon_R0O1_S05_§5 167.93 193.221 79.068 0.00442 0.00003 0.0022 0.00247 0.00661 0.04351 0.377
phon_R01_S05_6 173.917 192.735 86.18 0.00476 0.00003 0.00221 0.00258 0.00663 0.04182 0.364
phon_R01_S06_1 163.8656 200.841 76.779 0.00742 0.00005 0.0038 0.0039 0.0114 0.01659 0.164
phon_RO1_S06_2 104.4 206.002 77.968 0.00633 0.00006 0.00316 0.00375 0.00948 0.03767 0.381
phon_R01_S06_3 171.041 208.313 75.501 0.00455 0.00003 0.0025 0.00234 0.0075 0.01966 0.186
phon_RO1_S06 4 146.845 208.701 81.737 0.00496 0.00003 0.0025 0.00275 0.00749 0.01919 0.198
phon_RO1_S06_§5 155.358 227.383 80.055 0.0031 0.00002 0.00159 0.00176 0.00476 0.01718 0.161
Fig1DatasetPart1
Shi PQ3 Shi APQS5 MDVP:APQ Shimmer:DDA NHR HNR status RPDE DFA spreadi spread2 D2 PPE
0.02182 0.0313 0.02971 0.06545 0.02211 21.033 1 0.414783 0.815285 -4.813031 0.266482 2.301442 0.284654
0.03134 0.04518 0.04368 0.09403 0.01929 19.085 1 0.458359 0.819521 -4.075192 0.33559 2.486855 0.368674
0.02757 0.03858 0.0359 0.0827 0.01309 20.851 1| 0.429895 0.825288 -4.443179 0.311173 2.342259 0.332634
0.02924 0.04005 0.03772 0.08771 0.01353 20.644 1 0.434969 0819235 -4.117501 0.334147 2.405554 0.368975
0.0349 0.04825 0.04485 0.1047 0.01767 19.649 1 0.417356 0.823484 -3.747787 0.234513 2.33218 0.410335
0.02328 0.03526 0.03243 0.06985 0.01222 21.378 1 0.415564 0.825069 -4.242867 0.299111 2.18756 0.357775
0.00779 0.00937 0.01351 0.02337 0.00607 24.886 1 0.59604 0.764112 -5.634322 0.257682 1.854785 0.211756
0.00829 0.00946 0.01256 0.02487 0.00344 26.892 1 0.63742 0.763262 -6.167603 0.183721 2.064693 0.163755
0.01073 0.01277 0.01717 0.03218 0.0107 21.812 1 0.615551 0.773587 -5.498678 0.327769 2.322511 0.231571
0.01441 0.01725 0.02444 0.04324 0.01022 | 21.862 1| 0.547037 0.798463 -5.011879 0.325996 2.432792 0.271362
0.01079 0.01342 0.01892 0.03237 0.01168  21.118 1| 0.611137 0.776156 -5.24977 0.391002 2.407313 0.24974
0.01424 0.01641 0.02214 0.04272 0.01141 21.414 1 0.58339 0.79252 -4.960234 0.363566 2.642476 0.275931
0.00656 0.00717 0.0114 0.01968 0.00581 25.703 1 0.4606 0.646846 -6.547148 0.152813 2.041277 0.138512
0.00728 0.00932 0.01797 0.02184 0.01041 24.889 1 0.430166 0665833 -5.860217 0.254989 2.519422 0.199889
0.01064 0.00972 0.01246 0.03191 0.00609 24.922 1 0.474791 0.654027 -6.105098 0.203653 2.125618 0.1701
0.00772 0.00888 0.01359 0.02316 0.00839 25.175 1 0.565924 0.658245 -5.340115 0.210185 2.205546 0.234589
0.00969 0.012 0.02074 0.02908 0.01859  22.333 1 0.56738 0.644692 -5.44004 0.239764 2.264501 0.218164
0.01441 0.01893 0.0343 0.04322 0.02919 | 20.376 1| 0.631098 0.605417 -2.93107 0.434326 3.007463 0.430788
0.02471 0.03572 0.057867 0.07413 0.0316 17.28 1 0.665318 0.719467 -3.949079 0.35787 3.10901 0.377429
0.01721 0.02374 0.0431 0.05164 0.03385 17.153 1| 0.649554 0.68608 -4.554466 0.340176 2.858676 0.322111
0.01667 0.02383 0.04055 0.05 0.03871 17.536 1 0.660125 0.704087 -4.095442 0.262564 2.73971 0.365391
0.02021 0.02591 0.04525 0.06062 0.01849 19.493 1 0.629017 0.698951 -5.18696 0.237622 2.557536 0.259765
0.02228 0.0254 0.04246 0.06685 0.0128 22.468 1 0.61906 0.679834 -4.330956 0.262384 2916777 0.285695
0.02187 0.0247 0.03772 0.06562 0.0184 20.422 1 0.537264 0.686894 -5.248776 0.210279 2.547508 0.253556
0.00738 0.00948 0.01497 0.02214 0.01778 23.831 1 0.397937 0.732479 -5.557447 0.22089 2.692176 0.215961
0.01732 0.02245 0.0378 0.05197 0.02887 22.0686 10522746 0.737948 -5.571843 0.236853 2.848369 0.219514
0.00889 0.011689 0.01872 0.02666 0.01095 25.908 1 0418622 0720916 -6.18359 0.226278 2.589702 0.147403
0.00883 0.01144 0.01826 0.0265 0.01328 25.119 1 0.358773 0.726652 -6.27169 0.196102 2.314209 0.162999
0.00769 0.01012 0.01661 0.02307 0.00677 25.97 1 0.470478 0.676258 -7.120925 0.279789 2.241742 0.108514

Fig2DatasetPart2
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Matrix column entries (attributes):
name - ASCII subject name and recording number
MDVP:Fo(Hz) - Average vocal fundamental frequency
MDVP:Fhi(Hz) - Maximum vocal fundamental frequency
MDVP:Flo(Hz) - Minimum vocal fundamental frequency
MDVP:Jitter(%),MDVP:Jitter(Abs), MDVP:RAP,MDVP:PPQ,Jitter:DDP - Several
measures of variation in fundamental frequency
MDVP:Shimmer,MDVP:Shimmer(dB),Shimmer:APQ3,Shimmer:APQ5,MDVP:AP
Q,Shimmer:DDA - Several measures of variation in amplitude
NHR,HNR - Two measures of ratio of noise to tonal components in the voice
status - Health status of the subject (one) - Parkinson's, (zero) - healthy
RPDE,D2 - Two nonlinear dynamical complexity measures
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Fig 1 and Fig 2 show a section of the
dataset. The problem of diagnosis of PD come-
sunder classification. Classification algorithms
come under supervised learning. Severalclas-
sification algorithms were applied to the data-
set. All of them were tree based. DecisionTree,
Random Forest algorithms later followed by
LightGBM and XGBoost were used toachieve
highest accuracy. The reasons behind using
tree-based classification algorithmswere that
they mimic human thinking ability and they
can be easily understood [5]. Thedataset un-
derwent preprocessing initially. All the work
was done in Jupyter Notebook, aninteractive
python notebook software. Name column(attri-
bute) was removed since it isirrelevant and de-
creases the accuracy. Next, correlation matrix
was generated. Correlationmatrix is square and
symmetric [16]. It measures the linear depen-
dency between twoelements. We were specif-
ically using Pearson’s correlation coefficient.
The coefficient canbe equal to any number
between -1 and 1. perfectly negatively linear
correlated variableshave coefficient equal to -1,
highly correlated variables have a correlation
of value 1 and Oindicates no linear correlation
between the two variables. After the removal of
the  Nameattributefromthedataset,correlation-
matrixisgeneratedfortheremaining22features.
The matrix is shown in Fig 3. The matrix was
color coded as ‘cool warm’ to easilyunderstand
the strength of relationship. The stronger rela-
tions have warmer(red) colorgrading while the
weak ones have cool(blue) color grading. All the
diagonal elements willbe red in color and have
correlation coefficient value of 1(since each at-
tribute is mappedto itself). The threshold value
for removal is set to 0.9. Out of 22 features, 11
wereremoved.Newdatasetwascreatedafterre-
movalofhighlycorrelatedfeatures.Thisdataset
was split into training and testing datasets. 30%
was randomly set aside for testingwhile the re-
maining was used to train the model. Two Tree
based algorithms and twoBoosting Algorithms
were used. Brief descriptions of the algorithms
used in this work aregivenbelow.

Decision tree classifier

Decision Tree algorithm breaks a com-
plex problem into a set of decisions which are-
relatively simpler. Every Decision Tree contains
a Root Node, Leaf Nodes and InternalNodes.
DecisionTreeusesEntropy,InformationGainand-
Ginilndexascriteriaforevaluating attributes [17].
It comes under Supervised Learning Algorithms.
Fig 4 shows theDecisionTree generated on this
dataset.

Random forest classifier

Random Forest classification comes
under ensemble learning i.e it's an ensemble
ofDecisionTrees.ltisabagging-basedalgorithm.
ThefundamentalconceptusedbyRandom  For-
est is that a large number of uncorrelated De-
cision Trees operating as onegroupwill outper-
formeach ofthe individual constituenttree [18].

XGBoost classifier

XGBoost is Gradient-Boosting algo-
rithm that makes use of Ensemble Learning and
is tree- based. Each Decision Tree corrects the
errors committed by its predecessor. This meth-
od is called Gradient Boosting. XGBoost makes
use of Gradient Boosted Decision Trees.Each
of these trees then ensemble to give a more ac-
curate model. XGBoost uses Regularization to
penalise complex trees and Cross validation to
avoid overfitting of themodel. performs well be-
cause of its handling of data types, distributions
and the variety of hyper parameters that can be
tuned [19].
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1219
a7 gini = 0.49.
1 s 7
value = 16, 7] vl 3
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Fig4:DecisionTreeGenerated
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LightBGM classifier

LightGBM is also a Gradient-Boosting algorithm
that makes use of Ensemble Learning andis-
tree-based.Thisalgorithmsharescommonfea-
turessuchassparseoptimisation,parallel  train-
ing, multiple loss functions and bagging with
XGBoost. But, LightGBM growstrees leaf-wise
instead of level-wise[20]. Out of the boosting
four types of algorithmsavailable,thedefaultop-
tioni.eGBDT(gradientboostingdecisiontree)
wasusedtoimplementthis model.

IODEL

Fig 5

Fig 6ScatterPlot

Fig6 shows the scatter plot generated on this
dataset; itcontains11features.

Decision Tree Classification is the least perform-
er of all, scoring 88.46%, while Random Forest
Classification and XGBoost scored 93.58% and
96.15% respectively. Light GBM achieved high-
est accuracy of 97.43%. Fig 7-10 shows the
confusion matrices of all the algorithms used.
Confusion Matrix shows the number of True
positive (TP), Truenegative (TN), False positive
(FP) and False negative (FN) instances. Deci-
sion Tree Classifier has shown 57 True positive,
12 true negative, 5 False positive and 4 False
negative instances. Hence a total of 69 instance
have been correct out of 78. Therefore, the ac-
curacy is 88.46%.

60

Tue label

Predicted label

Fig 6DecisionTree

TFue label

Predicted label

Fig 7RandomForest
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Variousotherparametersareobtainedaswellinor-
<« | dertocomparetheperformances.Theirformulas
i are listed below.
40
TP+1IN
30 Accuracy =
TP+ FP+FN+IN
1 57 =0 o TP
Precision = ——
3 TP+ FP
o 1

Tue label

Predicted label recall = TP
Fig 8 XGBoost TP+ FN
o 2X PrecisionXrecall
F1-Score= —
50 Precision+recall
. “° YI = recall + specificity —1
= 30
B - TN
- Specificity = ————
TN + FP
. FP+FN
: ! error rate=
0 1 -
Predicted label TP+TN+FN+FP
Fig 9 LightGBM
The cemetrics were evaluated and listed in the table below.
Algorithm Accuracy Precision Recall F1_score Youdenindex Specificity Error-
Rate
Decision 0.8846 0.9193 1 0.9344 0.9267 0.6402 0.7058 0.1153
Tree
Random 0.9358 0.9375 0.9836 0.9599 0.7483 0.7647 0.0641
Forest
XGBoost 0.9615 0.9677 0.9836 0.9755 0.8659 0.8823 0.0384
LightGBM 0.9743 0.9682 1.0000 0.9838 0.8823 0.8823 0.0256
100 Bl Decsion 100 I Docision
Tree Treo
-hm - -:andnm
o x;'::mt . XGBaoost)
] = -_
K &
B0
" a1 # Tree-Algorithms.
Algorithms Algorthims
Fig 10 Accuracy Fig 11 Precision

Venkata Srinivas et al



Current Trends in Biotechnology and Pharmacy 815
Vol. 17(2) 808 - 818, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.19
100 I Oecision = I Diocisior
Tree Trea
Il Random 40 I Randos,
80 Forest Farest
I xGBoos B XGBoos|
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L e
&0 o
Trase-Algorithrms Trée-Algorithms
Algorithms Algonihms
Fig 12 Specificity Fig 13 Error rate
100 B Decision 100 I Decision
Trew Tree
Il Random Il Random
0 Forgst ] Forest
-1 N XGBoost N XGBoos
E, I Light g I Uight
E &0 BGM :| a0 BGM
TO . T0
L] (1]
Tree-Algorithms Trea-Algarithms
Algorithms
Fig 14 Youden-Index Fig 15 F1_score
100 I Decision Author AlgorithmUsed Accuracy
Tresa
w0 W fandom | Kuresanetal, HMM 95.16%
o xosoost | 2019[21]
1w e oy Hakan CNN 83.3%
@ Gunduz[22] SVM 86.9%
» Marar et al, ANN 94.87%
2018[23]
o Goyalet.al[24] XGBoost 91.40%
Trise-Rigoritherss
. Mathuretal[25] KNN+Adaboost | 91.28%
) ’ KNN+MLP 91.28%
Fig 16 Recall KarapinarSen- SVM 93.84%
Fig 17-19 shows the code snippets of this work. | turk,2020[26]
They are screenshots of python notebook (.ip- | ProposedWork LightGBM 97.43%

ynb) file in jupyter notebook workspace.

Comparing with the work done by other
researchers, this method achieved highest ac-
curacy of 97.43% using LightGBM. Kuresanet.al
[21] got 95.16% percent accuracy using HMM,
while the work of other researchers is portrayed
in the table below.

In (1): inport pandas as pd
import numpy as np

195 rows x 24 columns

FEE. 5ei
H
BEEIE BEEEI

o=
ER ]
H
H

Fig17: Importing libraries and loading the dataset
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Fig18: Fitting the model with training data
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Fig19: Generating the correlation matrix and print-
ing the accuracy

The workflow ofthe proposed model is
summarised below:

(1)Retrieve the dataset. (2)Calculate
Pearson correlation coefficient tand generate
cool warm colour graded matrix. (3)Remove
one of the highly correlated features(coeffi-
cient>0.9). (4)Split the dataset into training and
testing data. (5)BuildML model using Decision-
Tree, Random Forest, XGBoost, LightGBM al-
gorithms. (6)Fit the models with training data.
(7)Obtain the values of Accuracy, Precision,
Recall, F1_score, Specificity and Error Rate. (8)
Generate confusion matrices of the four mod-
els. (9)Compare the models using the obtained
parameters.

Conclusion

Early detection of PD is essential to
initiate appropriate treatment and to better un-
derstand the disease. Voice data is extremely
important for this study. Machine Learning al-
gorithms continue to prove useful in the area
of medical diagnosis. The present method per-
forms diagnosis of PD by making use of tree-

based machine learning algorithms. LightGBM
achieved the highest accuracy of 97.43%.
The results show that boosting tree algorithms
achieved better accuracy than regular tree-
based algorithms as XGBoost and LightGBM
performed superiorly. This method provides an
automated diagnosis of PD and achieves clini-
cal level accuracy. Application of this work will
have great impact on health care system by im-
proving the diagnosis of PD and thereby reduce
its severity.

Future Scope

XGBoost and LightGBM can further
be hyper parameter tuned in order to produce
desired results. Performance of the ML model
can further be improved by tuning. This however
can vary depending on the dataset taken and
the features selected. This Model can further be
evaluated on larger datasets and accuracy can
be tested.

References

1.  Sherer TB, S Chowdhury, K Peabody, D
Brooks: Overcoming obstacles in Par-
kinson’s Disease. Movement Disorders
27(13), 1606-1611 (2012) .

2. National Institute for Health and Clinical
Excellence (2006) Parkinson’s Disease:
Diagnosis and Management in Prima-
ry and Secondary Care. London: NICE
(http:// guidance.nice.org. uk/CG35).

3. Progression of Voice and Speech Impair-
ment in the Course of Parkinson’s Dis-
ease: A Longitudinal Study S. Skodda, W.
Gronheit, N. Mancinelli, and U. Schlegel

4. Exploiting Nonlinear Recurrence and Frac-
tal Scaling Properties for Voice Disorder
Detection’, Little MA, McSharry PE, Rob-
erts SJ, Costello DAE, Moroz IM. BioMed-
ical Engineering OnLine 2007, 6:23 (26
June 2007)

5. Anyanwu MN, Shiva SG. Comparative

Venkata Srinivas et al



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 808 - 818, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.19

10.

11.

analysis of serial decision tree classifi-
cation algorithms. International Journal
of Computer Science and Security. 2009
Jun;3(3):230-40

“Parkinson Disease Detection Using Deep
Neural Networks”, Shivangi, Anubhav
Johri and Ashish Tripathi, Department of
Computer Science Jaypee Institute of In-
formation Technology Noida, India.

Agarwal, A., Chandrayan, S., and Sahu,
S. S. (2016). “Prediction of Parkinson’s
disease using speech signal with Extreme
Learning Machine,” in 2016 Internation-
al Conference on Electrical, Electronics,
and Optimisation Techniques (ICEEOT)
(Chennai), 3776-3779. doi: 10.1109/
ICEEOT.2016.77 55419

H.Gunduz,”Deep learning-based Parkin-
son’s disease classification using vocal
feature sets,” IEEE Access, vol. 7, pp.
115540-115551, 2019.

A. Zhao, L. Qi, J. Li, J. Dong, and H. Yu, “A
hybrid spatio-temporal model for detection
and severity rating of Parkinson’s disease
from gait data,” Neurocomputing, vol. 315,
pp. 1-8, Nov. 2018.

G. Valenza, S. Orsolini, S. Diciotti, L. Citi,
E. P. Scilingo, M. Guerrisi, S. Danti, C. Lu-
cetti, C. Tessa, R. Barbieri, and N. Toschi,
“Assessment of spontaneous cardiovas-
cular oscillations in Parkinson’s disease,”
Biomed. Signal Process. Control, vol. 26,
pp. 80-89, Apr. 2016.

L. Silveira-Moriyama, A. Petrie, D. R. Wil-
liams, A. Evans, R. Katzenschlager, E. R.
Barbosa, and A. J. Lees, “The use of a
colour coded probability scale to interpret
smell tests in suspected Parkinsonism,”
Movement Disorders, vol. 24, no. 8, pp.
1144-1153, Jun. 2009.

12.

13.

14.

15.

16.

17.

18.

19.

817

S. Bilgin, “The impact of feature extraction
for the classification of amyotrophic lateral
sclerosis among neurodegenerative dis-
eases and healthy subjects,” Biomed. Sig-
nal Process. Control, vol. 31, pp. 288-294,
Jan. 2017.

I. El Maachi, G.-A. Bilodeau, and W.
Bouachir, “Deep 1D-convnet for accurate
Parkinson disease detection and severity
prediction from gait,” Expert Syst. Appl.,
vol. 143, Apr. 2020, Art. no. 113075.

T. Arroyo-Gallego, M. J. Ledesma-Car-
bayo, A. Sanchez-Ferro, |.Butterworth, C.
S. Mendoza, M. Matarazzo, P. Montero, R.
Lopez-Blanco, V. Puertas-Martin, R. Trin-
cado, andL. Giancardo, “Detection of mo-
tor impairment in Parkinson’s disease via
mobile touchscreen typing,” IEEE Trans.
Biomed. Eng., vol. 64, no. 9, pp. 1994—
2002, Sep. 2017.

R. Das, “A comparison of multiple classifi-
cation methods for diagnosis of Parkinson
disease,” Expert Syst. Appl., vol. 37, no. 2,
pp. 1568-1572, Mar. 2010.

Cudeck, R. (1989). Analysis of correlation
matrices using covariance structure mod-
els. Psychological Bulletin, 105(2), 317-
327.

Myles, A. J., Feudale, R. N., Liu, Y., Woody,
N. A., & Brown, S. D. (2004). An introduc-
tion to decision tree modelling. Journal of
Chemometrics, 18 (6), 275-285.

Janitza, S., Kruppa, J., Kénig, |.R., &Bou-
lesteix, A.-L. (2012). Overview of random
forest methodology and practical guidance
with emphasis on computational biology
and bioinformatics. WIREs Data Mining
and Knowledge Discovery, 2 (6), 493-507.

Chen T and Guestrin C 2016 XGBoost: A
Scalable Tree Boosting System[J].

Parkinson’s disease Detection Using Tree Based Machine Learning Algorithms



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 808 - 818, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.19

20.

21.

22.

23.

K. Guolin, M. Qi, F. Thomas, W. Taifeng,
C. Wei, M. Weidong, Y. Qiwei, L. Tie-Yan,
“LightGBM: A Highly Efficient Gradient
Boosting Decision Tree,” Advances in
Neural Information Processing Systems
vol. 30, pp. 3149-3157, 2017.

Kuresan, H., Samiappan, D., and Masun-
da, S. (2019). Fusion of WPT and MFCC
feature extraction in Parkinson’s disease
diagnosis. Technol. Health Care 27, 363—
372. doi: 10.3233/THC-181306

Gunduz, Hakan. “Deep learning-based
Parkinson’s disease classification using
vocal feature sets.” IEEE Access 7 (2019):
115540-115551.

Marar, S., Swain, D., Hiwarkar, V., Mot-
wani, N., and Awari, A. (2018). “Predicting
the occurrence of Parkinson’s disease us-
ing various classification models,” in 2018
International Conference on Advanced
Computation and Telecommunication

24.

25.

26.

818

(ICACAT) (Bhopal), 1-5. doi: 10.1109/ICA-
CAT.2018.8933579

Goyal, Jinee, Padmavati Khandnor, and
Trilok Chand Aseri. “A Comparative Analy-
sis of Machine Learning classifiers for Dys-
phonia-based classification of Parkinson’s
Disease.” International Journal of Data
Science and Analytics 11, no. 1 (2021): 69-
83.

Mathur, Richa, Vibhakar Pathak, and De-
vesh Bandil. “Parkinson disease predic-
tion using machine learning algorithm.” In
Emerging Trends in Expert Applications
and Security, pp. 357-363. Springer, Sin-
gapore, 2019.

KarapinarSenturk, Z. (2020). Early di-
agnosis of Parkinson’s disease us-
ing machine learning algorithms. Med.
Hypoth. 138:109603. doi: 10.1016/].
mehy.2020.109603

Venkata Srinivas et al



Current Trends in Biotechnology and Pharmacy

819

Vol. 17(2) 819 - 827, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2023.2.20

Development and Validation of Stability Indicating
Rp-hplc Method for Quantitative Estimation of
Lenalidomide in Lenalidomide Capsules Dosage Form

Ponnuri Bharath', P V Surendra Gupta', *Dittakavi Ramachandran

'Department of Chemistry, University College of Sciences, Acharya Nagarjuna University,
Guntur-522 510, Andhra Pradesh, India.

Corresponding author E-mail: dittakavirc@gmail.com

Abstract

Highly sensitive RP-HPLC method
developed for the quantification of Lenalidomide
in Lenalidomide capsules dosage formulations.
Samples are analyzed by means of reverse
phase (RP-HPLC) using stationary phase an
Kromasil C18 (150 x 4.6 mm, 5um) and the
mobile phase consisted of pH 2.5 phosphate
buffer and acetonitrile in the ratio of (90:10
volume/volume). The flow rate is 1.0 mL/min.
The column temperature was maintained at
30°C and sample cooler temperature was
maintained at 5°C, injection volume 10 uL and
wavelength 210 nm. The developed HPLC
method was validated with respect to specificity,
precision, linearity, accuracy, solution stability
and filter study. Validation study compared as
per ICH guideline.

Key words: Lenalidomide, Forced degradation,
validation and liquid chromatography.

Introduction

Lenalidomide (3-(4-amino-1-oxo
1,3-dihydro-2H-isoindol-2-yl) piperidine-
2,6-dione) is an orally available thalidomide
analog, which is showing both anti-angiogenic
and immunomodulatory/anti-inflammatory
properties. Lenalidomide is a drug used to

treat multiple myeloma, smoldering myeloma,
and myelodysplastic syndromes (MDS) (1-7).
It is marketed under the brand name Revlimid
among other names. Figure 1 illustrates its
chemical structure.

O

N O
NH

NH, O

Figure 1. Chemical structure of Lenalidomide

According to an analysis of the
literature, significant pharmacopeias, including
the USP, EP, JP, and BP, do not include any
LC procedures. Lenalidomide and its impurities
have only been estimated using a few analytical
techniques employing RP-HPLC and LC-MS
techniques (8—11).

As a result, we worked to create an
HPLC technique for quantifying lenalidomide
in dosage forms for lenalidomide capsules. In

RP-HPLC Method for quantitative estimation of lenalidomide
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accordance with ICH recommendations (12—
13), the current study presents a straightforward
HPLC approach for the measurement of
lenalidomide in lenalidomide capsule dose
formulations.

Materials and Methods

Potassium dihydrogen orthophosphate,
orthophosphoric  acid, Hydrochloric acid,
Sodium hydroxide and Hydrogen peroxide
purchased from Merck, Mumbai, India.
Acetonitrile, Methanol and Milli-Q water HPLC
grade procured from Merck, India.

Preparation of pH 2.5 phosphate buffer

Potassium dihydrogen orthophosphate
was carefully weighed at 1.3654 g and then
added to 1000 mL of water, where it was well
mixed. Then a diluted orthophosphoric acid
solution was used to get the pH to 2.5. Filtered
and sonicated to remove gas using a 0.45
membrane.

Preparation of mobile phase

Prepared a mixture of 900 mL of pH 2.5
phosphate buffer and 100mL of acetonitrile in
the ratio of 900:100 (%V/v).

Preparation of diluent
Mobile phase used as diluent.
Preparation of standard solution

Weighed and transferred 10,418
mg of Lenalidomide standard into a 100 mL
volumetric flask, added about 70 mL of diluent,
and sonicated until the standard was dissolved.
Dilution to volume with diluent and thorough
mixing.

Preparation of sample solution for 2.5 mg

Taken 1 capsule was placed in a 25
mL volumetric vial, 15 mL of diluent was added,
and the mixture was sonicated for at least 20
minutes with intermittent stirring before being
diluted to volume with diluent and thoroughly
mixed. 10 minutes of centrifugation at 3000

revolutions per minute.
Preparation of sample solution for 5 mg

Taken 1 capsule was placed in a 50
mL volumetric vial, 30 mL of diluent was added,
and the mixture was sonicated for at least 20
minutes with intermittent stirring before being
diluted to volume with diluent and thoroughly
mixed. 10 minutes of centrifugation at 3000
revolutions per minute.

Preparation of sample solution for 7.5 mg

Taken 1 capsule was placed into a 100
mL volumetric vial, 75 mL of diluent was added,
and the mixture was sonicated for at least 20
minutes with intermittent stirring before being
diluted to volume with diluent and thoroughly
mixed. 10 minutes of centrifugation at 3000
revolutions per minute.

Preparation of sample solution for 10 mg

Taken 1 capsule was placed into a 100
mL volumetric vial, 75 mL of diluent was added,
and the mixture was sonicated for at least 20
minutes with intermittent stirring before being
diluted to volume with diluent and thoroughly
mixed. 10 minutes of centrifugation at 3000
revolutions per minute.

Preparation of sample solution for 15 mg

Taken 1 capsule was placed in a
200 mL volumetric flask along with 150 mL of
diluent, which was then sonicated for at least
20 minutes with periodic shaking before being
diluted to volume with diluent and well mixed.
Centrifuge the mixture for ten minutes at 3000
rpm.

Preparation of sample solution for 20 mg

Taken 1 capsule was placed in a
200 mL volumetric flask along with 150 mL of
diluent, which was then sonicated for at least 20
minutes with periodic shaking. The diluent was
then diluted to the volume before being mixed.
The solution should be centrifuged at 3000 rpm
for 10 minutes.
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Preparation of sample solution for 25 mg

Taken 1 capsule was placed into a
250 mL volumetric flask, 150 mL of diluent
was added, and the mixture was sonicated for
at least 20 minutes with intermittent stirring
before being diluted to volume with diluent and
thoroughly mixed. 10 minutes of centrifugation
at 3000 revolutions per minute.

Method development

Lenalidomide drug substance’s
maximum UV absorbance (max) was found
at 210 nm, according to the UV-spectroscopic
study.

Different mobile phases were used
to generate an ideal peak shape in order to
establish an appropriate and reliable HPLC
technique for the analysis of lenalidomide
in the dose form of capsules. Starting with
Zodiac C18 (150x4.6mm, 3.5 m), the technique
development was carried out using various
mobile phase compositions, such as 0.1%
orthophosphoric acid buffer and acetonitrile in
an 85:15 volume/volume ratio. It was shown
that greater retention times and unsatisfactory
peak tailing occurred when lenalidomide was
administered. The component was not suited
for the stationary phase in the column. Change
the column for the next experiment from Inertsil
ODS-3V to Hypersil BDS. Lenalidomide was
eluted at a void volume with an undesirable
peak shape. Change the column for the next
experiment from Hypersil BDS to Kromasil C18
(150 x 4.6mm, 5). The peak fronting of the usual
Lenalidomide injection was unsatisfactory.

The mobile phase for the following
experiment was composed of pH 2.5 phosphate
buffer and acetonitrile in a volume-to-volume
ratio of 90:10, a flow rate of 1.0 mL/min,
a column temperature of 30°C, and a sampler
cooler kept at 5°C. At 210 nm, UV detection was
carried out. Lenalidomide was eluted at 9.50
minutes, and a satisfactory peak shape was
observed. Figure 2 displays the chromatogram
of the Lenalidomide standard generated by

the suggested technique. Table 1 displays the
method’s system suitability results.

Optimized chromatographic conditions

A Waters 2489 UV detector/2695
Separation Module with Empower3 software
was used for the analysis. A Kromasil C18
(150 x 4.6mm, 5 m) column was employed as
the stationary phase. Acetonitrile and pH 2.5
phosphate buffer in the mobile phase at a 90:10
volume/volume ratio. It moves at a rate of 1.0
mL/min. The sample cooler temperature was
kept at 5°C, while the column temperature was
kept at 30°C. The injection volume was 10 L,
and the UV detection wavelength was 210 nm.

—Lenalidomide - 9.591

0004 ~—

T T T T T T
200 400 800 200 1000 1200 1400
Minues

Figure 2. Typical chromatogram of Lenalidomide
standard

Results and Discussion

The following parameters were used
to thoroughly verify the devised RP-HPLC
technique for the assay of lenalidomide in the
formulation of lenalidomide capsules.

Specificity and System suitability
Blank and Placebo interference:

The research was done to see if
placebo and blank effects interfered. The
chromatography was injected with diluent and
a placebo at the chromatographic conditions
mentioned above, and the chromatograms of
the two samples were recorded. The retention
period of the signal for lenalidomide was not
seen on the chromatogram of the blank solution
in Figure 3. This shows that the diluent solution
used to prepare the sample does not affect the
estimate of lenalidomide in the dose form \

RP-HPLC Method for quantitative estimation of lenalidomide
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of lenalidomide capsules. Similar to this, the
chromatogram of the placebo solution (Figure
4) did not exhibit any peaks at the Lenalidomide
peak retention period. This shows that the
placebo used to prepare the sample does not
affect how much lenalidomide is estimated in the
formulation of the lenalidomide capsules. Table
2 displays the method’s specificity findings.

0s0]

o0

0401

o020

.00

Figure 4. Typical chromatogram placebo

Table 1. System suitability results

S.No. System suitability . .
parameters Lenalidomide
1 Retention Time 9.591
2 Tailing factor 1.0
3 Theoretical plates 11292
4 %RSD of five replicate 0.10
standard solution :
Table 2. Specificity results
Retention
S. No Name . . Blank | Placebo
Time(min)
1 Blank ND NA NA
2 Placebo ND NA NA
solution
3 Standard | g 5a6 No No
sSqutlcig
amp
4 solution 9.554 No No

Force Degradation studies

To effectively separate degradants and
contaminants from lenalidomide, research was
done. The following stress conditions were
applied to separate parts of the sample and
placebo solutions in order to cause deterioration.
Samples were fed into the HPLC system using
a PDA detector, both stressed and unstressed.
The findings of the degradation investigation
were shown in Table 3.

Table 3. Forced degradation results

os0] é o Stress Degradation o %
X 1 5, condition %ASSAY | pegradation
R il 1 | Unstressed Sample 100.6 N/A
ol B | “Li Base stress sample
“““““““““““ L 2 | (0.01N) 90.6 10
. ” e > > ® Xa(gHISmLM 5mir|1/BT)
. . cid stress sample
Figure 5. Typical chromatogram standard 3 | (02N P 815 19.1
, HCI/5mL/50°C/2.0 hrs.)
. Peroxide stress sample
os0] g 4 | (30%H,0O,/5mL/4hours/ 89.9 10.7
H RT)
E Thermal stress sample
F oo i 5 | (80°C/48 hours) 95.3 53
oz Water degradation at
s ) I 6 | (5mL/50°C/2Hrs) 93.3 3

— T
200 400 600 800 1000 1200 1400

Figure 6. Typical chromatogram sample

The circumstances of acid, alkali, and
peroxide stress showed significant deterioration.
Thus, it may be inferred that Lenalidomide is
susceptible to oxidation, alkali, and acid.
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System precision

The standard solution was made
in accordance with the test procedure,
administered six times via the HPLC system,
and the % RSD for the area responses was
assessed. Table 4 presented the information.

Table 4. System precision results

S.No. No. of injections Peak area
1 Inj-1 6690611
2 Inj-2 6693203
3 Inj-3 6673512
4 Inj-4 6665745
5 Inj-5 6680308
6 Inj-6 6696503
Average 6683314
STDEV 12155.4371
% RSD 0.2

Table 5. Method precision results (% Assay)

Results from six replicates of the
standard solution were determined to have a
relative standard deviation that was within the
permissible range.

Method precision

Six samples of Lenalidomide capsules
(2.5,5.0, 7.5, 10, 15, and 25mg) were assayed
to determine the accuracy of the test procedure.
For each test preparation, the amount of
Lenalidomide in mgand percentwas determined.
Calculations were used to determine the six
preparations’ average contents and the six
observations’ percent RSD. Table 5 presented
the information.

Assay compliance rates overall and
per person are within the parameters of the
test technique. Six test preparations’ relative
standard deviations were determined to be
within the specified range.

S. No Preparations 2.5mg 5 mg 7.5mg | 10mg | 15mg | 20mg | 25 mg
1 Preparation 1 99.3 99.4 99.5 99.5 99.6 100.1 100.1
2 Preparation 2 99.7 99.8 99.4 99.4 99.9 100.2 100.2
3 Preparation 3 99.1 99.9 99.9 99.5 99.5 100.6 100.6
4 Preparation 4 100.3 99.2 99.7 99.1 99.6 99.5 100.0
5 Preparation 5 100.1 100.2 100.4 99.0 99.3 99.4 100.3
6 Preparation 6 99.0 100.3 100.5 99.2 99.9 100.8 100.5
Average 99.6 99.8 99.9 99.3 99.6 100.1 100.3
SD 0.5382 | 0.4336 | 0.4604 | 0.2137 | 0.2338 | 0.5657 | 0.2317
%RSD 0.54 0.43 0.46 0.22 0.23 0.57 0.23
Linearity shown in Figure 7. Table 6 is a summary of the
, . . observations.
By preparing solutions with

concentration levels ranging from 25% to 150%
of the usual concentration level, the linearity
of the detector response for lenalidomide
was proven. These solutions were added to
the HPLC apparatus, and the results of the
system’s reactions were noted. It was done to
plot concentration vs. peak area. It investigated
how closely concentration and reaction
correlated. As a result, a linear standard curve
for the HPLC technique was determined and is

5
12000000 Linearity graph of Lenalidomide
10000000

8000000

6000000

4000000

Area Response

y =65.828.1034x- 56,617.1080

2000000 R*=0.9999

T T
0 25 50 75 100 125

Concentration ng/mL

Figure 7. Calibration curve for Lenalidomide
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Table 6. Linearity studies for Lenalidomide

S. No Linearity Level Concentration (ppm) Area response
1 Linearity at 25% 25.6447 1668499
2 Linearity at 50% 51.2894 3283725
3 Linearity at 75% 76.9341 5001364
4 Linearity at 100% 102.5788 6693920
5 Linearity at 125% 128.2235 8366385
6 Linearity at 150% 153.8681 10097379
Correlation coefficient (r?) 0.9999
Intercept -56.617.1080
Slope 65828.1034
% Y-intercept 0.98

Table 7. Recovery studies for Lenalidomide

% Level pg added pg found % Recovery Mean % Recovery
50% level-1 50.3168 50.1151 99.6
50% level-2 50.1723 49.7936 99.2 99.5
50% level-3 49.8353 49.6774 99.7
100% level-1 101.2113 100.9433 99.7
100% level-2 101.2595 100.5417 99.3 99.5
100% level-3 101.5484 101.0747 99.5
150% level-1 150.7095 149.9274 99.5
150% level-2 150.6132 150.0996 99.7 99.8
150% level-3 150.8540 151.0583 100.1

Accuracy

By making recovery samples of
Lenalidomide at concentrations ranging from
50% to 150% of the intended concentration
level, the test method’s accuracy was put to
the test. For each concentration level of 50%
and 150%, the recovery samples were made
in triplicate preparations on Lenalidomide
API spiked to placebo and then examined in
accordance with the suggested procedure. The
% recovery of each sample was computed for
the quantity added after the chromatography of
the aforementioned samples. By calculating the
relative standard deviation of six preparations

for 50% and 150% level recovery sample data,
it was possible to assess the accuracy of the
recovery at each level. The gathered information
is shown in Table 7.

Solution stability

Standards for  solution  stability
and sample solutions were created under
various circumstances, including bench top at
ambient temperature and in a refrigerator at 2
to 8°C. The stability of standard and sample
solutions was ascertained by contrasting
previously created standard and sample
solutions with recently prepared standard
solutions.
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Table 8. Solution stability of standard

Time Similarity factor
Interval Room temperature | Refrigerator
Initial NA NA
24hrs 1.09 1.04
48hrs 1.11 1.08
Table 9. Solution stability of sample at room
temperature
Time .
Interval %Assay | %Assay difference
NA
Initial 100.1
0.3
24hrs 1004
0.5
48hrs 100.6
Table 10. Solution stability of sample in
Refrigerator
Time Interval | %Assay | %Assay difference
Initial 100.1 NA
24hrs 100.2 0.1
48hrs 100.2 0.1
The previously indicated solution

stability parameter was determined. Both the
Table 11. Robustness studies Results

standard and sample solutions are stable when
kept on a bench top and in a refrigerator (2-8°C)
for up to 48 hours.

Robustness studies

The chromatographic performance
under different circumstances was assessed
in comparison to the technique’s nominal
conditions in order to confirm the robustness
of the method. At each of the aforementioned
altered circumstances, the standard solution
was injected.

The procedure can withstand variations in flow
rate, pH, and column oven temperature.

Filter validation

One portion of the sample solution was
centrifuged, while the other half was filtered
through 0.45 m PVDF and 0.45 m Nylon filters
as part of the filter validation process.

It was determined from the data above
that 0.45 m PVDF filters are suitable. Therefore,
0.45 m PVDF filters had to be utilized for sample
preparation.

Parameter Retti(mtaion Z)t ;%Ergf Tailing factor Thglc;rteet;cal
1.0 9.59 0.20 1.0 11334
Flow (mL/min) 1.2 8.99 0.38 1.0 12784
0.8 10.21 0.57 1.2 8792
2.5 9.59 0.20 1.0 11334
pH 2.7 9.73 0.46 1.2 10981
2.3 9.1 0.51 1.3 9924
Column 30 9.59 0.20 1.0 11334
temperature 35 9.25 0.11 1.0 12753
(°C) 25 9.64 0.36 1.1 10952
Table 12. Results for Filter validation
S.No. Filter details Area Response | % Assay | % difference
Centrifuged Sample 6595670 100.4 NA
2 0.45 ym PVDF Filtered Sample 6501024 98.3 2.1
3 0.45 pm Nylon Filtered Sample 6590786 100.1 0.3
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Conclusion
The new method was Vvalidated
for several criteria, including accuracy,

precision, linearity, specificity, solution stability,
robustness, and filter validation, in accordance
with ICH guidelines. The obtained results met
the acceptance criteria. As a result, it is possible
to conclude that the developed approach is
simple, precise, cost-effective, environmentally
friendly, and safe, and that it may be successfully
used for routine analysis of Lenalidomide in
Lenalidomide capsule dosage forms.
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Abstract

Aquaculture and aquatic animals are
important for national food security since they
are a good source of animal meat and protein
for mankind. Aquaculture is currently the most
economically and financially viable option for
farmers, so the majority of them are interested in
it. In aquaculture, shrimp farming plays a major
role and exists in either a freshwater or marine
environment for human consumption. Although
shrimps are very susceptible to diseases during
breeding and farming, these diseases are iden-
tified by several methods, i.e., microbiology test,
antigen-antibody testand molecular methods.
For molecular screening and testing of shrimps,
it is necessary to extract nucleic acid, i.e., DNA
(deoxyribonucleic acid). So many traditional
and commercial methods are available on the
market for nucleic acid extraction. In our study,
we developed a simple, rapid, efficient, and ef-
fective nucleic acid extraction method. DNA was
isolated from shrimps and shrimp seeds using
this method (A260/280 range: 70 ng/uL to 350
ng/uL) and tested using molecular (PCR-Poly-
merase Chain Reaction) methods, specifically
the SYBR Green assay on Real Time PCR.

Key words: Aquaculture, Shrimp, PCR, SYBR
Green assay

Introduction

Aquaculture is the managed procedure
of cultivating aquatic organisms which includes
fish, aquatic plants, Molluscs and especially
shrimp for human consumption(1). Shrimp is
one of the most commercialized seafood prod-
ucts and shrimp farming is growing on a global
scale(2). As a result of increasing consumer de-
mand, the shrimp industry has become a large-
scale operation.Shrimp aquaculture provides
high-quality food products, socioeconomic de-
velopment and significant employment oppor-
tunities for skilled and unskilled workers (3).
In worldwide, the shrimp aquaculture industry
faces many challenges, most importantly vari-
ous bacterial, fungal & viral diseases. Viruses
are considered the major pathogenic agent af-
fecting shrimp aquaculture (4). To date, over 20
viral diseases have affected shrimp, primarily
white spot disease and hepatic microsporidio-
sis.White spot disease caused by the white spot
syndrome virus (WSSV), a double-stranded
DNA virus that can cause 100% mortality in 2
to 10 days.The major targets of WSSV infec-
tion are ectodermic and mesodermic tissues in
shrimp. Recent studies estimate the total eco-
nomic loss of WSSV at USD 8-15 billion and
it continues to increase by 1 billion a year (5).
Enterocytozoonhepatopenaei(EHP) is an intra-
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cellular microsporidian parasite that lyses epi-
thelial cells in the liver and pancreas tubules
in shrimp (6).Still, the life cycle of EHP & the
way of eradication of this virus is completely
obscure. So, the prevention and control of EHP
is a challenge for the shrimp Industry (7).The
key step in disease management requires that
accurate and reliable diagnostic methods are
available. To date, various diagnostic methods
have been used for the detection of EHP and
WSSV in shrimp, but it is crucial to choose the
best methodology for the application. molecu-
lar detection of shrimp diseases via PCR and
LAMP is the most reliable method(8-9).Nucleic
acid extraction is the preliminary step for every
PCR based molecular assay. In convention-
al DNA isolation method and other chemical
method has some disadvantages, i.e.,phenol
chloroformbased extractionis time consuming,
laborious & hazardous (10). Meanwhile, other
commercial DNA extraction kits are available,
but they are labour-intensive and costly for a
large number of animal samples.lt is therefore
very important to develop a method for the rapid,
simple and cost-effective detection of EHP and
WSSV infection to prevent disease epidemics
and economic losses associated with growing
shrimp (11). In this study, we demonstrate the
single-tube extraction method for DNA isolation
of shrimp tissue. Our protocol does not require
any hazardous organic solvents and has been
deemed suitable for a PCR method. Our meth-
od will help shrimp farming communities find a
less expensive and user-friendly diagnostic tool
for detecting shrimp DNA viral disease.

Materials and Methods
Sample collection

Accurate sampling is one of the most
important steps for determining the shrimp
diseases. Prior to sampling, take note of any
changes in the colour, appearance, or lesions
of the shrimp (12). In our study, adult shrimps
were collected from a farm area and shrimp
seed from a hatchery.Samples were collected in
sterile container with 1X PBS saline buffer (130

mM sodium chloride, 2 mM KCI, 10 mM sodi-
um phosphate dibasic, 2 mM potassium phos-
phate mono basic and pH 7.4). After collection
of samples, stored in a cold container maintain
2-8°C(13).

Nucleic acid extraction

Nucleic acid extractionis one of the ma-
jor steps for molecular detection. Nucleic acids
can extract from all living kingdoms like bac-
teria, virus, yeast, Plants, animals, human and
also some dried samples.Several methods are
used to extract the nucleic acids, i.e. chroma-
tography based, alkaline based, silica based,
salting out, CTAB, phenol-chloroform, magnetic
bead based, filter based and paper based meth-
ods(14). So many commercial extraction meth-
od kits available in market like QlAamp, Roche
MN kits etc., and different kinds protocols also
available on web sites. Whatever, any extraction
methods aim was to isolate good yield and puri-
ty of nucleic acid with minimal inhibitors. Nucleic
Acid (either DNA or RNA) have to extract Based
on the study & targeted organism. In our study,
WSSV & EHP viruses has a DNA as a genetic
material. So we developed single tube shrimp
DNA extraction method with simple, reliable,
fast & cost-effective(15-16).

Single Tube Shrimp DNA Extraction Proto-
col (17):

The shrimp seeds (10 -12nos) & speci-
men of adult shrimp was separately transferred
to the 50 ml tube containing single step ex-
traction Buffer solution as mentioned in Table
1. The tube was incubated at heating block at
65°C for 30 min. After Incubation the required
volume of upper clear solution was taken for the
further analysis.

Evaluation of DNA Quantity

Nucleic acid quantification is crucial to obtain-
ing precise and reliable data for many molec-
ular biology tests, including PCR (polymerase
chain reaction) and real-time PCR assays (18).
Quantitative analysis carried out for 21 DNA
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Table 1: Single tube extraction buffer composi-
tion:

Components Concentration
KCI 100 mM
Tris-HCI 2 mM

MgCI2 10 mM
Glycerol 0.1%

NP 40 0.2%

Tween 80 0.1%

pH 7.0

samples which are extracted from shrimp seed
and specimen of adult shrimp by usinga UV vis-
ible spectrophotometer (Eppendorf BioPhotom-
eter D30). The concentration and purity of DNA
were determined from the A260/A280 ratio. The
concentrations of the sample were in the range
of 80 ng/uL to 365 ng/uL and an absorbance
quotient value of 1.8 < ratio consider to be good
purified DNA.

Real Time PCR

However, Animal tissues can contain inhibitory
molecules that can affect PCR. Therefore, we
tested if DNA from single tube extraction can
be amplified directly by Real Time PCR (19).
Real Time PCR is the result of PCR’s incredible
sensitivity as well as real-time monitoring of its
products (20). In Real Time PCR, SYBR Green
& TagMan based methods are more more popu-
larity & sensitivity. In current study, we used the
SYBR Green assay for real-time PCR because
it is inexpensive and simple to use. SYBR Green
assay was performed on BIO-RAD CFX95 Real
time System with using specific primers (21).
Primers for housekeeping gene [-actin was
(5’CAACCGTGAGAAGATGACTC3’) and (5
AGCATGAGGAAGAGCATAAC 3’). Reaction
mixture containing 10 uL of 2X TB Green Mix
( Cat No. 1234), 1 uL of forward primer (10uM),
1 uL of reverse primer (10uM) and 8uL of single
tube DNA. The condition used for the amplifi-
cation was followed: Initial Denaturation 95°C
for 3 mins, followed by 40 cycles of 94°C for
15 sec and 60°C for 30 sec.At the end of each

amplification cycle’s extension phase, the fluo-
rescence signal was acquired using 465 nm ex-
citation and 510 nm emission wavelengths(22).

Evaluation of SYBR Green assay with melt
curve

After the amplification, a melting curve analysis
was done to confirm that only one gene-specific
product had been synthesized. For each gene,
a standard curve was generated to estimate am-
plification efficiency as shown in Figure 1.(23).

- a B _—

Fig 1: Amplification plot of shrimp DNA extracted
by single tube extraction buffer. A. shows ampli-
fication plots on linear scale with florescence B.
shows amplification plot on melt curve with lin-
ear scale C. shows determine melting tempera-
ture on melt curve analysis scale.

Results and Discussion
DNA Estimation

The results of this study showed that the sin-
gle tube extracted shrimp DNA samples of 21
subjects ranged approximately 160 ng/uL(24).
On purity assessment of shrimp samples we
found that all 21 samples were within the op-
timal range of 1.5-2.4 as mentioned in Table 2.

Table 2: Quantitative results of Shrimp DNA
samples extracted by single tube extraction buf-
fer:

S.No. | Samples | Concentration | A(260/280)
(ng/ulL)
1 01 143 1.5
2 02 200 1.6
3 03 213 1.7
4 04 198 1.8
5 05 175 1.7
6 06 126 1.9
7 07 100 2.0
8 08 168 2.2
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9 09 172 1.5
10 10 220 1.8
1" 1" 210 1.7
12 12 154 1.8
13 13 164 1.8
14 14 209 1.9
15 15 202 2.0
16 16 135 2.4
17 17 139 1.6
18 18 148 1.7
19 19 155 1.8
20 20 168 2.0
21 21 173 1.9

831

SYBR Green assay with melt curve

For set up of SYBR Green assay to de-
tect beta actin gene from shrimp DNA by single
tube extraction buffer. Satisfactory results were
obtained as mentioned in Table 3.(25).

Conclusion

The performance of SYBR Green assay has
been evaluated by amplification curves and
melting temperatures. The melting curves of the
SYBR Green assay with shrimp DNA isolated

Table 3: Melt curve temperatures of amplification of shrimp DNA samples

S.No. Well Fluorophore Content Sample MeltTemp
1 A01 SYBR Unkn 01 81.50
2 A02 SYBR Unkn 09 81.50
3 A03 SYBR Unkn 17 81.50
4 BO1 SYBR Unkn 02 81.00
5 B02 SYBR Unkn 10 81.50
6 B0O3 SYBR Unkn 18 81.50
7 Co1 SYBR Unkn 03 81.50
8 C02 SYBR Unkn 11 81.50
9 CO03 SYBR Unkn 19 81.50
10 D01 SYBR Unkn 04 81.50
11 D02 SYBR Unkn 12 81.50
12 D03 SYBR Unkn 20 81.50
13 EO1 SYBR Unkn 05 81.50
14 EO02 SYBR Unkn 13 81.50
15 EO03 SYBR Unkn 21 81.50
16 FO1 SYBR Unkn 06 81.50
17 F02 SYBR Unkn 14 81.50
18 FO3 SYBR Unkn 22 81.50
19 GO1 SYBR Unkn 07 81.50
20 G02 SYBR Unkn 15 81.00
21 G03 SYBR Unkn PC 81.50
22 HO1 SYBR Unkn 08 81.50
23 H02 SYBR Unkn 16 81.50
24 HO3 SYBR NTC NTC None
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by single tube extraction buffer were success-
fully evaluated. The evaluation of the SYBR
Green assay on shrimp seed and tissue of adult
shrimp samples already quantified by Biophom-
eter method.
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Abstract and biochemical parameters were carried out to
evaluate the activity of ethanolic extract of fruit
pulp of Annona squamosa (FEAS) on 6-OHDA
treated rats. To determine the therapeutic sig-
nificance of FEAS on PD, different behaviour-
al tests such as apomorphine rotation, narrow

beam maze, rotarod, grip strength, sensorimo-

Objective:The present study investigated the
ethanolic extract of fruit pulp of Annona squa-
mosa that ameliorates the 6-OHDAinduced
behavioural, biochemical, and neurochemical
changes which resemble Parkinson’s disease

(PD)-like symptoms.

Materials and Methods:Various behavioural

tor and disengage test and some biochemical
tests along with neurochemical findings were
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done.Results:6-OHDA caused physical and
behavioral abnormalities in animals, includ-
ing abnormal posture, weak grip strength, and
motor deficit. Biochemical analysis of brain ho-
mogenates in FEAS treated rats showed altered
oxidative stress and elevated lipid biomarkers.
Neurochemical alterations of the striatum of
FEAS treated rats exhibit altered levels of cat-
echolamines. FEAS administered for 07 days
significantly enhanced motor function and be-
haviour tasks and further restored the invitro
antioxidant changes in the brain. Furthermore,
FEAS-II treatment significantly improved oxida-
tive damage,which is denoted by the alterations
in neurochemical changes of rat brain.Conclu-
sion:In this research work, FEAS-I & 1l (200 mg/
kg & 400 mg/kg) provided a remarkable neuro-
protective impact, which was evidenced by be-
havioural and biochemical tests. It restored the
behavioural and biochemical alterations caused
by 6-OHDA and confirmed the strong neuropro-
tective mechanism of FEAS in 6-OHDA-intoxi-
cated behavior and motor abnormalities.

Keywords:6-hydroxydopamine, Annona squa-
mosa Fruit, Parkinson’s disease, Dopamine,
Neurological disorder,

Introduction

Parkinson disease (PD) is characterised by
the progressive degradation of dopamine (DA)
neurons in the basal ganglia that innervative
substantia nigra pars compacta (SNc)(1)which
causes movement abnormalities, cognitive im-
pairment, and sleep disturbances.(2)

Neurological disorders are currently one of the
highest global causes of disability.(3)Parkin-
son’s disease is the most prevalent movement
disorder, excluding essential tremor, and the
second most prevalent neurodegenerative dis-
ease after Alzheimer’s disease.*®Global PD
prevalence estimates for 2019 exceeded 8.5
million individuals (6). PD affects 1-2 people per
1000 at any given moment. PD prevalence in-
creases with the age, and from that 1% of the
population older than 60 years is affected (7).
PD is pathologically characterized by the loss

of nigrostriatal dopaminergic innervation; how-
ever, neurodegeneration does not include only
nigral dopaminergic neurons but also cells from
other parts of the neural network.

The premotor or prodromal phase of PD may
begin 12—-14 years prior to diagnosis (8). There
is now substantial evidence that the disease
may begin in the peripheral autonomic nervous
system and/or the olfactory bulb, before spread-
ing to the central nervous system and affecting
the lower brainstem structures prior to affecting
the substantia nigra.(9)

The maijority of degenerative PDs belong to one
of the two molecular classes -tauopathies or
a-synucleinopathies — because ofthe patholog-
ical accumulation of the microtubuleassociated
tau protein or the presynaptic protein a-synu-
clein within vulnerable neurons and frequently
glial cells as well. a-synuclein folds into -helical
structures through its N-terminus upon interac-
tion with negatively charged lipids, like the phos-
pholipids that form cell membranes upon inter-
action with negatively charged lipids. (10,11) In
PD, a-synuclein adopts an amyloid-like B-sheet-
rich structure that is prone to aggregate. Indeed,
misfolded a-synuclein is found within Lewy
Bodies (LBs) as filaments measuring 5-10 nm
in length. Serine 129 phosphorylation, ubiquiti-
nation, and C-terminal truncation have all been
proposed as mechanisms for the conformation-
al changes that lead to abnormal a-synuclein
aggregation. (12,13) Different species of a-sy-
nuclein, including unfolded monomers, solu-
ble oligomers, protofibrils, and high molecular
weight insoluble fibrils, are therefore present in
the PD brain.(14)

Mitochondrial dysfunction is considered as a key
factor in both idiopathic and familial PD patho-
genesis.(15) Both PINK1 and parkin (PARK2
and PARKS, respectively) are essential compo-
nents of the pathway that controls the removal
of dysfunctional mitochondria, a process known
as mitophagy.(16) Loss-of-function mutations in
either gene cause defective mitochondrial qual-
ity control and autosomal recessive PD.(17, 18)
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Mitochondrial complex-I deficiency may play a
crucial role in DA cell death caused by energy
depletion.("®Neurodegenerative diseases char-
acterized by proteinopathies, which are abnor-
mal protein accumulation, share proteasomal
abnormalities as a common characteristic.(19)

In addition to a decrease in activity, the SNpc
of PD brains also exhibits a lower expression
of various proteasomal components. In particu-
lar, the 20S proteasome a-subunit ?® and other
molecules involved in the regular function of the
Ubiquitin-proteasome system (UPS), such as
PA700 and PA28 (protease activators), are di-
minished.®" Genetic studies and the discovery
that two of the PARK genes linked to monogenic
PD encode proteins involved in UPS function,
namely parkin (PARK2; E3 ubiquitin ligase)
(17.22gand UCH-L1, provide additional evidence
(PARKS5; Ubiquitin C-terminal hydrolase).®

Similar to the UPS system, numerous lyso-
somal and autophagy-related components are
dysfunctional or variably expressed in PD. In
nigral neurons of PD brains, the autophago-
some marker LC3-Il was elevated, indicating
an aggregation of autophagic vacuoles. 2425 At
postmortem examination, vital lysosomal mem-
brane proteins (LAMP1 and LAMP2A) and sev-
eral heat-shock protein family molecular chap-
erones (such as hsc70 and hsp35) were found
to be reduced. %27

Initially believed to be a secondary phenome-
non, there is updated evidence that inflammato-
ry responses can contribute to the pathogenesis
of the disease on their own. In early studies with
rodent models of PD (6-hydroxydopamineand
MPTP), inhibition of microglial activation with
minocycline pre- and post-neurotoxic insult sig-
nificantly reduced DA cell death in the SNpc,
suggesting that microglia-induced inflammatory
processes may be contributing to the degener-
ation of these cells. ?82% Survival of dopamine
neurons challenged under oxidative stress con-
ditions.

It is essential to have the relevant disease mod-
els in order to comprehend the pathogenesis

of PD and develop potential therapies for im-
proved symptom management. The neurotoxin
6-hydroxydopamine (6-OHDA) provides useful
animal models of PD by inducing dopaminergic
neuronaldegeneration in the substantia nigra
pars compacta (SNpc), which leads to a deple-
tion of dopamine level in the striatum.®32 To
elucidate the underlying neuroprotective mech-
anism, we studied the effect of Annona squamo-
sa fruit pulp extract (FEAS) on 6-OHDA-induced
oxidative stress in rat dopaminergic neurons by
examining the post-treatment effects of FEAS
therapy on behavioral dysfunction, biochemical
alterations, and dopamine level in the rat brain.

Materials and Methods
Extract preparation

The fruits of Annona squamosa Linn. (FEAS)
were retrieved from the regionof Namakkal Dis-
trict, Tamil Nadu, India. And obtained authentica-
tion from Botanical survey of India, Coimbatore.
The fresh fruits were washed, and the pulps
were scraped from the seeds using a glovebox
under vacuum, lyophilized at -50°C, and ground
into a powder. This mixture was then extracted
with cold maceration by using 70% ethanol for
48 hours while being continuously stirred, yield-
ing a viscous brownish yellow mass. A small
proportion of the extract was subjected to pre-
liminary phytochemical analysis, free radical
scavenging activity and the other part was kept
for future use in a vacuum desiccator.

Free Radical scavenging activity

The extract FEAS was analysed for free radical
scavenging activity such as DPPH radical scav-
enging, hydroxyl radical scavenging, and super-
oxide scavenging activities are analysed.®

Animals

Twenty-four adults male Wistar rats weighting
230-250 g were housed in a temperature-con-
trolled room (at approximately 25°C), under
12-h light/dark cycle, with free access to food
and water, at 21-22°C and 50-55% humidity.
The animal experiments were carried out in ac-
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cordance with the approval of Institution animal
ethical committee (KMCRET/Ph.D/07/2015-16).
According to OECD 423 guidelines, the acute
toxicity study was done.

Experimental Design

The experimental rats were divided into the fol-
lowing groups i) Sham operated received saline
treatment ii) 6-OHDA lesioned group + saline iii)
6-OHDA lesioned group + Fruit pulp of ethano-
lic extract of Annona squamosa 200 mg/kg (6-
OHDA + FEAS - 1) iv) 6-OHDA lesioned group
+ Fruit pulp of ethanolic extract of Annona squa-
mosa 400 mg/kg (6-OHDA + FEAS —II)

Each group consistedof 4—6 animals. After sur-
gical procedures for the intra-striatal injection of
6-hydroxydopamine (6-OHDA) with saline, the
animals were divided into four groups (n = 6
per group). Group | that received saline alone
instead of 6-OHDA as a unilateral lesion. Group
Il received intra-striatal injection of 6-OHDA as a
unilateral lesion. Groups Il & IV received ethan-
olic extract of fruit extract of Annona squamosa
(FEAS) 200 & 400 mg/kg for 07 days, consecu-
tively after 6-OHDA injection.

0.8 pug 6-OHDA, dissolved in 4 pL physiologi-
cal saline containing 0.1% ascorbic acid were
administrated through Hamilton syringe over
4.50 min; the syringe was left in place for 5 min
after injection before being slowly removed. Sh-
am-operated rats injected with saline. The se-
quence of experiments carried out in this study
is graphically outlined in graphical abstract.At
the seventh, fifteenth,and twenty-ninth day af-
ter surgery, behavioural tests were performed to
evaluate the motor abilities of the animals. The
animals were sacrificed at 29""day following the
beginning of the treatment.

Behavioural assessments:

After receiving a 6-OHDA treatment, the ani-
mals’ general behaviour was monitored for 4
weeks continuously, including body weight, food
and water intake, body temperature, and urine
output.®® All animals underwent baseline meas-

urements of their behavioursin the following be-
havioural studies (Fig. 1-6).

Apomorphine turning behavior

The evaluation of motor function was carried out
by apomorphine-induced rotation test on day 29
after 6-OHDA injection (Fig. 7). Apomorphine
hydrochloride (0.5 mg/kg, i.p.) causes rotation
inrats. After one-minuteadministration of apo-
morphine, the rotations were recorded; perfect
and complete rotations were counted in a cy-
lindrical container (33 cm diameter and 35 cm
height) for 1 h in a noiseless separated room.
Net numbers of rotations by turning contralater-

al & ipsilateral to the side of lesion were noted.
(35)

Rotarod

Motor performance was also evaluated with a
Rotarod equipment, under the protocol which
were previously described by MonvilleC.G®
Before administering 6-OHDA, the first three
testing days provided as a training period. The
animals were put through a four-trial test using
an accelerating protocol that lasted 4 to 40rpm
in 5minutes and given at least 20 minutesrest
between trials. On the 7, 15", 215, and 29"day,
using the similar protocol, the latency to fall was
then recorded.

Narrow beam maze

Animals were positioned on a narrow beam that
was 1 m long and 80 cm above the ground. To
ensure that the animal wouldn’t be hurt if it fell,
a 12 cm thick foam was placed exactly beneath
the beam. The animal was set at one end of the
beam, while the animal’s residence cage was
set at the other. A stopwatch was used to mea-
sure how long it took the animals to travel from
their initial starting positions to the other end.
The test was recorded as “timed out” at 2 min-
utes if animals refused to finish a beam run. The
latency to start and total time to cross the beam
were both recorded throughout this test.¢?

Grip strength
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Forelimb strengths of rats were measured using
a grip strength meter.®® To produce a reliable
assessment of holding capability, the animals
were pretrained for six training sessions on 1s*
day, and the grip strength test was carried out
on 29"day. Rat forelimbs were placed on the
tension bar as they were positioned facing the
grip strength meter’s T bar. The rat was gently
and steadily dragged away from the T bar by the
root of the tail when it grabbed the bar. The grip
strength meter was automatically calculated
and recorded the force that each animal could
produce in grams. Each animal measures were
computed. Between measurements, the rats
were given 30s to rest.

Sensorimotor test

The corner test assesses the direction pattern of
sensorimotor dysfunction. It was initially applied
on rats. It has been an established technique
for evaluating sensory-motor function which is
a valid way to spot and measure sensory and
postural asymmetry. ¢*40) |t offers a quick ap-
proach for identifying ipsilateral and contralater-
al steering deviation.

Disengage test

A tactile stimulus was placed towards the vibris-
sae, and a stopwatch was used to measure how
long it took the rat to turn around and touch the
probe with a paw. Paw extension was thus mea-
sured for the disengage test.“?

Biochemical Studies

After behavioral assessment (i.e., 29 days after
surgery), the animals were deeply anesthetized.
The brains were quickly removed and placed on
an ice-cold Petridish. Rat brains will be fixed us-
ing a Microwave Fixation System. Striata from
both sides are dissected from sham-operated,
6-OHDA-treated, extracts treated group of ani-
mals.“" To eliminate debris, the striatal tissue is
homogenized in 250 ul acetonitrile before being
centrifuged at 13,000 g for 30 min. A stream of
nitrogen is used to evaporate the acetonitrile
after the supernatant has been collected and

cleaned with heptane. Re-suspending the sam-
ple in 75 pl of mobile phase (37.5 mM phosphor-
ic acid, pH 8.5) for the estimation of total protein
and lipid peroxidation. The supernatant was
again centrifuged at 15000 rpm for 1 h at 4°C.
The supernatant obtained was used for further
estimation of superoxide dismutase (SOD), cat-
alase (CAT), glutathione (GSH), and lipid perox-
idation (TBARS).

TBARS activity

Thiobarbituric  acid reactive  substances
(TBARS) in the homogenate were estimated
by the method of Ohkawaet al.,? The amount
of lipid peroxidation was determined by using €
= 1.56 x 105M-'cm™" and expressed as TBARS
nmoles/mg of protein.

Superoxide dismutaseactivity

Superoxide dismutase activity was determined
based on SOD’s potential to stop adrenaline’s
auto-oxidation to adrenochrome in an alkaline
pH. The SOD activity (U/mg of protein) was cal-
culated using the usual plot.“#¥

Catalase activity

The Caliborne method was used to analyze
the catalase activity.*¥ Changes in absorbance
were noticed at 240 nm. nM H,O, consumed/
min/mg protein was used to measure catalase
activity.

GRH activity

Glutathione reductase (GRH) activitywas de-
termined spectrophotometrically as described
previously byCarlberg 1.4% The amount of nmol
NADPHemin*mg'protein used to express the
enzyme activity.

GPx activity

The dismutation of H,0, at 340 nm was used
to measure GPx activity spectrophotometrical-
ly using the approach previously described by
Wendel A.#®The enzymatic activity was denot-
ed as nmol NADPHeminsmg™ protein.

Total protein content
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Total thiols were assayed on the principle of
formation of relatively stable yellow color by
sulfhydryl groups of DTNB. Protein content in
the samples was determined by the method of
Lowry et al.,“*"

Nitric oxide estimation

The level of nitrite in the rat striatal tissue is an
indicator of the production of nitric oxide (NO),
which was determined according to the meth-
od of Kumar et al. (2012).By measuring nitrite,
nitrate, and total nitrite indirectly in rat brain
extract supernatants that were produced after
centrifugation, nitric oxide was detected. The
absorbance was then noted at 620 nm and 550
nm, respectively.“®

Neurochemical estimation

The method described by Patel was used to
estimate the levels of brain catecholamines
with a little modification.“®By employing an
electrochemical detector and a C18 reverse
phase column, HPLC was used to determine
the concentrations of catecholamines (DA) and
their metabolites (DOPAC, HVA) in the stria-
tum. Based on the standard curve created by
employing standards with concentrations of 10-
100 ng/ml that were homogenized in a solution
containing 0.2 M perchloric acid, the quantities
of the neurotransmitter and its metabolites were
determined.

Statistical Analysis

The results were expressed as mean + standard
error mean (SEM). Behavior parameters were
analyzed by ordinary and repeated measures
of one-way ANOVA (analysis of variance), fol-
lowed by Dunnett’s post hoc test, p < 0.05 was
considered significant throughout the analysis.

Results and Discussion

Effect of FEAS onpreliminary phytochemical
analysis

The extract was subjected to preliminary phy-
tochemical screening. Tests for alkaloids, pro-
teins, steroids, phenols, tannins, flavonoids,

gums and mucilage, glycosides and saponins
were tested positive using Trease GE and Ev-
ans WC methods. And from the radical scav-
enging activity the IC50 value was found to be
116.78, 155.17, and 140.72 respectively, which
shows that the inhibitory concentration of FEAS
was higher than that of standards. (Fig.1)

Fig 1. Effect of FEAS on free radical scavenging
activity such as DPPH, and superoxide Scav-
enging activities.

Effect of FEAS on 6-OHDA induced de-
creased in body weight, food and water in-
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take, body temperature, and urinary output

It was observed that administration of 6-OHDA
significantly reduced the body weight, food
and water intake, urinary output (p=0.2080;
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p=0.0223; p=0.0337; p=0.1272) but increased
body temperature (p<0.0001) when compared
to sham operated grouprespectively. However,
treatment with FEAS-I & Il (200mg/kg& 400 mg/
kg) started to restore the body weight, food and
water intake, and volume of urine output com-
pared to the 6-OHDA treated group. Moreover,
treatment with FEAS-II (400 mg/kg/day) signifi-
cantly and dose-dependently ameliorated the
loss in body weight compared to FEAS-I (200
mg/kg/day) treated group (Figs. 2, 3, 4, 5, 6).

310

265-]

Mean Body weight (gm)

T T
nnnnnnnnnn

No. of days
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Day 7 Day 15

Fig 2. Effect of 6-OHDA and FEAS post-treat-
ment on the body weights (Mean + SEM) of
each group of rats were recorded. Data are
shown as Mean + SEM; n = 06 rats for each
group. *p < 0.05, **p < 0.01, **p £ 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way analysis of
variance (ANOVA) and Dunnett’s post hoc com-
parison test.
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Fig 3. Effect of 6-OHDA and FEAS post-treat-
ment on the food intake (Mean + SEM) of each
group of rats were recorded. Data are shown as
Mean + SEM; n = 06 rats for each group. *p <
0.05, **p < 0.01, **p < 0.001, ***p < 0.0001, as
compared with sham groups. Statistical analy-
sis was done by one-way ANOVA and Dunnett’s
post hoc comparison test.
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Fig 4. Effect of 6-OHDA and FEAS post-treat-
ment on the water intake (Mean £+ SEM) of each
group of rats were recorded. Data are shown as
Mean + SEM; n = 06 rats for each group. *p <
0.05, **p < 0.01, **p < 0.001, ***p < 0.0001, as
compared with sham groups. Statistical analy-
sis was done by one-way ANOVA and Dunnett’s
post hoc comparison test.
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Fig 5. Effect of 6-OHDA and FEAS post-treat-
ment on the body temperature (Mean + SEM)
of each group of rats were recorded. Data are
shown as Mean + SEM; n = 06 rats for each
group. *p £ 0.05, **p < 0.01, **p £ 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and
Dunnett’s post hoc comparison test.
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Fig 6. Effect of 6-OHDA and FEAS post-treat-
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ment on the urinary output (Mean + SEM) of
each group of rats were recorded. Data are
shown as Mean + SEM; n = 06 rats for each
group. *p £ 0.05, **p < 0.01, **p £0.001, "™ p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and
Dunnett’s post hoc comparison test.

Effect of FEAS on 6-OHDA induced chang-
es in apomorphine activity, rotarod and grip
strength, and narrow beam walk perfor-
mance of rats

Apomorphine activityand narrow beam maze
(NBM) walk performance was significantly in-
creased on 6-OHDA administration (on the
29"day) as compared to sham operated group
(p<0.001). Treatment with FEAS-I & Il (200 and
400 mg/kg) significantly attenuated the total
turns per hour in apomorphine rotation and la-
tency to start and transfer latency in NBM as
compared to 6-OHDA group (p<0.001). More-
over, concomitant administration of FEAS-II
(400 mg/kg/day) significantly reduced the turns
start latency and transfer latency as compared
to FEAS-I (200 mg/kg/day) treated group (Figs.
7, 8).
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== lIpsilateral Turns

a
°
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Fig 7. Effect of 6-OHDA and FEAS post-treat-
ment on the apomorphine rotation (Mean +
SEM) of each group of rats were recorded. Data
are shown as Mean + SEM; n = 06 rats for each
group. *p < 0.05, **p < 0.01, **p < 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and
Dunnett’s post hoc comparison test.

80+
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[ FEAS -1
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Fig 8. Effect of 6-OHDA and FEAS post-treat-
ment on the activity on narrow beam maze
(Mean = SEM) of each group of rats were re-
corded. Data are shown as Mean + SEM; n =
06 rats for each group. *p < 0.05, **p < 0.01,
**p < 0.001, **p < 0.0001, as compared with
sham groups. Statistical analysis was done by
one-way ANOVA and Dunnett’s post hoc com-
parison test.

Rotarod activityandgrip strength perfor-
mancewere decreased with 6-OHDA adminis-
tration (on the 29*"day) compared to sham-op-
erated group (p = 0.004; p<0.0001). Treatment
with FEAS-I & Il (200 and 400 mg/kg) signifi-
cantly improved the latency to fall,impaired grip
strength, and locomotor activity as compared
to 6-OHDA group. Furthermore,continuous ad-
ministration of FEAS-II (400 mg/kg) extremely
attenuated the duration of fall, latency andim-
paired grip strength compared to FEAS-I1(200
mg/kg)treated group. (Figs. 9, 10).
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Fig 9. Effect of 6-OHDA and FEAS post-treat-
ment on the rotarod activity (Mean + SEM) of
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each group of rats were recorded. Data are
shown as Mean + SEM; n = 06 rats for each
group. *p < 0.05, **p < 0.01, **p < 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and
Dunnett’s post hoc comparison test.
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Fig 10. Effect of 6-OHDA and FEAS post-treat-
ment on the grip strength activity (Mean £ SEM)
of each group of rats were recorded. Data are
shown as Mean + SEM; n = 06 rats for each
group. *p < 0.05, *p < 0.01, **p < 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and
Dunnett’s post hoc comparison test.

Effect of FEAS on 6-OHDA induced chang-
es in sensorimotor and disengage activity of
rats

In sham-operated rats, the turns on both sides
were equal. The total count was calculated by
applying the formula, which denotesthe sponta-
neous turning latency. Thus, the turning latency
noted in rats lesioned with 6-OHDA developed a
preference for spontaneous turning towards the
contralateral side and the latency(0 to 29th day)
was significantly increased on 6-OHDA admin-
istration as compared to sham operated group
(p = 0.0005) as the lesioned rats turns more on
contralateral side. Treatment with FEAS-I & I
(200 and 400 mg/kg) significantly attenuated
the turn latency on the single side.

Duration of forelimb paw extension was in-
creased on 6-OHDA administration (on the
29"day) due to disengage activity compared to

sham-operated group (p = 0.0196). Treatment
with FEAS-I & Il (200 and 400 mg/kg) signifi-
cantly attenuated the latency of paw extension
as compared to 6-OHDA group. (Figs. 11, 12).
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Fig 11. Effect of 6-OHDA and FEAS post-treat-
ment on the sensorimotor turn latency (Mean +
SEM) of each group of rats were recorded. Data
are shown as Mean + SEM; n = 06 rats for each
group. *p £ 0.05, **p = 0.01, **p £ 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and
Dunnett’s post hoc comparison test.
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Fig 12. Effect of 6-OHDA and FEAS post-treat-
ment on the forelimb paw extension latency
(Mean = SEM) of each group of rats were re-
corded. Data are shown as Mean + SEM; n =
06 rats for each group. *p < 0.05, **p < 0.01,
**p < 0.001, **p < 0.0001, as compared with
sham groups. Statistical analysis was done by
one-way ANOVA and Dunnett’s post hoc com-
parison test.
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Effect of FEAS on 6-OHDA induced changes elsas compared to the sham-operated group (p

in brain antioxidant levels in rats < 0.0001). However, treatment with FEAS-I & Il
2 4 kg) signifi I li

Systemic administration of 6-OHDA had a (200 and 400 mglkg) significantly ameliorated

significantly elevated level of oxidative stress the oxidative stress with restoration of SOD,
CAT, GRH, GPxlevel d to 6-OHDA
parameters, i.e.,TBARSand nitrite levels in the xievels as compared fo

striatum with fall of SOD, CAT, GRH, GPx lev. rcated group (p <0.0001). (Fig. 13).
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Fig 13. Effect of 6-OHDA and FEAS post-treatment on the brain antioxidant levels (Mean + SEM) of
each group of rats were recorded. Data are shown as Mean + SEM; n = 06 rats for each group. *p
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<0.05, **p=<0.01, *p <0.001, **p < 0.0001, as
compared with sham groups. Statistical analy-
sis was done by one-way ANOVA and Dunnett’s
post hoc comparison test.

Effect of FEAS with 6-OHDA on striatal dopa-
mine and its metabolites

The level of catecholamine (dopamine) was-
found to be significantly decreased in the stria-
tum after treatment with 6-OHDA as compared
to sham operated group. But its metabolites
(DOPAC and HVA) were observed to be elevat-
ed in the striatum after treatment with 6-OHDA
compared to sham-operated group (p <0.0001).
Treatment with FEAS-I & Il (200 and 400 mg/kg)
significantly and dose dependently ameliorated
the alteration in catecholamine and its metabo-
lite level in the striatum as compared to 6-OHDA
alone treated group. (Fig. 14)
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Fig 14. Effect of 6-OHDA and FEAS post-treat-
ment on the neurochemicals (Mean + SEM)
of each group of rats were recorded. Data are
shown as Mean + SEM; n = 06 rats for each
group. *p £ 0.05, **p < 0.01, **p < 0.001, ***p <
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way analysis of
variance (ANOVA) and Dunnett’s post hoc com-
parison test.

An investigation using UPLC-ESI-MS/MS sheds
new light on the phenolic composition of Anno-
na squamosa fruit pulp. And found a total of 16,
15 and 13 free, bound, and esterified phenolic
compounds, respectively, in the extracts of An-
nona squamosa Linn.fruit pulp. From Fig.1, it is
also confirmed that the IC50 value of the extract
was found to be higher against DPPH, hydroxyl,
and superoxide radical scavenging activity.

When 6-OHDA injected directly into the hypo-
thalamus, it had a profound effect on behavioral
studies even when injected in a volume small-
er. But this study demonstrates the effect of
Annona squamosa Linn. fruit pulp in 6-OHDA
induced Parkinson disease, and it is confirmed
from the behavioral analysis, biochemical and
neurochemical analysis.

Treatment with FEAS-I & Il (200 and 400 mg/kg)
significantly attenuated the 6-OHDA induced
motor deficit, oxidativedamage, neuroinflamma-
tion and alterations in striatal neurotransmitter
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levels in rats. A single intranigral administration
of 6-OHDA to experimental rat'scausePD like
symptoms due to its selectivity for striatal do-
paminergic neurons, serve as widely accepted
experimental model of PD. Through the early
onset of hyperkinetic movements followed by
hypokinesia, it causes chronic motor deficit and
replicates many characteristics of PD patients.
“9) Similarly, in the present study treatment
with 6-OHDA produces stable motor deficit as
confirmed by increase in transfer latency in nar-
row beam walk, loss of grip strength, decrease
in fall of time in rotarod indicate the motor im-
pairment and dysfunctioning of striatal nuclei.

Additionally, earlier research suggested that
the main pathophysiological causes of PD were
oxidative stress, mitochondrial dysfunction, ex-
citotoxicity, and neuroinflammation. Oxidative
stress in neurons is further facilitated by faulty
mitochondrial action and low ATP levels. This
further contributes to excessive Ca?* discharge
via NMDA. Literature of this sort demonstrates
that 6-OHDA injection considerably retards
striatal cholinergic and dopaminergic neurons,
which lowers catecholamine levels (dopamine)
and increased the level of DOPAC and HVA
inthe striatum nuclei.®® This study found that
acute 6-OHDA injection significantly increased
levels of lipid peroxidation (LPO) and nitrite
while depleting antioxidants like SOD, CAT,
GSH, and GPx suggested that oxidative stress
may play a role in PD. "

CONCLUSION

The results of the current studyindicate that
FEAS-I & 1l (200, 400 mg/kg) corrected the
behavioral, biochemical, neuroinflammatory,
and chemical deficits brought on by 6-OHDA.
FEAS-I & Il have been shown to have neuropro-
tective effects, and these effects are related to
their antioxidant and anti-inflammatory proper-
ties as well as their ability to modify neurotrans-
mitter levels in the basal ganglia circuit. Also, it
is confirmed that FEAS-II (400 mg/kg) is proved
to have the therapeutic effect for the treatment
of Parkinson’s disease (PD), although more re-

search is needed to delve into obscure targets.
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Abstract

Glucose oxidase (GOx) is a key enzyme
used in many industries worldwide. To identify
the GO x producer strain, Aspergillus niger was
isolated from the Beehive and screened for its
glucose oxidase-producing capability. Glucose
oxidase was mass-produced by a submerged
fermentation system. The activity of glucose ox-
idase was ascertained by the continuous spec-
trophotometric rate determination method. GOx
was purified by (70%) ammonium sulphate pre-
cipitation, dialyzed, and gel filtration with 2.82,
3.54, and 3.69U/mg specific activity respective-
ly. The enzyme exhibited an optimum pH range
of 5.5 and a temperature optimum of 40°C. Ag
and Hg*" had a remarkably inhibitory effect on
the partially purified GOx, whereas Ca?*, Zn%,
and Mg?* do not affect the enzyme activity. Cu?*
and Co? have a slight inhibitory effect on GOx.
Kinetic characteristics of GOx from Aspergillus
niger display Vmax as 40 U/ml, and Km as 0.12
mM. The findings on the properties of GOx ex-
hibited optimum conditions for industrial appli-
cations

Keywords: Aspergillus niger, Glucose oxidase,
Characterization, Purification, Bee Hive

Introduction

Glucose oxidase (EC 1.1.3.4) is a prin-
cipal commercial enzyme due to its numerous
applications in diverse industries. As an oxidant,
GOx is used for bread production with improved
quality and loaf volume in the baking industry
[1, 2]. GOx extends the shelf-life by removing
oxygen and glucose from foods [3]. GOx is ef-
fective in the production of H,O, for bleaching
in the textile industry [4-6]. GOx is produced
by some insects and fungi [7]. Glucose oxidase
(EC 1.1.3.4) catalyzes the oxidation of 3-D-glu-
cose using oxygen as an electron acceptor, to
yield D-gluconolactone and hydrogen peroxide
[7]- The cofactor of GOx, flavin-adenine dinucle-
otide (FAD) is reduced along the reaction mech-
anism. Muller [8] was the first to isolate GOx
from the mycelium of Aspergillus niger. A single
polypeptide chain of one subunit of GOx con-
tains 583 amino acid residues [9]. The ability of
GOx to remove oxygen and generates hydro-
gen peroxide underline the trait utilized in food
preservation. Other applications of GOx are in
the food, pharmaceutical and medical industries
[10]. Notable in these applications, is the fabri-
cation of glucose biosensors for the measure-
ment of glucose levels in serum. There are few
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reports on high catalytic properties of GOx from
various fungi, thus this research was designed
to produce and characterize GOx from Asper-
gillus species isolated from Beehive to meet the
demand for enhanced properties such as ele-
vated catalytic activity for effective production of
GOx for industrial purposes. This study aimed
to produce and characterize glucose oxidase
produced from Aspergillus niger under a sub-
merged fermentation system for special appli-
cation in biotechnology and industries.

Materials and Methods
Materials

Horseradish peroxidase, O-dianisidine
dihydrochloride, and Folin-Ciocalteau phenol
were purchased from Sigma, USA. All other
analytical chemicals used in this study such as
D (+)-glucose, glycerol, peptone, and ethanol
were purchased from Merck (Germany), May
and Baker Limited (England) and Sigma, USA.

Isolation and maintenance of the Organism

In this study, the fungi were isolated
from a beehive bought from Opi market, Nsuk-
ka, Enugu State, Nigeria. Using a light micro-
scope, the fungi were identified as Aspergillus
sp. according to Martin et al. [11]. The screening
of the fungi was carried out using the method
of Eun-Ha et al. [12]. The isolated fungi were
then grown on the medium of sodium acetate
buffer pH 5.5 consisting of 80g Glucose, 3.0g
peptone, 0.388g (NH,), HPO,, 0.188g KH,PO,,
0.156g MgSO, 7H,0, 20.0g Agar. From the pe-
ripheral zone of the pure culture colony, a disc of
fungal culture was taken and transferred to the
middle of the Petri plate containing the above
medium, one pure culture for each plate after
which the plates were incubated at 35°C. After 3
days, the fungal culture was treated with a mix-
ture (prepared in sodium acetate buffer (pH 5.5)
containing (5%) glucose, (2%) glycerol, (0.1%)
O-dianisidine, (601U/ml) Horse radish peroxi-
dase, (1%) agar after which the culture was in-
cubated for one hour. The fungus that gave the
highest GOx production was sustaind on Potato

dextrose agar (PDA) and stored at 4°C.
Production of Glucose oxidase

A submerged fermentation system
was used for the production of GOx. The me-
dium for the production consists of (80%) glu-
cose, (0.3%) peptone, (0.04%) (NH,),HPO,,
(0.0188%) KH,PO,, (0.0156%) MgSO,.7H,0,
(3.5%) CaCO, in 50mM sodium acetate buffer
pH 6.0 [9]. Four discs of the pure culture were
inoculated into 100ml of a sterilized cultivation
medium broth contained in 250ml Erlenmeyer
flasks after which the flasks were incubated at
30°C. The fermented biomass in each flask was
harvested, filtered and centrifuged at 15000 rpm
for 15 min [13]. The supernatant constituted the
crude enzyme.

Glucose oxidase assay

GOx activity was measured according
to the method by Bergmeyer et al. [14] using
continuous spectrophotometric rate determina-
tion at 500nm wavelength. Solution A (0.05M
Sodium acetate buffer of pH 5.5), solution B
(0.21mM O-dianisidine solution dissolved in
100ml with reagent A), solution C (10% B-
D-glucose of Millipore water), and solution D
(a mixture of reagent B [24ml] and reagent C
[5ml]), solution E (a freshly prepared solution of
60 purpurogallin units/ml of horseradish peroxi-
dase type Il) were all prepared. The enzyme re-
action contained 2.9ml of solution D and 5ml of
solution E. Reagent E. The reaction was mea-
sured using a UV-Visible spectrophotometer at
500nm.

Purification of GOx

Ammonium sulphate precipitation and dial-
ysis

Ammonium sulphate precipitation of
GOx and dialysis was done as described by
Chilaka et al. [15]. The suitable percentage of
ammonium sulphate to precipitate GOx in this
study was Seventy (70%). Dialysis was carried
out on the precipitated enzyme against 0.01M
sodium phosphate buffer pH 7.0 for 12 hours
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with a change of buffer every 6 hours. The dial-
ysate was assayed for GOx activity and protein
concentration as earlier described.

Gel Filtration

The dialyzed enzyme (10ml) was in-
troduced into a (2.0 x 80 cm) gel chromato-
graphic column, pre-equilibrated with sodium
phosphate buffer (50mM, pH 7.0). At room tem-
perature, fractions were collected at a flow rate
of 5ml/15min. The protein concentration and en-
zyme activity of each fraction were monitored as
earlier described. Peaks with the highest GOx
activity were pooled and stored at -10°C for fur-
ther studies.

Characterization of the partially purified As-
pergillus niger GOx

Effect of pH on Aspergillus niger GOx activ-
ity

The optimal pH for GOx activity was
monitored using 50mM sodium acetate (pH 3.5
—5.5), 50mM Sodium phosphate (pH 6.0 — 7.5))
and 50mM Tris-HCL (8.0 — 10.0) as described
by Simpson et al. [16]. The GOx activity was as-
sayed as earlier described.

Effect of temperature on Aspergillus niger
GOx activity

The optimum temperature for GOx ac-
tivity was monitored at temperatures ranging
from 30 — 75°C at the interval of 5°C in a water
bath using 50mM sodium acetate pH 5.5. The
reaction was initiated with the addition of GOx
(0.15Uml") as described by Singh and Verma
[17]. The GOx activity was assayed as earlier
described.

Effect of glucose concentration on Aspergil-
lus niger GOx activity

The effect of glucose concentrations
(4.0 — 25%, m/v) on GOx activity was monitored
as described by Sandalli et al. [18] at pH 5.5
and 40°C. The maximum velocity (Vmax) and
Michaelis constant (Km) were gotten from Line-
weaver—Burk plot of initial velocity data of differ-

ent glucose concentrations.
Effect of divalent metal ions on GOx activity

The effect of metal ions on GOx activi-
ty was monitored as described by Yanmis et al.
[19]. The partially purified enzyme (10ml) was
incubated for 20mins in different concentrations
of metal ions (10 to 30mM). The enzyme activity
was assayed at the established optimum tem-
perature and pH in this study.

Results and Discussion

Using a light microscope, the GOx-pro-
ducing fungi isolated were identified as Asper-
gillus species. The chromosomal DNA of the
Aspergillus strain was extracted after which the
18S rDNA was amplified with PCR. The prod-
uct of the PCR was then subjected to agarose
gel electrophoresis. A clear band was found at
approximately 500bp when compared to the
DNA ladder (Figure 1). The multiple alignments
of the sequence were compared with 21 other
known sequences of Aspergillus species gotten
from the NCBI data bank. The phylogenetic tree
confirmed the strain H1 as Aspergillus niger as
it showed 99% similarity with Aspergillus niger
strains AN4, A sp-7136 and IHBF 2920 (Figure
2).

Molecular Identification of Aspergillus ni-
gerH1

M IS1 H1 -VE

Figure 1: Agarose gel electrophoresis showing
PCR amplification of Aspergillus niger
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MHB855232.1 Aspergillus awamori strain CBS 112.32
MH855091.1 Aspergillus niger strain CBS 109.30
MHB855727.1 Aspergillus phoenicis strain CBS 118.36
MHB856456.1 Aspergillus foetidus strain CBS 114.49
MH866437.1 Aspergillus foetidus strain CBS 121.28
KY357318.1 illus niger strain RF7
KF305758.1 niger strain AHBR19
MG189963.1 Aspergillus niger isolate MSAR2
KR296912.1 Aspergillus niger strain WCPX-FS05
’7 KM613139.1 Aspergillus niger strain URM7014

KT192372.1 Aspergillus niger strain 2-00349-1
KM817216.1 Aspergillus niger strain IHB F 2919
MHO050407.1 Aspergillus niger isolate BS
DQ206869.1 Aspergillus niger

KF908790.1 Asp:
MG659604.1 jillus niger strain ND10 ...
KT192420.1 Aspergillus niger strain P-ZG-4-2-1
KM817217.1 Aspergillus niger strain IHB F 2920
MF152931.1 Asp niger isolate Asp-7136
JF826001.1 illus niger isolate AN4
Unknown TS

Figure 2: Phylogenetic Tree of Aspergillus niger
H1 with other Aspergillus species

niger strain YY7

Enzyme production

The crude enzyme has a specific activi-
ty of 3.03U/mg.

GOx Activity (U/ml)

0 20 40 60 80 100

Ammonium Sulphate concentration (%)

Figure 3: Ammonium Sulphate profile
Purification of Aspergillus niger GOx

Seventy-70 % (w/v) of ammonium sul-
phate precipitation was observed to be suitable
for the first purification step with a specific activ-

ity of 2.82U/mg. The precipitated GOx was sub-
jected to dialysis. The specific activity of 3.52
U/mg was obtained after dialysis. Dialysis of
protein is encouraged after ammonium sulphate
because it stimulates ionic scrambling leading
to an aggregate formation with incorrect ionic
bond pairing [20]. For further purification, the
dialyzed enzyme underwent Gel-filtration equili-
brated with 50mM sodium acetate pH 5.0. In the
final purification step of Gel-filtration, specific
activity increased from 3.54 to 3.69U/mg protein
indicating the removal of impuirities.

6

5

4

GOxActivity (U/ml)
w

Figure 4: Effect of pH on GOx activity
Optimum pH and temperature determination

In this study, optimum pH of 5.5 was
obtained. An increase in pH from 3.0 to 5.5 ac-
companied by an increase in GOx activity was
observed after which the GOx activity started
declining. High GOx activity was maintained
from 5.0 - 7.0 beyond which, it decreases rapidly
as shown in figure 4. GOx has many amino and
carboxyl groups which are sensitive to different

Table 1: Purification table of Aspergillus niger GOx

Volume | Activity Total Protein | Total Specific | Yield | Purification
(ml) (Units/ml) | Activity | Conc. | Protein | Activity fold
(Units) | (mg/ml) | (mg) (U/mg)
Crude enzyme | 1000 16.22 16220 (5.36 5360 |3.03 100 |1
NH,SO, Precip- | 120 7.70 924 2.73 3276 |2.82 12 0.931
itate
Dialyzed 50 9.62 481 272 136 3.54 5 1.170
Gel Filtration 30 7.85 236 213 63.9 3.69 3 1.220
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pH values, thus affecting its conformation. Ozy-
ilmaz et al. [21] also reported the optimum pH
of GOx to be 5.5. An optimum of 5.5 for GOx
produced from Aspergillus fumigatus AFS4 was
also reported by Onosakponome et al. [20].
Also, the increase from 20 to 40°C in tempera-
ture was accompanied by a rise in GOx activity
after which there was a decrease in GOx ac-
tivity making 40°C the optimum temperature. In
this study, GOx maintained high activity over a
temperature range of 30 - 70°C as shown in fig-
ure 5. The rapid decline in GOx activity after the
optimum temperature may be due to subunits
dissociation. Like other multimeric enzymes,
the subunits dissociation may be involved in
Aspergillus niger GOx inactivation. Sukhacheva
et al. [22] reported optimum temperature range
of 40-60 °C for GOx from Aspergillus niger and
Pencillium amagasakiense ATCC 28686.

10

2 v @ N @ ©

GOx Activity (U/ml)

0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)

Figure 5: Effect of temperature on GOx activity
Metal ions on GOx activity

The effect of metal ions on Aspergillus
niger GOx activity showed that Ag* and Hg?
had a notably inhibitory effect on partially puri-
fied GOx, whereas Ca?*, Zn?* and Mg?" do not
affect the enzyme activity. Cu? and Co?* have
a modest inhibitory effect on GOx. This study is
by Kusai et al. [23] who reported that Ag?* and
Hg?* are inhibitors of GOx. The Inhibitory Effect
of GOx by Ag? ions may be a result of the re-
action of Ag?* with the thiol group of GOx es-
sential for catalysis, which is in proximity to the
FAD-binding region of GOx (20). Yuan et al. [24]

reported a similar result for recombinant GOx.

120.00% -
=.01M
100.00% - =.03M

05M

80.00% -

60.00% -

40.00% -

Relative GOx Activity (%)

20.00% -

0.00%

Figure 6: Effect of divalent metal ions on GOx
activity

Kinetic characterization

The Michaelis mentens constant (Km)
and maximum velocity (Vmax) were 0.12mM
and 40U/ml respectively. This property indicated
that GOx produced from Asperqillus niger has a
high affinity for B D-glucose oxidation.

1V (Uml)!
-
2
S

*-

10 o3 10 20 30 40 50 60 70 80
1S (mM)!

Figure 7: Lineweaver-Burk of initial velocity val-
ues at various glucose concentrations

Conclusion

The findings from this study suggest
that the Aspergillus niger strain isolated from a
local beehive was capable of producing glucose
oxidase with an optimum pH and temperature
of 5.5 and 40°C respectively. The wide range of
optimal temperatures (30 - 70°C) and pH (5 -
7.5) give this enzyme an edge in industrial ap-
plications, especially in diagnostic applications.
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Abstract

Dimethoate is a broad spectrum
organophosphate pesticide which is used to
control pests of order hemiptera, diptera, or-
thoptera, and araneae. In Sorghum bicolor it
is found to control green bugs, aphids, spider
mites, and grasshoppers. The present study
details the impact of dimethoate (30% EC)
on S. bicolor through a short term (a fortnight
study) in-vivo bioassay and an extended soil
microcosm study (7 weeks study). Experiments
were simultaneously carried out at low (10
ppm, 50 ppm) and high (300 ppm, 600 ppm)
range of dimethoate. The in-vivo bioassay pro-
vided evidence of increasing dimethoate toxicity
on Sorghum bicolor ranging from 19 % to 70 %
at 10 ppm and 300 ppm respectively. Trichoder-
ma harzianum T103, a plant growth promoting
fungus (PGPF) with proven monocrotophos
(organophosphate pesticide) tolerance, was
engaged to verify its potential to support plant
growth under dimethoate stress. Rhizospheric
administration and seed biopriming with T103
improved growth of Sorghum bicolor by a factor
of; root length (1.6, 1.8), shoot length (1.1, 1.2)
and biomass (1.4, 1.4) at 10 ppm and 300ppm
respectively. LD, of T103 value for dimeth-
oate is ~ 300 ppm. T103 was observed
to sporulate under dimethoate stress (at con-

centrations as high as 1000 ppm), however,
the spore density was lesser as compared to
unchallenged isolate growth. FTIR spectra
indicated ongoing dimethoate degradation
registering change in peaks at 1043 (-C-
O stretching), 1235 (-OH,—NH deformation),
and 1737 cm' (C=0 stretching). In addition, ap-
pearance of new peak at 3456 cm™ (—OH, -NH
stretching) also suggest formation of intermedi-
ate and end product. Concentration of proline,
a biochemical stress indicator, was greater in
untreated plants than in treated plants sug-
gesting signs of phytotoxicity in the absence of
T103. The findings demonstrate that, at both
low and high concentrations of dimethoate
T103 can reduce dimethoate-induced growth
retardation in S .bicolor.\KEYWORDS: DIMETHO-
ATE, PGPF, Sorghum bicolor, PHYTOTOXICITY,
PROLINE, CHLOROPHYLL

Introduction

Sorghum is the world’s fifth-most im-
portant cereal crop after maize, rice, wheat,
and barley. India is the second-largest pro-
ducer of sorghum in the world, with a yield
of more than 7.5 million metric tons recorded
in 2021 [1]. Major insect pests of sorghum
are stem and stalk borers, shoot flies, aphids,
and shoot/ear head bugs. In India, infestation
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of insect pests causes the loss of the sorghum
crop more than 30% and even upto 84% un-
der certain conditions. Losses linked to insects
are estimated to reach more than $1 billion
annually in semi-arid tropical regions [2, 3].
Sorghum bicolor is chosen in the study as a
model plant, as it can be easily grown in a lab
and greenhouse with low irrigation and fertilizer
requirements, apart from being one of the most
important cereal crops in India [4]. Insect pest
populations that cause economic damage can
be managed with a variety of organophos-
phate pesticides (OPPs) [5]. These pesticides
accumulate in the soil when they are used in
excess, causing a variety of stress responses
in host plants. Under abiotic stress conditions,
plants redistribute majority of the nutrients and
energy towards overcoming stress, resulting
in a much lower percentage of nutrients and
energy going towards biomass accumulation.
This would reflect as a significant decrease
in yield due to compromised host metabolic
activities [6-8]. Most common OPPs used
in sorghum are dimethoate, chlorpyrifos, phor-
ate, phosalone and so on [9, 10]. Research
studies reported DM residues in soil (58.63 mg/
kg), honey (1-10 mg/kg), spinach (2.54 mg/kg)
and many other edible substances. As the max-
imum residue limit for DM is 0.04 mg/kg, the
reported residue values in food materials are
alarming. Table 1 represents the data on DM
chemistry, rate of application, residues report-
ed [11, 12]. The effects of DM on the human
immunological, neurological, and reproductive
systems were thoroughly reviewed by Eken,
2017 [13]. Kumari and John, 2019; Katsikant-
ami et al.,, 2019 threw light on health risks
associated with dietary exposure to

pesticides [14, 15]. Therefore, it is re-
quired to study the change in morphological,
biochemical, and stress parameters of plants
in the presence of pesticides at both low and
high concentrations. However, to date, re-
search publications demonstrating the pes-
ticide toxicity in plants is comparatively less,
even though they form the principal routes of

accidental entry of these toxic substances in
food chain. Number of scientific records in
PubMed, Web of Science, Google Schol-
ar and Science Direct database is evidence.
Though some researchers have demonstrated
the presence of pesticide residues in various
crops as well as their negative effects on plant
growth; still, more research work needs to be
done in order to understand the actual impact
on various morphological and biochemical pa-
rameters in many staple food crops owing to
their consumption in large quantities. Nine out
of ten fractions of the pesticide volume sprayed
drift towards non-target plants and eventually
sink into the soil. The pesticide enters the plant
from the soil and causes several alterations to
its physiological, metabolic and mitotic func-
tions [16, 17]. Contrary to occupational direct
contact exposure, which is frequently expe-
rienced by farmers, dietary exposure is invol-
untary and cannot be prevented by using ex-
ternal safeguards like wearing masks, gloves,
and other safety equipment. Plant growth pro-
moting fungi (PGPF) are important partners for
enhancing plant productivity in a sustainable
and environment friendly manner. Trichoderma
harzianum, a prominent PGPF, is extensively
known for its biotic stress tolerance/ biocontrol
potential. Moreover, reports also exist for its
potential to mitigate drought and salt stresses
faced by the plants [18, 19]. Employing plant
growth promoting microorganism for pesticide
bioremediation is a comparatively new trend.
Dimethoate (organophosphate pesticide) re-
mediation using T.harzianum is a step forward
in this orientation. T harzianum isolate T103
used in the present study has demonstrated po-
tential to support the plant growth by providing
a. better nutrient access, b. better resistance
to the soil competitors, and c. breaking down
complex substrate in order to provide plant
ready nutrients [20]. This is the reason in
choosing the isolate for the current inves-
tigation to mitigate DM stress via plant-mi-
crobe interaction. The manuscript attempts to
provide a definitive experimental evidence for
asserting the potential of PGPF-T103 as prob-
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able soil remediator, particularly in agricultural
soils that have a continuous buildup of residual
pesticides reaching either as direct application
residues or irrigation surplus. The purpose of
this study was (i) to check the impact of di-
methoate pesticide on the morphological (R/S
ratio, biomass), biochemical (Chlorophyll a),
and stress indicative parameters (phytotoxic-
ity and proline content) of Sorghum bicolor
plants, (ii) to explore the pesticide tolerance
of PGPF T103 (mitotic activity, sporulation and
pesticide bond breakage); and (iii) to validate
the protective effect of T103 on S. bicolor
subjected to low and high concentrations of
dimethoate stress, and its role in restoring plant
growth at the greenhouse level.

Materials and Methods
Plant material and pesticide

Sorghum  bicolor CSH-16 seeds
were procured from the Indian Institute of
Millets Research (IIMR), Hyderabad. Seeds
were surface sterilized with HgCI, (0.1%) for

5 minutes and thoroughly rinsed with dou-
ble distilled water to remove HgCl, completely
[23]. Dimethoate, 30% EC (Rogor) formulation
was procured from Agriberi India. A fresh stock
solution of 10,000 ppm was prepared in molec-
ular grade double distilled water for every ex-
periment and diluted to varying concentrations
(10 to 600 ppm) as per the dose required.

Plant growth promoting fungi and plant ma-
terial

PGPF Trichoderma harzianum T103
isolate (GenBank ID- KP122935.1) was used
in the present study. Culture was grown and
maintained on malt dextrose agar (Himedia
laboratories private limited, Mumbai). Stocks
are maintained for longer periods of time at
-80°C in glycerol stock (30%). PGPF isolate
T103 was grown on MDA plates for one
week at 30°C. Spores were harvested in ster-
ilized saline (0.85% w/v) and further pooled
into 1.5% CMC (carboxymethyl cellulose), post
centrifugation, at 3000 RPM for 10 minutes.
The spore dose was adjusted to 108 spores /

Table 1: Dimethoate application and residues factsheet

. . L. . Application
Pesticide Field application levels DM residue levels
frequency
Dimethoate (DM)
Concentration range in
1. Molecular for- ppmSoil (58 ppm)
mula-  C,H,N-
O,PS, Honey (1-10 ppm)
DM 30% E.C (100mL bot- One to 6
2. Hazardous sub- tle dissolved in 100 to 500 Spinach  (2.54 times in a
stanceClass Il liters ofwater)- ppm) MRL fixed crop season,
by C.Ais depending
3. Readlly available in the Concentration of app|y|ng on the type
market and lead agro- | solution ranges from 60 | 0.02ppm-0.5 ppm in | of crops and
chemical produced by Indi- ppm t0300 ppm majority of the crops, infection.
an agricultural companies and 2 to 5 ppm
(Annual production in In- in some citrus fruits
dia for the year 2021 is andspices
1391 MT)
Source- INCHEM, Codex Alimentarius, Sun et al., 2015 [8, 9, 21, 22].
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ml and used for in-vivo plant growth assays and
greenhouse studies [24].

Dimethoate tolerance study

A 6 mm Agar plug was detached from
sterile MDA plate (centrally) and replaced with
a T103 culture plug of the same size. Plates
were incubated at 3012 °C for 120 hours, and
radial growth was recorded at the interval of 24
h. Average linear growth rate per day was es-
timated from the growth recorded at 24 and 72
hours. The LD, value for DM in T103 was esti-
mated as previously described by Kumari and
Sattiraju, 2022 [20]. In a separate assay, Malt
dextrose broth was supplemented with differ-
ent concentration of DM (0-2100 ppm) and in-
cubated at 30+£2°C for 5 days at 120 RPM. On
fifth day, mycelia were harvested, and biomass
was recorded in triplicate after drying at 70° C
overnight.

FTIR analysis

The ethyl acetate extracts of DM
control (300 ppm) and PGPF treated samples
(experiment detailed in section 2.3) were an-
alyzed with a FTIR spectrophotometer (Spec-
trum two FTIR, PerkinElmer, UK). Quantities
of 10 yL of both samples were placed on a
diamond window of the instrument separately
at room temperature (25°C) in the frequency
range of 4,000-400 cm-'. The procedure fol-
lowed was as given by Kathuria et al., 2022 [25].

In-vivo plant growth study with and without
PGPF treatment

Surface sterilized sorghum seeds
were fransferred to 0.25% water Agar and in-
cubated in plant growth chamber for 72 h. Post
emergence, seedlings were treated with PGPF
inoculum (@ 108 cells/ml for 60 minutes. After
seedling treatment, seeds were transferred to
sterilized ASURE boxes containing 300 ml of
PMB media. Detailed information on ASURE
assay is published previously [26]. After 15
days, plants were harvested and plant growth
parameters were analyzed.

Greenhouse study

Surface sterilized sorghum seeds
were sown in plant growth bags of 1 kg con-
taining a sterile mixture of soil and peat moss
in the ratio of (7:3). Post 1 week uneven seed-
lings were removed and 3 seedlings were
maintained per pot. Healthy and uniformly
grown seedlings were treated with PGPF in-
oculum as prepared by the method given in
Section 2.3. For each treatment, 15 replicates
were maintained. DM was added at 50 ppm,
150 ppm, 300 ppm, and 600 ppm, in the rhi-
zospheric region of potted plants. Plants were
kept in a greenhouse with a temperature of 28 +
2°C and a relative humidity of more than 70%,
and watered every alternate day. Plants were
harvested and analyzed to observe growth
impact on pesticide stress as compared
with unchallenged host plants [27].

Statistical analysis

Each experiment was conducted in
triplicates, and results are presented as the
mean * standard deviation. GraphPad Prism
version 9.5 (GraphPad, San Diego, CA, USA)
was used for the statistical analyses through
one-way ANOVA to identify significant differ-
ences amongst the treatments followed by
Tukey’s post hoc test. The values of P<0.01,
P<0.05 for biochemical assay and plant based
studies, respectively were considered statisti-
cally significant.

Results and Discussion

Evaluation of dimethoate tolerance by se-
lected PGPF

To check the impact of pesticide on
growth of chosen PGPF T103, DM plate assay
was done at the concentration of 0 to 2000 ppm
of DM. Average linear growth of PGPF was de-
creasing with increasing concentration of DM.
The maximum ALGR (mm/ Day) was record-
ed at 0 ppm and the minimum at 1000 ppm.
Sporulation was observed to take place even
at a concentration as high as 1000 ppm; how-
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ever, spore count was reduced. Spores are
the seeds for Trichoderma, which are required
for their propagation [28]. Figure 1 shows that
it can produce spores up to 1000 ppm of DM
(which is almost 100 times more than the maxi-
mum residue reported in crops).

Spore production at 1000 ppm is
indicative of the isolates’ potential to sustain
their growth at higher concentrations of pesti-
cides. Pesticides are known to impact microor-
ganisms, animals and plants at cellular level
adversely. According to Ore et al., 2022,
pesticide application can influence microbial
diversity, which can be detrimental to plant
growth and development by decreasing nutri-
ent availability or disrupting the nutrient cycle
[29]. Hage-Ahmed et al.,, 2014 showed that
pesticides changed the sporulation and fun-
gal community composition [30]. Therefore,
employing microbial bioinoculants with high
tolerance that can grow and divide at higher
concentrations of pesticides is the need of the
hour.

DM (ppm) Ty (0 ppm) | Tsy (S00 ppm) | ;49 (1000 ppm)

ALGR (mm/Day) 214+0.96 13.3+£0.57

Spore suspension — =

4.4x10°

8.3+0.33

1 )

Spore count 5.5x10°

Fig.1. Average linear growth and sporulation of
PGPF-T103 under dimethoate stress

The liquid broth assay showed a
negative correlation between pesticide con-
centration and biomass. At 0 ppm, the bio-
mass was around 3.95% g/L which reduced to
1.911£0.18 g/L at 300 ppm, and at 2000 ppm,
the concentration was as low as 0.55+0.18 g/L.
The estimated LD,, value for DM was near
300 ppm. In both DM plate and broth assays,
PGPF strain T103 showed striking pesticide
tolerance potential.

Comparative analysis of infrared spectra of
control and PGPF treated samples

To observe any structural alterations
that occurred due to PGPF-T103 treatment
in contrast to untreated DM control, samples
were analyzed using FTIR, where spectral
readings ranged from 600 to 4000 cm™. In the
PGPF-T103 treated sample, a new peak was
recorded at 3456 cm™' which was absent in the
control sample. This peak corresponds to —OH
and -NH stretching [31]. Significant variation in
the peaks corresponding to 1043 cm™ and 1235
cm™ was observed in the treated sample, in-
dicating C-O stretching. Characteristic peak
variation at 1737 cm™ (C=0 stretching) was
observed, with considerable variation in peak
reduction in the PGPF treatment (35%T) com-
pared to the control (28%T) (Figure 2). In
the current study, variations in FTIR readings
were observed at 1043, 1235, and 1737 cm™,
similar to what was observed in other studies
[32, 33]. Prolonged treatment (15 days) with
PGPF resulted in effective disappearances of
these pesticide specific bonds.

[ oo ——

\ N \ A4 AF .
‘v/ \/ ‘m“\ N /¥ VA I\
v . T
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Fig.2. FTIR analysis of the PGPF-T103 treat-
ed sample as compared to the DM Control
(300 ppm)

Comparative phytotoxicity analysis at low
and high concentrations of dimethoate

In comparison to the control (No
pesticide) drastic reduction in shoot length,
root lengths, biomass and chlorophyll con-
tents were recorded in presence of DM (at
both 10 ppm and 300 ppm) (Table 2). Similar
to our results Pandey et al, 2022, demonstrat-
ed that DM administration on wheat plants for
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prolonged periods of time (>10 days) showed
an inhibitory effect on plant growth parame-
ters such as root length, shoot length, fresh
weight, dry weight and chlorophyll content. DM
is water soluble, so it is quickly absorbed by
plant roots and accumulates in leaves, where
the majority of plant metabolic activities occur.
The buildup of DM in plant may impede cell
division and elongation, resulting in a reduction
in root and shoot length. Lower dosages that
had a positive response for a short period of
time become harmful if treatment periods are
extended beyond 10 days [34]. Even though
some scientific groups present an argument
that OPPs are water soluble, have shorter half
life and thus may not hold greater research
emphasis due to lesser retention times in the
soil ecosystems. This observation on impact at
concentrations that are three times less to
field application rate, as evidenced in this
study, calls for aconcentrated thought on pos-
sible future yield impact. Range of DM pesticide
applied by farmers and reported residues in soll
and plant sample is detailed in Table 1. The
exposure to very high pesticide dose may be
transient but the impact can be long lasting
(Table 2). At higher concentrations there is
stark indication of pesticide toxicity on photo-
synthesis. In this study almost half reduction
in chlorophyll a content was recorded at 300
ppm. Chlorophyll is a necessary component of
the plant photosystem that is required for pho-
tosynthesis. Gitelson et al. (2006) argued that
estimating chlorophyll content is critical in de-
termining output. As variations

in canopy Chl are connected to crop
phenology, canopy stresses, and vegetation
photosynthetic capability, it can also be relat-
ed to gross primary production (GPP) [35].
The amount of chlorophyll in the leaves
determines photosynthetic capacity and is
thus one of the most significant physiologi-
cal factors influencing crop yield [36]. Sharma
et al., 2019 proposed that pesticide stress af-
fects photosynthesis for a variety of reasons,
including the down regulation of photosynthetic
enzymes, which reduces the production of pho-
tosynthetic pigments, the decreased stability of
protein-pigment complexes, which causes an
increase in pigment degradation, the restriction
of QA oxidation, which prevents the electron
transfer from PSIlI to PSI, and the produc-
tion of free radicals [37]. Mishra et al, 2008,
demonstrates that DM has an immediate effect
on the different locations of the photosyn-
thetic electron transport chain. At all DM con-
centrations, PS Il reduction and chain ac-
tivity were observed. With rising dimethoate
concentrations, there was a considerable de-
crease in PS |l and overall chain activity, which
is linked to damage to the oxygen-evolving
complex, which eventually gets transferred
to the plastoquinone site and the PS Il reaction
centre [38]. Impacts of pesticides on animal sys-
tems are well studied [39-42]. On the contrary,
phytotoxicity data is very scarce, which neces-
sitates the studies being conducted on multiple
crops. Parween et al, 2014 reviewed the effect
of pesticide on plants and concluded that it
leads to alteration in biochemical, physiologi-

Table 2: Evaluation of plant growth parameters at field application and at residue levels

Pesticide Reduction Reduction Reduc- | Reduction | Percent phyto-
concentra- inRL in SL tionin in Chlo- toxicity
tion DW rophyll
content
At field residue 14.6 % 11.7 % 22% 6.8% 15%
level
At field appli- 69.7 % 37.6% 39% 48.8% 70%
cation level
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cal parameters of plants which might be visi-
ble as decrease in yield [43]. The majority of
research studies on plants, have focused on
pesticide residue detection rather than inves-
tigating the physiological phytotoxicity caused
by pesticides. The findings of this study will

help researchers better understand the influ-
ence of DM on numerous plant development
indices, notably in Sorghum bicolor, at both
the residue and field application levels.Table 2:
Evaluation of plant growth parameters at field
application and at residue levels

Fig.3.a. Phytotoxic impact of DM on aerial
pesticide), DM

300

| T,

plant parts at field application level; T, (No

(300 ppm of DM), b. Phytotoxic impact of DM on root system architecture at field

application level c. plant phytotoxicity at residue level (10ppm); T, (No pesticide), DM, (10 ppm

of DM).

Comparative analysis of RSA was
done both visibly and by using RhizoVision Ex-
plorer version 2.03 software and results are
detailed in Table 3. Reductions in root branch-
ing and root hairs were clearly visible in the
presence of DM (Figure 3). Profuse primary
and secondary root branching and extended
root system architecture was observed in the
absence of pesticide stress. Upon challenging
with DM the plant exhibited a severely con-
stricted root architecture, where there is a pre-
dominant decrease in the number of primary,
secondary and tertiary roots were recorded.
The overall root surface area was reduced by
>1000 fold in DM challenged plants. As

the root hairs take nutrients and water from the
soil, a healthy and robust root system is essen-
tial for plant growth. [44]. These morphologi-
cal changes may have an influence on yield,
since biomass was reduced by 22% and 39%
at 10 ppm and 300 ppm, respectively. The
findings of this study reveal that DM has a
detrimental impact on plant development and
that the plant cannot overcome it on its own.
Therefore, utilizing microorganisms with the
ability to protect plants under pesticide stress
(DM) would help in alleviation of phytotoxicity
due to pesticides. In this study, PGPF-T103
was selected for further in-vivo plant growth
assays and greenhouse studies.

Table3. Comparative analysis of RSA under no pesticide condition and DM stress

DM R.O.l No. of No. of Total root Network | Volume.| Surface

(ppm) roottips branch length. px area.px2 | px3 area.px2
points

0 ppm Full 38 40 1956 42701 17315259 476353

300 ppm Full 2 4 31 247 0.96 427

* Pixel to millimeter conversion factor-25.4, px-pixel, RSA-root system architecture, R.O.I-
Region of interest
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Plant growth support by PGPF under di-
methoate stress in in-vivo bioassay

The effects of inoculation with PGPF
on plant growth were visible on shoot length,
root length, plant biomass, and the root system
architecture of sorghum plants at 15 days af-
ter germination (Figure 4). Seed priming with
PGPF exhibited a significant (p < 0.05) im-
provement in the growth of sorghum plants un-
der normal (no pesticide) and pesticide stress
(10 to 300 ppm DM) conditions. It resulted in an
increase in root length, of 29%, 53%, 233%, and
119% at 10 ppm, 50 ppm, 100 ppm, and 200
ppm, respectively. However, the increases in
shoot length were 15% at 10 ppm and around
3% at 200 ppm. Trichoderma was also earlier
known to increase root length under drought
and salinity stress [45, 46]. Biomass increased
by 36%, 10% was recorded at 10 ppm and 200
ppm, respectively (Figure 4). Chlorophyll has
direct functions in photosynthesis and is thus
strongly related to crop photosynthetic capacity,
development, and yield. Ghimire et al, (2015)
[47] demonstrated that chlorophyll concen-
tration has a favorable and substantial influ-
ence on maize grain production. A significant
increase in chlorophyll content was observed in
PGPF treatments up to 100 ppm of DM under
in-vivo conditions. PGPF helps the plants under
stress in two main ways, firstly, by giving growth
support (increase in root length, shoot length,
biomass); and secondly, by alleviating the phy-
totoxicity and by producing molecules like pro-
line that help them cope with the stressed con-
dition.

Proline is required by plants in a
number of stress scenarios. It is a good
osmolyte, metal chelator, antioxidant defense
molecule, and signaling chemical [48]. In this
study, increasing DM concentrations resulted in
a steady rise in proline content in untreated
plants. Proline is a stress marker and produced
under abiotic stress conditions to stabilize pro-
teins, enzymes, to maintain membrane integrity,
to detoxify ROS [49]. Pesticide leads to drying
of plant which leads to cellular dehydration in
such conditions plants produce proline which

act as an osmoprotectant [50]. Shakir et al,
2018, also reported similar results, where imi-
dacloprid pesticide significantly increased pro-
line levels (65% to 138%) in the shoot tissues
at all applied concentrations [51]. In this study,
PGPF treatment resulted in lower proline lev-
els than the untreated control at each concen-
tration (Figure 5). The values are statistically
significant; implicating that PGPF-T103 treat-
ment was effective in easing stress response
in plants. Lower proline concentration after
PGPF treatment demonstrates the efficacy of
PGPF to rescue the plants from DM stress,
as greater levels of proline are recorded under
various abiotic stresses.

Greenhouse study

A long-term greenhouse assay (45
days) was performed to evaluate the ability of
PGPF-T103 to alleviate the DM stress symp-
toms in S. bicolor and support plant growth.
Figure 6 shows the phytotoxicity percentage
based on RL and SL recorded under vary-
ing concentrations of DM. Other investiga-
tions also noted a reduction in the length of
the shoots and roots under pesticide stress
[52, 53]. Phytotoxicity was more visible in roots
than shoots. For instance, at 50 ppm DM, phy-
totoxicity was 29% in roots whereas in shoot
phytotoxicity was 9%. A similar pattern was ob-
served at 300 ppm DM, where the phytotoxicity
in the root was 76% and that in the shoot was
48%. This could because roots are highly sen-
sitive in recognizing the physicochemical varia-
tions in the soil, and also because they are the
principal structures that can influence sustained
nutrient and signaling functions of the plants
that are challenged with a multitude of abiotic
stresses [54]. Thus till a threshold concentra-
tion, the pesticide stress might be affecting the
plant root system visibly more as compared to
its aerial parts. However, once pesticide toler-
ance is breached the impact is prominent even
in the aerial parts of the plant. For instance,
browning of shoot tips, necrosis, chlorosis,
burning, stunted growth, decrease in number
of leaves as well as their width was recorded
at higher concentration of DM (300, 600 ppm).
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Fig.4. Plant growth support by PGPF-T103 under dimethoate stress a. Plant growth under DM
stress (10-200 ppm), T1 (10 ppm DM), T2 (10 ppm DM+ T103), T3 (50 ppm DM), T4 (50 ppm
DM+T103), T5 (100 ppm DM), T6 (100 ppm+ T103), T7 (200 ppm DM), T8 (200 ppm+ T103), b.
Chlorophyll content, ¢. Root length, d. Shoot length and e. Dry weight, under DM stress 10 ppm
with and without PGPF-T103 treatment. The comparison of treatments was performed by ANOVA
single factor, P value <0.05 was considered as statistically significant. Phytotoxicity symptoms
were recorded in plants under DM stress, where PGPF treatment is not done. At 10 ppm of DM,
phytotoxicity was 10%, and it was around 65% at 300 ppm of DM.

Effect of DM on Proline content with and without PGPF|

N N
S th
| |
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DM Treatments

Fig.5. Proline content under DM stress in pres-
ence and absence of PGPF-T103, T1 (10 ppm
DM), T2 (10 ppm DM+ T103), T3 (50 ppm DM),
T4 (50 ppm DM+T103), T5 (100 ppm DM), T6
(100 ppm+ T103), T7 (200 ppm DM), T8 (200
ppm+ T103), The comparison of treatments
was performed by ANOVA single factor, P
value <0.05 was considered as statistical-
ly significant. ns- Not significant, *-P<0.05, **-
P<0.01, ***-P<0.001

Similar symptoms due to pesticide stress were
reviewed by Sharma et al, 2017 [55]. A close
observation of Figure 6 reveals this fact, where
up to 300 ppm the impact on shoot phytotoxic-
ity was much lesser as compared to impact on
root. However, beyond threshold (300 ppm),
the adverse impact on the shoot is as strong
as the adverse impact on root. PGPF-T103 ap-
plication resulted in better root systems in S.
bicolor. Growth parameters, such as the RL,
SL and DW recorded from 45 days old plants,
are shown in Table 3. Inthama et al, 2021 also
observed that application plant growth promot-
ing microbe B. aryabhattai in paraquat pesticide
contaminated soil, resulted in longer root and
shoot lengths in cowpea [55]. In another
study Trichoderma asperellum increased the
phoxim tolerance in Solanum lycopersicum by
promoting plant detoxification potential [56].
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Rhizospheric application of PGPF T103 in-
creased the plant growth up to 300 ppm of
DM (Figure 7). Findings of our study corrob-
orate the previous findings where applica-
tion of microbes helped the plants to cope up
with phoxim pesticide stress [57]. PGPF-T103
enhances the R/S ratio at each concentration

be because PGPF improves the architecture
of root systems, which is evident from the in-
creased root lateral branching and root hair de-
velopment. Plants with a higher value of R/S
indicate their enhanced ability to absorb wa-
ter and nutrients. The percentage increase in
root length, shoot length, and biomass at con

of DM. For instance, without PGPF treatments,
the R/S ratio decreased from 5.6 (at 0 ppm), to
4.3 (at 50 ppm), 0.23 (at 150 ppm), and 0.21
(at 300 ppm). Upon PGPF treatment, the R/S
ratio was 0.66, 0.35, and 0.34 at 0 ppm, 150
ppm, and 300 ppm, respectively. This could

Values are the mean value + S.D of three in-
dependent replicate. The comparison of treat-
ments was performed by one-way ANOVA fol-
lowed by Tukey’s post hoc test, the values of P
<0.05 were considered statistically significant*

Table 4. Effect of DM stress on growth parameters of S. bicolor in presence and absence of
PGPF-T103

Treatments RL (cm) % Increase RL | SL (cm) | % Increase in| DW(mg) % Increase in
upon PGPF SLupon PGPF DWupon PGPF
treatment treatment treatment

T1 (Oppm) 5.6+0.5 Control (Oppm) | 1040.1 Control (Oppm) 2022 Control (Oppm)
T2 (Oppm+PGPF) *740.5 25% 12191 20% *227+6.7 12%

T3 (50 ppm) 4+0.9 Control (50ppm) | 9.120.5 | Control (50ppm) 160111 Control (50ppm)
T4(50ppm+PGPF) 73106 | 82% 11+0.4 17% ***+204+11 27%

T5 (150ppm) 2.1£0.1 Control(150 ppm) | 9.1+0.1 89+2.5 Control(150 ppm)
T6 (150ppm+PGPF) | *3.810.6 80% 11£0.6 17% 107+4.2 20%

T7 (300ppm) 1.9+0.3 Control(300 ppm) | 8.1+0.7 | Control(300 ppm) 67+9.3 Control(300 ppm)
T8 (300ppm+PGPF) | *3.4+0.1 79% *10+0.8 | 23% **96+8.7 43%

T9 (600ppm) 1.2+0.3 Control(600 ppm) | 5.2+0.2 | Control(600 ppm) 33+5.8 Control(600 ppm)
T10 (600ppm+PG- | 2.3+0.5 92% 5.9+1 14% 50+6.8 52%

PF)
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Fig.7. Effect of DM stress on S.bicolor grown in
the greenhouse at 45 Days; (a) Plants grown in
greenhouse (b) untreated control pesticide (0
ppm), treated 0 ppm+ PGPF; (c) 50 ppm, 50
ppm+ PGPF; (d) 150 ppm, 150 ppm+ PGPF;
(e) 300 ppm, 300 ppm+ PGPF. In b, ¢, d and
e- Plants on the left side are untreated and on
the right side are treated with PGPF-T103 cen-
trations of 0 ppm, 50 ppm, 150 ppm, and 300
ppm is presented in Table 3. PGPF was able to
support plant growth both at 15 days and at 45
days of experiments. Plant growth support by
microbes under xenobiotic stress was estab-
lished by few other researchers [58, 59]

Conclusion

DM influences plant growth and de-
velopment in terms of both qualitative and
quantitative parameters. The deleterious effects
of DM are evident right from the concentrations
as low as 10 ppm which escalated further as
the concentration of DM has increased. PG-
PF-T103 primed seedlings were successful
in overcoming stress due to DM more effec-
tively till a concentration of 100 ppm, beyond
100 ppm and till 300 ppm even though they
performed better than PGPF- T103 untreated
host they were not completely successful in re-
versing the impact of DM induced stress. Nev-
ertheless, irrespective of the concentration of
pesticide PGPF-T103 treated seedlings invari-
ably suffered less from the DM exposure as
compared to those plants that were left un-
treated. Treated plants were supported by the
increased root length; shoot length, Chlorophyl
a and drop in the proline content and phytotox-
icity. The protective impact and growth support

of sorghum were observed both in in-vivo
(15 days) and greenhouse (45 days) studies.
These results, linked to the PGPF-T103 ap-
plication, are definitive evidence that Trich-
oderma harzianum isolate T103 can protect the
plants under pesticide stress.
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Abstract

Several risk factors cause Oral Squa-
mous cell carcinoma such as alcohol and smok-
ing. In considerable studies, patients without
exposure to these habits develop OSCC which
emphasizes the role of other factors like onco-
genic viruses and genetic susceptibility. Several
viruses are frequently associated with OSCC
along with co-factors on which the viruses are
dependent for their carcinogenic abilities. The
accurate role of viruses in cancer development
is yet to be studied to improve treatment and
prognosis of OSCC. In this study, the preva-
lence of HSV-1, HSV-2, and CMV in the patients
diagnosed with OSCC are reported with help of
molecular and quantification techniques such
as PCR and ELISA which recognize the DNA of
the virus in the host and 1gG, IgM antibodies of
HSV-1, HSV-2 and CMV in the blood serum. The
results are statistically analyzed, determining
the significance of the results obtained. OSCC
occurrence because of HSV infection with risk
factors like smoking, alcohol consumption, to-
bacco chewing was less as compared to the
cancer caused by infection of CMV with com-
bination of risk factors. The genetic material of
both the studied virus HSV (1 and 2) and CMV
were observed to be in majority biopsy samples
of the patients.

Keywords: Oral Squamous Cell Carcinoma,
HSV, CMV, antibodies, quantification, EBV,
Vaccines, oncogenic proteins, OSCC, HPV, on-
cogenic viruses, head and neck cancers, PCR,
tobacco chewing, smoking, oral cancer.

Introduction

Oral cavity cancer is the sixth most
recurrent cancer reported worldwide, of which
almost 5% has been observed in developed
countries. In the Indian subcontinent, due to its
large population, it was always regarded as an
epicentre for oral carcinomas and a major pub-
lic health challenge by the WHO1. There is a
vast variation in the global burden of this dis-
ease, which has vital incidents in India, South-
east Asia, and South Asia being the highest in
the world. An increase in the incidences was
observed in Latin America, Europe, and other
Pacific parts. An enormous effect on the biolog-
ical system by environment and lifestyle factors
carried out a direct or indirect role in cancer
development2. OSCC is primarily originating
from mucosal epithelium that is non-keratinized
and stratified. Some similarities to Squamous
cell carcinomas occur on other body parts mor-
phologically like the bronchi, anus, and cervix.
It was typically assumed that alcohol, tobacco,
and betel quid consumption caused the devel-
opment of OSCC majorly3, 4.

Oral squamous cell carcinoma patients witha history of nicotine and alcohol abuse.
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Since the 20th century, studies on the
impact of viruses on OSCC were reported,
where the infectious agent was identified and
isolated, and which was later observed to be
able to induce a tumor in chicken5-8. OSCC
etiology depends upon several factors which in-
clude environment, lifestyle, genetic alterations,
and infectious agents. The chief role in etiology
is played by viruses. The most typical viruses
which cause OSCC are HPV9, Herpes group10,
CMV11, adenovirus12 and HPV13. HSV in-
cludes eight viruses which are HSV-1, HSV-2,
EBV, CMV, and VZV14. In the past few years,
HSV has been investigated in association with
human cancers. HSV-1 antibodies in patients
with oral cancers were observed to be high15,
16. Mainly, IgA and IgM classes were observed
in the patients, while anti-HSV IgM retained a
transient life in the host. The more considerable
risk was observed when risky habits like alcohol
consumption, smoking, chewing tobacco along
with infection with HSV and CMV caused high-
risk cancer. Reports were observed where the
genetic material of the viruses was found in the
oral cancer patients17-19. It was deemed that
the association of HSV and CMV with oral can-
cers is difficult to study as the transformed cells
do not express the antigens or specific genes to
viruses.

Recent years have seen little progress
in the study of the malignant potential of HSV.
The polymerase chain reaction (PCR) assay is
a technique that has several advantages over
other methods4, 20. It can detect viral presence
in initial infections and requires only a limited
quantity of biological material. PCR detection
of HPV, Epstein—Barr virus (EBV), and HSV
are exceptionally sensitive and specific and can
supplement the clinical detection of virus-asso-
ciated oral lesions18, 21. Because the herpes
virus subtypes can vary in distinct parts of the
world, there have been few studies in Iran about
the prevalence of HSV in OSCC3, 11, 17. This
study was conducted to determine the preva-
lence of HSV and CMV in OSCC (in isolation
or in combination with tobacco and alcohol) by

PCR technique. The genetic material of both
HSV and CMV in the biopsy samples taken from
various sources of the oral cavity of patients and
healthy controls and the prevalence of IgG and
IgM antibodies in the blood serum that were col-
lected from patients as well as control subjects.

Methods

All the OSCC cases were diagnosed
during the study which was carried out by fol-
lowing all the ethical committee standards. All
procedures were followed in accordance with
the standards of the liable hospital or institution
committee. All personnel were interviewed with
a planned questionnaire to collect information
regarding their lifestyle and habits.

Criteria of selection

All patients have been included in the
exclusion criteria as well as exclusion criteria
with the help of their clinical data acquired. The
required information like age, gender, alcohol
intake, smoking, and chewing tobacco products
was noted. The exclusion criteria included the
patients who denied consent and patients who
have to undergo radio or chemotherapy or have
any pre-existing conditions like heart diseases.
The inclusion criteria included the patients who
were confirmed with oral carcinoma and who
were AIDS and Hepatitis B negative.

Sample collection

Tumour tissue and blood were collect-
ed from OSCC patients and healthy patients at
the time of the biopsy. The tissue samples were
stored in saline and formalin solution till further
use. Blood samples were collected in the EDTA
coated tubes to prevent coagulation, and serum
was separated which is used as a control in sev-
eral experiments.

Molecular analysis

DNA was extracted from the biopsy samples
of both healthy and OSCC patients. Both for-
ward and reverse primers were designed for
HSV :(5-AGCCTGTACCCCAGCATCAT-3’ for-
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ward and reverse primer 5-TGGGCCTTCAC-
GAAGAACA-3’ for HSV-1 DNA and 1 pl each
of the forward primer 5~AGGCCTACCAACAG-
GGCG-3’ and the reverse primer 5’-CTGGATC-
GACGGGATGTGC-3’ for HSV-2) and CMV (for-
ward primer 5-TTT GGA GAA AAC GCC GAC
-3’ and the reverse primer 5-CGC GCG GCA
ATC GGTTTG TTG TA-3).

The target DNA fragment was ampli-
fied using PCR using Bio-Rad kit maintaining
appropriate temperature and time cycles for 40
repeats after which the PCR products were an-
alyzed on 3% agarose gel stained with ethidium
bromide and visualized under UV transillumina-
tor.

Quantitative determination of Herpes sim-
plex 1,2 and CMV Ig G and Ig M in the blood
serum

This assay was performed with DIESSE
Diagnostic Senese kit, Italy. This kit is based
upon the ELISA technique where the antigen
containing the partially purified orinactive virus is
bound to the solid phase. Specific immunoglob-
ulins to the selected viruses were bound to the
antigen by incubating them together in human
serum. Subsequent washes were performed
to eliminate any loose proteins. The complex
of the antigen and the specific immunoglobulin
was incubated along with a conjugate made up
of human IgG monoclonal antibodies in a com-
plex with horseradish peroxidase. Peroxidase
substrate is added after washing to remove any
unconjugated complexes. Development of color
was observed which is proportional to the anti-
body concentration of the serum sample. The
reaction is interrupted by adding a stop solution
which develops a yellowish color in the samples
which can be read using a microplate reader.

Results and Discussion

Demographic characteristics of the popula-
tion

The current study has employed 100 patient
samples of Oral Squamous Cell Carcinoma
(OSCC) as well as 100 healthy controls. The

demographic characters and the involved risk
factors were already described [Table 1]. The
demographic profiles of all the subjects includ-
ing age, sex, habits that can cause OSCC were
noted. 45% of the 100 OSCC patients were
male, while the rest 55% were females. In a
similar fashion, in the control group, males were
55% while females were 45%. The age groups
for patients range from 9-87 while for the con-
trol population, age recorded was 21-76. The
average age of the patient samples, as well
as healthy controls during diagnosis, were re-
corded as 50.53 and 55.27 respectively. The
subjects with carcinomas were divided into four
sub-groups which are < 25, 26-45, 46-65, and >
66 age groups. Habits such as tobacco chew-
ing, alcohol, and tobacco chewing, alcohol and
smoking, and alcohol, smoking, tobacco chew-
ing in OSCC as well as controls were observed
to be 32%, 30% and 17%, 13% and 12%, 6%,
and 10%, 6% respectively. The biopsy for the
cancer patients was categorized as tongue,
buccal mucosa, mandible, oral cavity, retromo-
lar trigone, the floor of the mouth, lip, tongue
base, maxilla, and palate which showed inci-
dence as 23%, 35%, 12%, 10%, 8%, 4%, 3%,
2%, 2% and 1% respectively. The tumor was
categorized into four stages like stage 1 of 6%,
stage 2 of 21%, stage 3 of 39% and stage 4 of
34% [Table 1].

Table 1: Demographic table of patient and
healthy population:

Clinical Characteris-|n = 100 n = 100
tics (Cases) (Controls)
Gender

Males 45(45%) 55(55%)
Females 55 (55%) 45 (55%)
Mean age & Range | 50.53/9-87

Males

Mean age & Range Fe- | 55.27/30-

males 75

Age Distribution

26-45 28 (28%) 22(22%)

Oral squamous cell carcinoma patients witha history of nicotine and alcohol abuse.
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46-65 60 (60%) 70(70%)
66 and above 12 (12%) 8 (8%)
Habitual Risk

Alcoholics _ 3 (3%)
Smokers 6(6%) 13 (13%)
Tobacco chewing 31(31%) 30 (30%)
Alcohol + Smoking 14 (14%) 6 (6%)
Alcohol +  Tobacco | 26 (26%) 13(13%)
chewing

Smoking + Tobacco | 2 (2%) 4 (4%)
chewing

Alcohol + Smoking + To- | 10(10%) 6 (6%)
bacco chewing

No Habits 11%(11%) | 25(25%)
Site of Diagnosis

Tongue 23(23%)

Buccal mucosa (BM) 35 (35%)

Mandible 12 (12%)

Oral Cavity 10 (10%)
Retromolartrigone 8(8%)

Floor of mouth 4(4%)

Lip 3(3%)

Base of tongue 2 (2%)

Maxilla 2 (2%)

Palate 1 (1%)

Staging

Stage 1 6 (6%)

Stage 2 21 (21%)

Stage 3 39 (39%)

Stage 4 34(34%)

HSV-1 and HSV-2 genotyping

Among the 100 selected patients, the DNA of
Herpes Simplex Virus was found to represent
7% in OSCC and 2% in control samples when
the molecular analysis was performed on the
samples. 4% incidence of HSV-1 was observed
while HSV-2 represented 1% while there was no
incidence (0%) in control samples when HSV-2
was present. Both HSV-1 and the two were ob-

served in 2% of the combined patient population
and 0% in the control population. The results
were statistically significant with the odd ratio
of 2.04, Cl of 0.36 - 11.4, and p-value of 0.005
when the patients and controls were compared.
Differences between the cases and controls
were observed to be not significant when the risk
was for HSV-2, where the OR = 2.04; CI=0.00-
1.04 P=0.4 and for the presence of HSV-1 and 2
were reported as OR=0.02; 95%CI=0.00-1.55;
P=0.08. [Table 2, Figure 1]

Table 2 HSV genotyping in OSCC and control
group

Cas-|{Con -
HSV
es trols Odds P-Val-
Ratio 95% CI ue
typing N (%) | N (%)
HSV-1
Positive |4 2 204 [9:36-1005
11.4
Negative | 96 98
HSV-2
. 0.00-
Positive | 1 0 0.01 1.04 0.4
Negative | 99 0
HSV-1&2
", 0.00-
Positive | 2 0 0.02 155 0.08
Negative | 98 0

Figure 1: HSV infected OSCC Samples

1 — HSV negative
2 — HSV negative
3 — HSV negative
4 — HSV-1 positive

5 — Ladder
6 — HSV-2 positive
7- HSV negative
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Genotyping of HSV in OSCC and control
groups according to demographics

The presence of viral DNA in the patient
and control population was categorized accord-
ing to the demographics. Under the gender cat-
egory, three males and 1 female patient have
shown HSV-1, 1 male has shown HSV-2, and
two females were observed to have both HSV-
1 and 2 DNA. The results were not significant
as the p-value = 0.232. Underage distribution,
2 falls under 26- 45, 2 under 46-65 for HSV-1.
Only one patient was observed to have HSV-2
who falls under 46-65 group. Two patients un-
der the group 46-65 were observed to have both
HSV-1 and 2; the results were not significant as
the p-value is 0.733. Under the category site of
diagnosis, one patient each for the palate, RMT,
the oral cavity, and BM samples revealed the
presence of HSV-1 DNA. HSV-2 was observed
in only one patient whose sample was mandible.
Two patients whose tongue sample was taken

have shown the presence of both HSV-1 and
two. The results obtained were not significant as
the p-value was reported as 0.175. HSV-1 was
observed in three patients whose stage is 2 and
one patient whose tumour is at stage 4. HSV-
2 was observed in only one patient with stage
three tumours. Both HSV-1,2 were observed in
two patients whose tumour was in stages 3 and
4 respectively. The results when analyzed were
not significant as their p-value is 0.595. Under
the category of habits, one patient each has
alcohol + smoking, alcohol+smoking+chewing,
and patients with no habits contain HSV-1 DNA.
HSV-2 was observed in the one patient each
maintaining habits like alcohol consumption,
smoking, and alcohol +smoking. Both HSV-1
and two were observed in one patient each re-
taining habits like alcohol consumption, smok-
ing, and alcohol+chewing. The results were not
statistically significant as their p-value is > 0.05.
[Table 3]

Table 3 Correlation of HSV-1 and 2 genotypes with demographical factors of OSCC patients

Demographical Characteristics HSV-1
Gender
Males (n=45) 3

Females (n=55)

RN

Age Distribution
<25

26-45

46-65

66 and above

o N N O

Site of Diagnosis
BM
Tongue
BOT

FOM

LIP
Mandible
Maxilla
Palate
RMT

Oral Cavity

- =2 2 O O O O O O =—~

Staging

HSV-2 HSV-1&2 F-value P-value
1 0 1.453 0.232
0 2

0 0 0.428 0.733
0 0

1 2

0 0

0 0

0 2

0 0

0 0

0 0 1.689 0.175
1 0

0 0

0 0

0 0

0 0

Oral squamous cell carcinoma patients witha history of nicotine and alcohol abuse.
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Stage 1
Stage 2
Stage 3
Stage 4
Habitual Risk

Alcoholics

- O W o

Smokers

Chewers

Combination Risk Factors
Alcohol+Smoking
Alcohol+Chewing

Alcohol+Smoking +Chewing
No Habits

1
0
Smoking+Chewing 0
1
1

o =~ O O

o o

o O O O -~

0 0.633 0.595
0
1
1
1 0.103 0.958
1 0.753 0.523
0
0 0.673 0.571
1
0
0
0

Quantification of HSV-1, 2 IgG and IgM in se-
rum

46% of the total OSCC patients and 5% of the
control subjects were observed to have HSV-1
IgG antibodies in their serum which was greater
than equal to 1.2 Mmol/L while the HSV-1 IgM
antibodies were observed in 11% of OSCC pa-
tients and 4% of the control population. HSV-2
IgG antibodies were observed in 8% and 3% of
patients and control populations respectively

whereas 3% of patients and 2% of the control
population were positive for HSV-2 IgM. Univar-
iate analysis was performed which revealed that
the results of HSV-1 and HSV-2 IgG, as well as
IgM levels, were not significant when the patient
samples were compared to controls. The lev-
els were elevated which were significant in the
case of HSV-1 IgG (0.001) in OSCC cases as
compared to the control groups while there was
no association between HSV-1 IgM, HSV-2 IgG,
and HSV IgM. [Table 4]

Table 4: Levels of HSV IgG and Ig M 1 &2 in the serum of OSCC and controls

Cases Controls
Serum HSV-1 n(%) Mean*SD n(%) Mean+SD F-value | P-Value
IgG levels (Mmol/L)
<12 54 0.58+0.31 95 0.50+0.22 111.2 0.001
21.2 46 3.35+£1.85 5 3.18+2.32
IgM levels (Mmol/L)
<1.2 89 0.59+0.3 96 0.43+0.19
5.12 0.005
21.2 11 3.131£3.3 4 1.86+0.43
Serum HSV-2
1gG levels (Mmol/L)
<1.2 92 0.64+0.24 97 0.53+0.29 47.5 0.001
21.2 8 3.72+1.73 3 3.29+2.0
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Serum HSV-2 IgM lev-

els (Mmol/L)

<1.2 97 0.45+0.21 98 0.47+0.23 2.69 0.91

21.2 3 1.29+0.00 2 1.49+0.14
CMV genotyping the p-value obtained is 0.08. Underage groups,

In the population of both OSSC patients
and control, DNA of CMV was found in 21% of
patients and 2% of control when the samples
were analysed molecularly. The results ob-
tained were significant statistically with an odd
ratio of 13.02, 95%CI range of 2.96-57.2, and
the P-value of 0.007. [Table 5, Figure 2]

Table 5 CMV genotyping in OSCC and con-
trol group

CMV Cases [ Con-| Odds [ 95% CI | P-Value
Typing N (%) |[trols | Ratio
N (%)
Positive | 21 2 13.02 [2.96-| 0.0007
57.2
Negative |7 98
L 1 2 3 4

Figure 2: CMV infected OSCC Samples

L- 123bp ladder
1 - CMV positive pa-
tient 1

2 - CMV positive patient 2
3 & 4 - CMV negative patient

CMV genotype in association with demo-
graphic features

CMV DNA presence in OSCC patients was cat-
egorized demographically. Samples of 13 males
and 8 females were observed to have the viral
DNA; the results obtained are not significant as

one patient below 25 years, eight patients in
the range 26-45, 11 patients in the range 46-
65, and one patient in the range 66 and above
were reported to have CMV DNA in their sam-
ples; these results were not significant as p-val-
ue is 0.09. Under the diagnosis site category,
five patients of BM, eight patients of the tongue,
one patient of FOM, two patients of the man-
dible, one patient of the palate, one patient of
RMT, and three patients of the oral cavity were
reported to have the viral DNA. The results ob-
tained were not significant as the p-value was
calculated as 0.6. CMV DNA was observed in all
4 stages of tumor groups 3 in stage 1, eight in
stage 2, nine in stage 3, and one in stage 4; the
p-value was calculated as 0.003 which means
the results were significant. Under the category
of habits, one patient with a habit of smoking,
10 patients who chew tobacco, four patients
who consume alcohol and smoke, two patients
who consume alcohol and chew tobacco, one
patient who smoke and chew tobacco, one pa-
tient who consumes alcohol, chew and smoke
tobacco and two patients with no habits were
reported to have CMV DNA in their biosamples.
The p-value was 0.05 which shows that the re-
sults were significant. [Table 6]

Table 6 : Correlation of CMV genotypes with de-
mographical factors of OSCC patients

g:a'r“agtg;;i'z:'ca' CMV N=21 (%) | P-value
Gender

Males (n=45) 13 (61.90) 0.08
Females (n=55) 8 (38.10)

Age Distribution

<25 1 (4.76) 0.09
26-45 8 (38.10)

46-65 11 (52.38)

66 and above 1 (4.76)

Oral squamous cell carcinoma patients witha history of nicotine and alcohol abuse.
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Site of Diagnosis
BM

Tongue

BOT

FOM

LIP

Mandible

Maxilla

Palate

RMT

Oral Cavity
Staging

Stage 1

Stage 2

Stage 3

Stage 4

Habitual Risk
Alcoholics
Smokers

Chewers
Combination Risk Fac-
tors
Alcohol+Smoking
Alcohol+Chewing
Smoking+Chewing
Alcohol+Smoking
+Chewing

No Habits

5(23.81)
8 (38.10)
0 (0.00)
1 (4.76)
0 (0.00)
2 (9.52)
0 (0.00)
1 (4.76)
1 (4.76)
3 (14.29)

3 (14.29)
8 (38.10)
9 (42.86)
1 (4.76)

0 (0)
1 (4.76)
10 (47.6)

4 (19.05)
2 (9.52)
1 (4.76)

1 (4.76)
2 (9.52)

0.6

0.003

0.05

880

Quantification of CMV IgG and IgM antibod-
ies in serum

28% of the total OSCC patients and
4% control serum samples were observed to
be positive for CMV IgG at a concentration less
than 1.2 Mmol/l while CMV IgM antibodies were
observed in 9% of OSCC patients and 1% con-
trol samples. Univariate analysis was performed
to the results obtained for IgM of CVM gave a
p-value of 0.02 which is significant while for IgG
of CVM gave a p-value of 0.45 which is not sig-
nificant. [Table 7]

Squamous Cell Carcinoma malignancy
is primarily associated with gender, geograph-
ical region, and location22, 23. Southern Asia
was reported to be more prevalent amongst oth-
er countries. SCC is observed more in the male
gender as compared to females. In India, SCC
is more prevalent in the form of Oral and tongue
cancers24 mandating focus on associated key
genetic players that may contribute to OSCC
pathogenesis, and the curative potential25. IgM
antibody is important to act against HSV in the
pretext of oral cancers26 and HSV enacts a cru-
cial role in cancer incidence27. An association
between mandibular OSCC and HSV infection
where in the prevalence of HSV-1 was 18%
and HSV-2 represented 6% was reported in a
study28. HSV prevalence in worldwide patients
suffering from OSCC was almost 15% while the
highest was observed in the United Kingdom.
This clarifies that geographical differences affect
HSV prevalence29. 5% of the patients infected
with HSV-1 are with OSCC30 and HSV-2 has a

Table 7: Levels of CMV IgG and IgM in the serum of OSCC and controls

Serum CMV

1gG levels (Mmol/L)

<1.2
21.2

IgM levels (Mmol/L)

<1.2
21.2

Cases n(%)

72
28

91

Mean*SD

0.38+.0.22

1.37+0.18

0.46+0.24
1.24+0.02

Controls n(%) | MeantSD F- value P-Value
96 0.40+0.25 1.32 0.25

4 1.37£0.11 2.67 0.45

99 0.44+0.2 1.44 0.02

1 0 - -
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high prevalence in OSCC in the samples which
are differentiated tissue with HSV-1 (7.5%) and
HSV-2 (15%), while 5% were coinfected with
both HSV-1 and HSV-2 31. Several studies have
reported that HSV-1 and HSV-2 in combination
with tobacco usage by chewing or smoking and
concurrent alcohol consumption or any other
consumption of chemical carcinogens can pro-
mote development of OSCC11, 27. CMV was
observed to have a high prevalence in OSCC
than in other cancers32. Several articles have
discussed the presence of CMV in tumors and
its involvement in the development of tumors33,
34. Studies have reported that age, gender, lo-
cation, histological stage, grade, size and distri-
bution of the lesions in patients are associated
with CMV prevalence in OSCC patients. It was
reported that the general prevalence of CMV in
oral cancer patients was different in several ar-
eas ranging from 0 to 91.5% 35-38. In a study,
CMV percentage is high in OSCC (42.5%) than
in benign (25%) and control samples (7.5). Sim-
ilarly, CMV DNA was found in OSCC which was
nearly 28% 32. Many clinical and experimental
results have recommended the partial contribu-
tion of CMV to malignancy and chemoresistance
in tumor cells39, and may play a significant role
in modulating the tumor microenvironment40.
CMV lays dormant in the body after infection,
due to the exposure of the squamous cells to
tobacco and alcohol consumption. Cell dam-
age and subsequent infection of the damaged
cells by CMV was observed in several in vitro
studies. These infected cells then transform to
cancerous cells leading to OSSC in several in-
dividuals.

The current study predominantly fo-
cuses on the molecular and serological epide-
miology of HSV-1, HSV-2, and CMV in patients
with Oral Squamous Cell Carcinoma. The risk
factors like alcohol consumption, smoking,
chewing tobacco were considered individually
or in combinations showed that in the combined
patient population, HSV-1 (3%), HSV-2 (1%),
HSV-1,2 (1%), and CMV (21%) prevalence was
observed. Tumors in several stages were tested

for the prevalence where HSV-1 (4%), HSV-2
(1%), HSV-1, 2 (2%), and CMV (21%) of the
patient population were observed having viral
prevalence. Although there was a reduced rate
of HSV infection it could be due to the limited
population, size of the sample amongst others.
Our findings were in contrast to several studies
which reported a majority of OSCC in the male
gender. According to the results, patients infect-
ed with the HSV genome were less as com-
pared to the patients infected with CMV which
means HSV has a low infection rate. Our results
are similar to studies 30 which confirmed that
HSV has a low prevalence rate in patients with
OSCC. Results obtained in this study are similar
to several studies which have reported that the
prevalence of CMV in the OSCC tissue sam-
ples was more than other viruses as they can
increase the oncogenesis and infect the cancer-
ous tissues opportunistically as monocytes and
lymphocytes are the key focus sites of CMV.

Conclusion

Oral cancer is one of the significant rea-
sons for mortality and morbidity mainly in devel-
oping countries which can be foreseen as a rise
in the near future. Viruses associated with head
and neck cancers were studied for several crit-
ical insights into the mechanism of oral cancer.
Viral infection, as well as co-infections, could
provide targets for diagnostic tests and thera-
py along with understanding the tumor devel-
opment mechanisms. Diagnosis of Oral Squa-
mous Cell Carcinoma is typically made by oral
examination which is then followed by tissue
biopsy. Due to this approach, most of the cases
go unaffected and are diagnosed at more re-
cent stages, which cause OSCC to metastasize
leading to less survival rate in 50% of the diag-
nosed population. Even though new diagnostic
techniques in the detection of oral cancer exist
they are incapable of surpassing histopatholog-
ical, molecular, and biopsy is considered gold
in standards. In this study, the prevalence of
HSV-1 and HSV-2 along with CMV viruses was
studied among the selected patient and control
population further associated with several risk
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factors observing that the genetic material of the
virus is integrated into the host DNA. The quan-
tification of IgG and IgM of both the selected
viruses has shown that after the viral infection,
the antibodies are present in the blood serum of
the patients as well as control subjects.
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Abstract

Wound healing research is still aiming
toward complete regeneration and restoration
of the skin’s function and structure with the
least amount of scarring. Controlled and target-
ed medication distribution to wounds is more
convenient than systemic administration, which
allows for larger drug concentrations to be de-
livered to the targeted site over time. The nano
wound healing gel demonstrated a dependable
administration strategy, excellent local tolerabil-
ity, and superior drug delivery methods, which
can promote faster healing. Recently, niosome
formulations have been developed to reduce
toxicity while increasing accumulation at the
target site. Curcuma longa (CU) and honey are
effective at inhibiting the growth of wound-as-
sociated pathogens and hastening the healing
process. The wound healing potential activity of
mupirocin-loaded niosomal gel formulated with
honey and curcumin, as well as their blends, by
ether injection method and investigated for fur-
ther studies. FTIR and DSC study reveals the
compatibility of the drug and other excipients.
In the case of post-approval study the param-
eters evaluated are entrapment efficiency, drug

content, pH, viscosity, spreadability, SEM, in-vi-
tro drug release study, release kinetic study,
stability study, and in-vivo wound healing study
followed by histopathological study. This study
aimed to create an excision wound model in al-
bino rats and compare it to a commercially avail-
able ointment (Mupicip by Cipla). The blended
formulation (Formulation F7) was administered
twice daily, and the wound healing effect was
determined by the highest percentage of wound
contraction, epithelisation period, and histoar-
chitecture studies. The obtained results con-
cluded that formulation F7 is considered as best
formulation and has shown a higher percentage
of wound contraction 99.08%. The histological
study also confirms that formulation F7 pro-
motes faster wound healing.

Keywords: Wound healing, Mupirocin, Cur-
cumin, Honey, Niosomal ointment Nano-drug
delivery.

Introduction

The wound is the disruption of cellular
and anatomic continuity of living tissue, which
is the main cause of physical illness. Wound
healing is the dynamic process of survival of
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a patient by attempting regeneration or resto-
ration of broken tissue and its function (1, 2).
Every year, millions of people around the world
suffer from acute and chronic wounds and their
treatment burden due to its impaired and de-
layed healing process (3). Different kinds of
ulcers including diabetic, vascular, arterial, and
pressure ulcers (4-7) are the main factors re-
sulting in complications and intensive treatment
in wound healing. Wound healing takes place
with three complex interrelated stages, namely
inflammation, granulation, and remodeling (8).
The mechanism of healing is started due to the
secretion of clotting factor fibrin by platelets at
the targeted site (9) Growth factors cytokines
as a key signal arrives with platelets a source
of fibrin clot, helps to treat inflammatory cells
in wound healing. The fibroblast is responsible
for collagen deposition which helps to provide
strength, integrity, and structure to the injured
tissue during wound healing and also helps to
restore tissue anatomic structure and function
(10).

Nanomedicine emerged nanosized
particles help in the diagnosis and treat wound
healing (11, 12) An optimal drug action appli-
cation of nanoscience in the pharmaceutical
industry is very promising and has grown rapid-
ly. Nnao carrier could be a good transporter for
drug molecules to achieve action in the targeted
site. Non-ionic surfactant vesicles like niosomes
(13, 14) can be used as carriers to transport am-
phiphilic and lipophilic drugs (15, 16). Nisomes
are more stable as compared to similar types of
vesicles due to the presence of better surfac-
tants and phospholipids available in them.

A variety of drugs are available for
wound healing management like analgesics,
nonsteroidal anti-inflammatory, and antibiotics
but most of them are responsible for unwanted
side effects. In recent years, herbal drugs expli-
cate their potential in wound healing manage-
ment and revived interest in alternative treat-
ment against synthetic drugs (17). The main
object of this research study is to introduce a
natural antibiotic mupirocin with the combination

of herbal-based products such as curcumin and
honey in the form of niosomal gel to control side
effects. The significance of this study is to pro-
vide quick wound healing of the skin with optimal
functional and aesthetic results (18). Mupirocin
reversibly inhibits isoleucyl-transfer RNA, which
helps in constraining bacterial protein and RNA
synthesis. Mupirocin is highly effective against
many bacteria (19, 20) and pathogens mostly
found in primary and secondary skin infections.
Similarly, curcumin and honey have shown an-
ti-inflammatory, antimicrobial, and wound heal-
ing properties (21-23) and treat against staphy-
lococcus aureus Pseudomonas aeruginosa and
Escherichia coli, the most common causative
agent of wound infections (24,25). Curcumin
is also used in burn wound infection, sepsis in
surgical wounds (26), infections such as bacte-
remia, septicemia, and wound infection in hos-
pitalized patients (27) Honey free from toxic
contaminants, gone through gamma irradiation
sterilization technique is safe for medical appli-
cation (28). Reepithelialization, angiogenesis,
and stimulation of skin and immune cells (29)
are one of the main wound-healing abilities of
honey. The overall aim of this research study is
to develop a Niosome, a nanocarrier to improve
wound healing treatment by enhancing stabili-
ty, reducing toxicity, and controlling the release
profile of active drugs.

Materials and Methods
Materials

Mupirocin and carbopol are obtained from
Divya associates, Vijayawada, India. Miresi is
an online site to get organic honey without any
preservatives. Curcumin (Curcuma longa) was
obtained from Sigma-Aldrich, India. Tween 80,
Cholesterol, and glycerin are obtained from SD
fine chemicals India. All other excipients were of
analytical research grade and contain the high-
est purity.

Curcumin Preparation Process

Curcumin preparation was carried out
with a wide-mouth vial. The calculated amount
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of cholesterol and surfactant tween 80 have
been taken. The mixture was dissolved in dieth-
yl ether and methanol (8:2) solution. Sealed the
vial and heat it with a water bath at 60 °C for
10 min until the cholesterol gets dissolved. The
required quantity of Curcumin has to be added
to the lipid mixture to obtain a creamy yellow gel
(30).

Preparation of niosome by ether injection
method

Weight amount of polymer and mupiro-
cin taken at different ratios in a 250 ml beaker.
Honey is added slowly into the drug and poly-
meric solution with continuous stirring to obtain
a homogeneous mixture. Prepared curcumin
gel loaded into a 14-gauge needle and added to
mupirocin. The temperature maintained during
this mixing is 55-60 °C. Solvents are gradually
evaporated from the mixture to obtain a stable
vesicle (31). This method also helps to control
the size of the formulated niosome, based on
the selection of needle and other factors. For-
mulation codes for different niosomal formula-
tions based on the diverse ratio between poly-
mer, surfactant, and cholesterol are mentioned

Evaluation of Niosomal Gel

Physicochemical evaluation of formulated
niosomal gel

All formulated niosomal gels were sub-
jected to visual inspection to determine the
homogeneity, color, fluidity, and consistency.
Niosomal gel was also viewed under an optical
microscope at 50X magnification to further de-
termine the crystallization, agglomeration, and
grittiness.

The entrapment efficiency of drug

Niosomal gel from each formulation (1
g) was collected individually and placed in a 100
ml volumetric flask which contain 20 ml buffer
solution (pH 7.4) and sonicated for 30 min at
room temperature. The mupirocin-loaded nio-
some were separated from the unentrapped
drug with the help of centrifugation at 12000
rom for 20 min. The supernatant with suitable
dilution was taken for UV analysis at 226 nm.
The % of encapsulated drugs was determined
by using the formula given below.

% Entrapment efficiency =(Amount of drug entrapped )

in Table 1. (Amount of drug added) X100
Table 1: Formulation of niosomal gel loaded with 2% mupirocin (Net Weight 15 g)
Formulation | o9 . TWEENSO: . Distilled
Code polyr'ner Honey | Curcumin Cholesterol ratio Glycerine | Methylparaben water
ratio
F1 2:1 - 5 4:8 5 0.22 Q.S
F2 2:0 - - 5:4 5 0.22 Q.S
F3 2:2 2 2 5:3 5 0.22 Q.S
F4 2:3 5 1 6:8 5 0.22 Q.S
F5 2:2 7 4 6:4 5 0.22 Q.S
F6 2:3 3 2 3:5 5 0.22 Q.S
F7 2:2 5 4 5:8 5 0.22 Q.S
F8 2:2 4 25 5:8 5 0.22 Q.S
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Drug content

Niosomal gel 1 gm was collected indi-
vidually from each formulation and dissolved
with buffer sample pH 7.4 and made up the vol-
ume up to 50 ml. 1 ml of the above solution with
suitable dilution was taken for determination of
absorbance by UV-Visible spectrophotometer at
226 nm.

pH determination of formulated niosome gel

Calibration should be done for the pH
meter before its use. 1 gm of formulated nio-
somal gel was dispersed in 100 ml water and
subjected to calibrated digital pH meter to deter-
mine the pH of the sample. To avoid unwanted
complications each formulation pH was mea-
sured in triplicate.

Determination of viscosity

The selected spindle has been attached
with a viscometer to determine the viscosity of
the sample. The spindle as a rotating element
in a fluid measures torque and indicates the vis-
cosity of the fluid. Various formulated niosomal
gels were subjected to a Brookfield viscometer
to determine the viscosity. The respective read-
ing was noted and represented in cps. The sam-
ples are done in triplicate to avoid the error.

Spreadability

An excess sample was taken from each
formulation to determine the spreadability of the
niosomal gel. Niosomal gel from various sam-
ple ware placed in between two glass slides
and compressed by 100 gm weight for 5 min to
obtain uniform thickness. The weight (125 gm)
was applied to the upper glass slide to separate
both slides. The time required to separate the
slides was individually noted to determine the
spreadability.

SEM study

The morphology of the niosomal gel
was performed by scanning electron microscope
(SEM, Model no. JEOL Model JSM - 6390LV).
1 gm of the sample was added with 100 ml of

buffer solution and mixed for 30 min using a
magnetic stirrer. Take the supernatant sample
to determine the morphology study. It also gives
additional information about the shape and size
of the niosome.

In-Vitro release studies

Franz diffusion cell with receptor com-
partment volume 20 ml used to carry out in vi-
tro drug release study. Cellulose dialysis mem-
branes (Sigma-Aldrich, Mumbai, India) were
soaked in buffer media (pH 7.4) for 24 h at room
temperature before experimenting. From vari-
ous freshly prepared formulations of niosomal
gel 3 mg of the sample was loaded in the donor
compartment. In the receptor compartment, the
buffer media was continuously stirred at 600 rpm
and the temperature was maintained at 37+0.5
°C. After a predetermined time interval, 5 ml
samples were collected from the receptor com-
partment and replaced with the same amount
of fresh buffer media. Collected samples were
analyzed under a UV Visible spectrophotometer
at 226 nm with a suitable dilution. A comparison
study of drug release kinetic has been made
between formulated niosomal gel concerning
commercially available Mupicip manufactured
by Cipla. All the experiments were conducted
in triplicates and the average were calculated to
minimize the error percentage.

Drug release mechanism studies

The drug release mechanism study of
mupirocin-loaded niosomal gel was fitted to var-
ious release models obtained from in vitro dis-
solution profile. The various kinetic models are
zero order, first order, Higuchi model, and Kors-
meyer-Peppas model (32) The high correlation
coefficient value indicates the best fitting of the
release kinetics of any of the models.

Stability studies

The best formulation F7 was packed
in an aluminum collapsible tube of 15 gm and
considered for the stability test. The stability
test was carried out as per ICH guidelines at 25
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°C with 60% RH and 40 °C with 75% RH for 3
months. At suitable time intervals, the sample is
evaluated for physical appearance, pH, viscosi-
ty, spreadability, and drug release profile.

In vivo study

Healthy Wistar albino rats age 8-10
weeks, weight: 200-250g were used to perform
the efficacy of formulated niosomal gel (Con-
taining 2% mupirocin) with marketed mupirocin
gel on excision wound model.

Animal Preparation

In this current research, all the Wistar
albino rats are housed under standard con-
ditions and clinically examined. The animals
were acclimatized to the standard laboratory
conditions in a cross-ventilated animal house at
25 + 2 °C, relative humidity 44-56%, and light
and dark cycle of 12: 12 hours and fed with a
standard diet and water during the study. All the
animals were divided into 3 groups having 6
animals each. The animal ethical clearance no
IAEC/SCPER/2021-22/13 was approved before
performing the study.

Group-I contained control animals (Untreated
animals)

Group-ll best formulation Niosomal gel (mupi-
rocin, honey, and curcumin loaded gel) was ad-
ministered

Group-Ill Application of marketed gel (Mupicip)
Excision wound model preparation

Anesthetic ether (0.05 to 0.1 mg/kg SC) was
used to anesthetize the rats (33). Then the rats
were subjected to shaving the hair on the back
by using a razor. A 15 mm full-thickness wound
of  3X3 cm with sterile surgical scalpels was
created. The incisions were created in the dor-
sal lumbar region, 1.5 mm from the midline on
the back of rats. Finally, the rats were divided
into three separate groups as mentioned earlier.
The wounded rats of group | were considered as
controlled ones (Left untreated), group Il treated
with the best formulation F7 (mupirocin, honey,

and curcumin loaded gel), and group Il with
marketed mupirocin gel (Mupicip) applied twice
a day until the complete healing of the wound.
The wound contraction was measured every 3
days interval to determine the % of wound con-
traction. The time for wound closure was noted
when total healing occurred.

Histopathological studies

The skin specimens were collected in
10% buffered formalin (34) from rats of the 3
different groups after anesthetized. Then, 5-mi-
crometer-thick sections were sliced and stained
with hematoxylin and eosin dye for histological
examination. The Olympus photomicroscope
(400X magnification) was used to evaluate the
sliced sections in terms of collagen formation,
fibroblast proliferation, keratinization, and epi-
thelisation.

Results and Discussion
FTIR Study

To investigate the compatibility of drugs
and polymers, the pharmaceutical industry
frequently uses the potent analytical method
known as Fourier transform infrared spectros-
copy (FTIR). This method examines the interac-
tions between the drug and the polymer as well
as any modifications to the polymer’s chemical
structure that result from the drug’s inclusion.
As FTIR is a non-destructive and non-invasive
method, the chemical makeup of the materials
being examined is not changed. FTIR can also
pick up electrostatic, hydrogen bonds and van
der Waals interactions between the medication
and the polymer. These interactions may have
an impact on the mechanical and thermal char-
acteristics of the polymer as well as the stability,
solubility, and bioavailability of the medication.
FTIR spectra of mupirocin, honey and curcumin,
and all other excipients and their compositions
were considered for compatibility study shown
in Figure 1. Obtained spectra of mupirocin con-
firm that the peak position and intensity of the
peaks don'’t alter due to the addition of honey,
curcumin, and other excipients in different for-

Curcumin as nano-drug delivery in wound healing applications



Current Trends in Biotechnology and Pharmacy

890

Vol. 17(2) 885 -900, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2023.2.26

mulations. Mupirosin spectra show major peaks
3471.08, 3304.2 cm™ corresponding to OH-
stretching 2934.18, 2850.74 cm™' CH-stretching
1723.98, 1658.68 cm™ belongs to C=0 stretch-
ing 1449.73 cm™ for C-C stretching. Mupi-
rosin with honey spectra appears at 3471.08,
3310.01, cm™ corresponding to OH-stretching
2928.37, 2860.17 cm™ CH-stretching 1721.80,
1658.68 cm” belongs to C=0 stretching
1402.37 cm™ for C-C stretching. Mupirosin with
curcumin spectra appears at 3471.88, 3325.24,
cm™ corresponding to OH-stretching 2943.61,
2857.27 cm™ CH-stretching 1718.17 cm™ be-
longs to C=0 stretching 1456.26, 1408.37 cm"
for C-C stretching. FTIR spectrum of mupiro-
cin with carbopol shows at 3471.08, 3298.04
cm™ corresponding to OH-stretching 2928.37,
2844.94 cm™ CH-stretching 1718.17, 1652.88

cm™ belongs to C=0 stretching1449.23 cm"'
for C-C stretching. Mupirocin with Tween 80
shows the peak at 3471.08, 3304.20 cm™ cor-
responding to OH-stretching 2928.37, 2857.27
cm™ CH-stretching 1723.98, 1652.88 cm™ be-
longs to C=0 stretching1449.23 cm™ for C-C
stretching. Similarly, mupirocin with cholesterol
composition shows IR frequencies at 3471.08,
3301.30, cm™ corresponding to OH- stretching,
2932, 2859.45 cm' CH-stretching, 1723.98,
1647.07 cm™ belongs to C=0O stretching. The
active pharmaceutical ingredient, mupirocin,
did not interact chemically with honey, curcum-
in, or any of the other excipients, according to
an FTIR result with a minor change in the FTIR
spectrum shown in Figure 2. So, it may be con-
cluded that the active substance is compatible
and has retained its functionality.
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Figure 2: FTIR spectrum of mupirocin mixed with honey, curcumin, and excipients
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DSC study

In research on drug-polymer compat-
ibility, differential scanning calorimetry (DSC)
is a method that is frequently utilized. DSC can
detect any changes in the thermal behavior of
the polymer following the addition of the drug
since it detects the heat flow connected to ther-
mal transitions in materials, such as melting
and solidification. Insights on the compatibility
between the medicine and the polymer may be
gained by using DSC to identify changes in the
glass transition temperature, melting point, and
crystallization behavior of the polymer. DSC is
more responsive to changes in the polymer’s
thermal behavior. Changes in these parameters
can indicate the formation of new chemical en-
tities resulting from drug-polymer interactions.

Mupirocin, honey, curcumin, carbopol, tween
80, and cholesterol endothermic peaks were ob-
served at 77.78°C, 192.44°C, 172.47°C, 74.39
°C, 79.15°C, 149.09 °C respectively shown in
figure3. Figure 4 represents the DSC curve
for a mupirocin mixture with honey, curcumin,
carbopol, and other excipients. Mupirocin with
honey represents the spectra at 78.42°C, mupi-
rocin with curcumin shows spectra at 77.78 °C,
mupirocin with carbopol shows spectra at 77.73
°C, mupirocin with tween 80 shows spectra at
77.43 °C and mupirocin with cholesterol shows
spectra at 77.75°C. Obtained results show mi-
nor changes in the peak shape and width and
intensity, which should be an indication of mupi-
rocin is compatible with other excipients used in
different formulations.
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Evaluation study of Mupirocin-loaded nioso-
mal gel

The entrapment efficiency of the drug

Entrapment efficiency (EE) is a mea-
sure of the amount of drug mupirocin that is ef-
fectively trapped or encapsulated within a drug
delivery system, such as formulated niosomal
gel. It is an important parameter in drug delivery
systems, as it directly affects the drug release
rate, bioavailability, and therapeutic efficacy. A
high entrapment efficiency is desirable in drug
delivery systems, as it indicates that a greater
proportion of the drug is being delivered to the
target site while minimizing potential side effects
from the drug being released in unintended ar-
eas. A low entrapment efficiency may result in
inadequate drug delivery, lower therapeutic effi-
cacy, and increased toxicity due to higher drug
concentrations in non-target areas. Obtained
results confirm that 80% to 98% of mupirocin is
entrapped in various formulations shown in Ta-
ble 2. Cholesterol renders the niosomes impen-
etrable (35) and improves aqueous phase en-
trapment effectiveness and permeability. With
the present formulation of niosome gel (36),
nonionic surfactants also significantly improved
the drug’s ability to be entrapped.

Drug content

Drug content is an important quality
control parameter that measures the amount of
mupirocin present in a niosomal gel formulation.
The drug content of a drug product should be
within a specified range. Variations in the drug
content of a drug product can occur due to sev-
eral factors, such as variability in the manufac-
turing process, changes in the source or quality
of the API or excipients, and inadequate mixing
or blending of the drug product components.
It was observed that a high carbopol content
helps to keep more of the medicine in the nio-
somal gel. The drug concentration was obtained
between 84% and 99% shown in Table 2.

Determination of pH

The pH is an important parameter that
can affect the stability, solubility, and bioavail-
ability of a drug product. For example, certain
drugs may be unstable or insoluble at extreme
pH values, and changes in the pH of a drug for-
mulation can affect the rate of drug release and
absorption in the body. Therefore, the pH of a
drug product is carefully controlled and mon-
itored during the manufacturing process and
throughout its shelf life. According to Table 2, all
mupirocin-loaded noisome-based gel formula-
tions had a pH between 6.19 and 6.72, which is
following the skin pH.

Determination of viscosity

Viscosity is a measure of the resistance
of a fluid to flow and is a commonly important
parameter in the formulation and processing of
various drug products. The viscosity of a semi-
solid or gel-like drug formulation can affect its
spreadability and adhesion to the skin or muco-
sal surfaces. According to Table 2, the viscosity
ranged from 400 to 555 cps.

Spreadability

Spreadability is an important parameter
in the development and formulation of topical
drug products. The spreadability of a semisolid
gel formulation can affect its ease of application,
coverage area, and penetration into the skin or
mucosal surfaces. The spreadability of a semi-
solid formulation depends on various factors,
such as the viscosity, rheology, surface tension,
and particle size distribution of the formulation.
Optimization of these factors can ensure optimal
spreadability and uniformity of drug distribution
on the target surface, which can enhance the
efficacy and safety of the drug product. Table 2
shows that the Spreadability of all formulations
comprising niosomal gel loaded with mupirocin
varied from 4.36 to 5.2 g. cm/s.
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Table 2: An evaluation study of mupirocin-loaded niosomal gel

893

Entrapment - : -
Formulation efficir:ancy Dt':ngt ?02;]- pH YISCOSI- Spreacrl:lblllty

(%) y(cps) (g cmi/s)

F1 87.15+0.13 89.25+0.64 6.32+1.36 401.61+3.33 4.79+0.39
F2 93.17+0.72 84.51+0.13 6.31+0.05 400.35+2.94 4.36+0.27
F3 97.73+0.68 96.87+0.19 6.72+0.82 455.514+3.94 4.91+0.86
F4 98.24+0.75 98.82+0.91 6.77+0.36 555.74+5.93 5.2+0.91
F5 97.95+0.83 91.27+053 6.19+0.35 538.32+9.97 4.98+1.74
F6 80.03+0.86 | 98.13+0.61 | 6.52+0.17 | 510.02+11.13 4.63+0.62
F7 94.09+0.57 96.31+0.62 6.41+0.94 535.79+5.68 4.71+0.07
F8 95.61+0.53 97.61+0.75 6.71+0.91 540.84+11.76 4.8+0.74

*Results are exp ressed as of mean +SD (n=3)

SEM analysis

SEM is a powerful imaging technique
that involves scanning a beam of high-energy
electrons across a sample surface and detect-
ing the electrons that are scattered or emitted
from the surface to generate a high-resolution
image. SEM can provide detailed information
on the size, shape, and surface characteristics
of formulated mupirocin loaded niosome gel.
The SEM image of the best formulation F7 was
discovered to be a spherical shape and particle
sizes ranging from 90 nm to 120 nm. Figure 5 il-
lustrates the SEM image of the best formulation
F7, which was found to have a homogeneous
distribution of niosome sphere-shaped particles
(37).

Figure 5: SEM Image of formulation F7 (Mupi-
rocin loaded niosomal gel)

In-Vitro diffusion study

In-vitro diffusion study is a common
technique used to assess the rate and extent
of drug release from a dosage form. This tech-
nique is used to evaluate the release and dif-
fusion of drug molecules from a formulation
through a membrane. In this study prepared
niosomal gel was placed on one side of a mem-
brane and exposing it to a buffer solution on
the other side. The drug molecules then diffuse
through the membrane or tissue into the solu-
tion, and the concentration of the drug in the
solution is measured over time using UV-visible
spectroscopy. An in-vitro diffusion study was
carried out in triplicate using the diffusion medi-
um Phosphate buffer with a pH of 7.4. The per-
centage of mupirocin drug release at the end of
14 hours varied between 98% and 100% for all
niosomal gel formulations shown in Figure 6.

Formulation F1 contains a drug-poly-
mer (mupirocin-carbopol) ratio (2:1) and cur-
cumin without honey shows 98 % drug release
at 7h. Formulation F2 contains only drugs with-
out polymer, curcumin, and honey and shows
100 % drug release at 6h. Formulation F2 has
shown quick release of mupirocin due to the
absence of carbopol in the formulation but the
viscosity of honey manages the rate of release
till 6h. Formulation F3 contains a drug with an
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equal amount of polymer, curcumin, and honey
and shows 98% drug release at 8h. Formula-
tion F4 contains a drug-polymer ratio (2:3) high
concentration of carbopol and honey and a low
concentration of curcumin showing 99% drug
release at 9h. Formulation F5 contains an equal
amount of drug-polymer ratio (2:2) and a high
concentration of honey with a low concentra-
tion of curcumin shows 100% drug release at
11h. Honey shows high viscosity and is useful in
controlling the release rate of mupirocin at high
concentrations. Formulation F6 contains an
equal concentration of polymer and honey with
a low amount of curcumin showing 99% drug
release at 10h. Formulation F7 and F8 contain
equal amounts of drug-polymer ratio (2:2) with
variation in curcumin and honey showing 100%
and 99 % drug release at 14 h and 12 h respec-
tively. Formulation F7 has shown 100% drug
release at 14 h, chosen as the best formulation
among others.

The retarded release of mupirocin from
niosomal gel is due to the concentration and vis-
cosity grade of the polymer used and also due
to the addition of a nonionic surfactant in the for-
mulation. Carbopol is a water-soluble polymer
that is commonly used as a thickening agent in
pharmaceuticals, while honey is a natural prod-
uct that has been used for medicinal purposes
for centuries. Researchers confirm that carbopol
and honey were combinedly and used for con-
trolled drug release. The carbopol-honey combi-
nation can sustain the release of an active drug
with the modulation of ratio. Reports confirm that
the carbopol-honey had antibacterial properties,
which could be useful in wound healing applica-
tions. Mupirocin drug release from niosome gel,
which involves the polymer ability to form a gel
matrix and its influence on the physicochemical
properties of the niosomes. Carbopol can form a
gel matrix when it is hydrated, which can entrap
the drug and create a network that controls the
diffusion and release of drugs. Gelling property
of carbopol for topical formulations to preserve
the drug molecule for a long time and generate
a stable plasma drug concentration. The use of

carbopol in niosomal gels for drug delivery is a
promising strategy for achieving controlled drug
release, and further, enhancing the safety and
efficacy of the gel. Available reports confirm that
the non-ionic surfactant tween 80 enhances the
entrapment efficiency of the active drug in the
formulation. Due to the higher concentration
of mupirocin drug getting entrapped inside the
niosome, it helps Carbopol to sustain the drug
and provide better therapeutic efficacy. Over-
all, the combination of carbopol and honey with
non-ionic surfactant tween 80 in niosomal gel,
can control the drug release and shows antibac-
terial properties towards topical wound healing
treatment.
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Figure 6: /n-vitro dissolution of mupirocin-load-
ed niosomal gel formulations (F1-F8)

Release kinetic study of a mupirocin-loaded
niosome-based gel

A release kinetic study is used to deter-
mine the release behavior of drugs from drug
delivery systems over time. This kinetic study
provides important information about the mech-
anism of the rate of drug release behavior. Ob-
tained drug release data at different time inter-
vals fitting to mathematical models to describe
the release kinetics. The mathematical models
that can be used to describe the release kinet-
ics of drugs from drug delivery systems, include
zero-order, first-order, Higuchi, and Korsmey-
er-Peppas models. The greatest R? value was
used as the best-fit criterion for choosing the op-
timal model. The Korsmeyer-Peppas model is a
more complex model that can describe drug re-
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lease from a variety of delivery systems, includ-
ing matrix and reservoir systems, and assumes
that the release rate is controlled by both diffu-
sion and erosion. Table 3 displays the results,
the drug release followed zero-order kinetics,
independent of concentration. The illustration
data fit into Peppa’s equation, which depicted
non-fickian release,

implying diffusion release and a mix-
ture of diffusion and erosion release of the noi-
some-based gel.

Stability study

Astability study is an important parameter, which
involves evaluating the physical, chemical, and
microbiological stability of a drug product over
time under specific storage conditions. Stability
studies reveal that the drug product maintains
its quality, efficacy, and safety throughout its
shelf life, and establishes appropriate storage
and handling conditions.

To establish its self-life, formulation F7 was

Table 3: Release kinetics of mupirocin-loaded niosomal gel formulation (F1-F8)

R? Values
Korsmeyer-peppas
Formula- ) ; ) plots
R Zero-order First-or- Higuchi - -
tion lots der plots lots Diffusional
P P P R? exponent Order of
(n) release
F1 0.987 0.961 0.959 0.663 0.983 Diffusion
F2 0.958 0.824 0.956 0.641 0.972 Diffusion
F3 0.972 0.831 0.960 0.726 0.999 Diffusion
F4 0.981 0.943 0.96 0.712 0.983 Diffusion &
Erosion
F5 0.989 0.639 0.951 0.791 0.977 DIffusnf)n &
Erosion
Feé 0.991 0.724 0.947 0.787 0.89 Dgfus'_on &
rosion
F7 0.996 0.992 0.966 0.790 0.894 Diffusion &
rosion
F8 0.985 0.877 0.955 0.798 0.837 lefuspn &
Erosion

Table 4: Stability study for mupirocin-loaded niosomal gel formulation F7

Evaluated parameters
Storage | pye Spreadabil- | drug rel
condition . . . preaadapil- rug release
physical appearance pH viscosity ity profile (12h)
0 Clear and transparent | 6.41 535.794+5.68 4.71+0.07 100%
30 Clear and transparent | 6.49 535.6+5.45 4.69+0.05 98.75%
25°C/60%RH
60 Clear and transparent 6.5 534.91+£5.04 4.68+0.03 98.16%
90 Clear and transparent 6.5 534.87+5.01 4.68+0.02 97.95%
0 Clear and transparent | 6.41 535.79+5.68 4.71+0.07 100%
30 Clear and transparent | 6.46 534.91+£5.32 4.70+0.03 97.35%
40°C/75%RH
60 Clear and transparent | 6.51 534.01£5.11 4.69+0.03 96.16%
90 Clear and transparent | 6.52 533.98+4.93 4.69+0.01 95.93%

Results are expressed as of mean £SD (n=3)
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chosen for two different temperatures and re-
lated humidity for stability investigation shown
in Table 4. The chosen formulation’s ultimate
purpose is self-life. The results of a 3-month ac-
celerated stability analysis show that there have
been no appreciable changes in the physical
characteristics (consistency, morphology, and
color), pH, viscosity, or spreadability. The drug
release profile presented in Table 4 has a slight
deviation. The stability of the mupirocin-loaded
niosomal gel is confirmed by the obtained find-
ings, which demonstrate no change or a slight
deviation in formulation F7.

In vivo wound healing study on an albino
rat model

Wound healing is a complex process
that involves various cellular and molecular
events, including inflammation, angiogenesis,
and tissue remodeling. In a rat model study, the
niosomal gel loaded with mupirocin, honey, and
curcumin (Formulation F7) and marketed avail-
able mupicip medicine were applied topically
on full-thickness skin wounds considered as
group-ll and Group-Ill respectively. Group-I rats
are untreated (no application of medicine) and
considered a controlled group. Figure 7 depicts
the experimental process and the wound heal-
ing capability after each treatment. There was
no redness, exudation, infection, or suppuration
with experimental groups during the monitoring
time. All of the wounds had blood scabs on them
and were healing. Rats treated with formulation
F7 healed wounds more quickly as compared
to commercially available mupicip. On the 12th
post-operative day, the wound closure area in
group Il (99.08%) was greater than group Il
(87.34%), and group-| (80.73%). The niosomal
gel showed faster wound closure, increased
collagen synthesis, and decreased inflamma-
tion compared to the other groups.

Niosomal gel is a novel drug delivery
system that can improve the efficacy and bio-
availability of drugs by enhancing their pene-
tration into the skin layers and promoting their
sustained release. Mupirocin is an antibiotic that

inhibits bacterial protein synthesis, thereby pre-
venting bacterial infection and promoting fast-
er wound healing. Honey shows antibacterial,
anti-inflammatory, and antioxidant properties. It
enhances wound healing by promoting tissue re-
generation and reducing inflammation. The nio-
somal gel loaded with honey retard the release
rate of active ingredients into the wound, which
can enhance its therapeutic effect and promote
faster wound healing. Curcumin is a polyphenol
compound with potent anti-inflammatory and
antioxidant properties. It helps in reducing in-
flammation, promoting tissue regeneration, and
increasing collagen synthesis. The niosomal gel
loaded with curcumin can enhance its bioavail-
ability and provide better wound-healing proper-
ties.
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Figure 7: Images represent wound repair on
excision wound model days 0-12.

The use of niosomal gel loaded with
mupirocin, honey, and curcumin may provide a
novel and effective approach to the treatment of
skin wounds in animal models. Overall, the nio-
somal gel (formulation F7) can promote faster
wound healing by preventing bacterial infection,
reducing inflammation, endorsing tissue regen-
eration, and increasing collagen synthesis.

Histopathological study

In the case of niosomal gel loaded with
mupirocin, honey, and curcumin on a rat mod-
el, a histopathological examination can provide
insights into the mechanism of action and safe-
ty of the treatment. The examination showed a
significant increase in the number of fibroblasts,
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which are cells responsible for producing colla-
gen, the primary component of the extracellular
matrix in wounds. Figure F8 represent the histo-
pathological study of group-I, group Il, and group
[l where (a) Rearrangement of intact epidermis/
epithelial cells; (b) Well-developed blood ves-
sel, more organized collagen fibers, formation
of mononuclear cells, neovascularisation, and
hair follicle growth; and (c) Hair follicle develop-
ment. Re-epithelization and remodeling of epi-
thelial cells. (d) Maximum number of fibroblasts
and newly-formed blood vessels, angiogenesis
(H & E photograph captured with an Olympus
photomicroscope at 400X magnification)

Group-I

Group-IIl

Figure 8: Histopathological photomicrographs
of wounded tissue of rats on day 12

Histological examination of the lesion
areas of the treated groups confirmed an in-
crease in cellular infiltration, angiogenesis, fi-
broblast depositions, and collagen depositions.
Due to the chemotactic effect of the niosomal
gel (Formulation F7) in group Il, the mecha-
nisms of topical action on the lesion site may
have attracted inflammatory cells. Further mito-
genic activity may have increased cellular pro-
liferation and contribute substantially to wound
healing. On the 12" day, group Il exhibited sig-
nificantly smaller wound areas than group | &lll.

This finding indicates that the niosomal
gel may promote tissue regeneration and faster
wound healing. Moreover, there was a signifi-
cant decrease in the number of inflammatory
cells, such as neutrophils and macrophages, in
the wound site of the rats treated with the nioso-
mal gel. This finding indicates that the niosomal
gel may have anti-inflammatory effects, which

can promote faster wound healing by reducing
inflammation and preventing the formation of
chronic wounds. The histopathological exam-
ination also showed that the use of the niosomal
gel did not cause any significant adverse effects
or tissue damage. This finding indicates that the
niosomal gel is safe and well-tolerated in the rat
model.

Conclusion

Treatment of wound healing problems
depends on the severity of the wound and its
treatment procedure such as the application of
antibiotics to treat infection, surgical debride-
ment to remove dead tissue, wound dressings
to promote healing, and lifestyle changes such
as improved nutrition and exercise. In some
cases, advanced wound care techniques such
as nano drug delivery or growth factor therapy
may be necessary to promote wound healing.
In conclusion, the combination of mupirocin with
honey and curcumin in a niosomal gel has the
potential to provide a novel approach to wound
healing treatment. Niosomes may serve as an
effective drug delivery vehicle because it helps
in controlling rapid drug release, targeted drug
release and improve penetration. The combi-
nation has been shown to provide a synergistic
effect in promoting wound healing, due to the
antibacterial and anti-inflammatory properties
of these compounds. Compatibility studies be-
tween drug, polymer, and other excipients, con-
firm by FTIR and DSC studies. Obtained results
reveal entrapment efficiency, drug content, pH,
viscosity, spreadability, and in vitro diffusion
studies within the limit of IP. Formulation F7 is
considered the best formulation. SEM analysis
confirms the spherical shape of particles in the
range of 90-120 nm. Kinetic studies depicted
non-fickian release, implying diffusion release
and a mixture of diffusion and erosion release
of the noisome-based gel. The stability study
confirms that obtained niosomal gel is stable
with minor deviation. The niosomal gel formu-
lation F7 healed wounds more quickly as com-
pared to commercially available mupirocin gel.
On the 12th post-operative day, the wound clo-
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sure area in group Il (99.08%) was greater than
group Il (87.34%), and group-l (80.73%). The
histopathological examination for formulation
F7 showed increased fibroblast activity and de-
creased inflammation, indicating that the nioso-
mal gel can promote faster wound healing with-
out causing significant tissue damage and has
shown superior therapeutic options compared
to conventional dose forms.
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Abstract

The current study was focused to eval-
uate the hypoglycemic and hypolipidemic effect
of methanolic extracts of Oligomeris linifolia
in Alloxan-induced diabetic mice. Albino mice
were orally treated for 15 days with methanolic
extract of Oligomeris linifolia at dose of 200 mg/
kg body-weight. The antidiabetic effect was an-
alyzed by measuring blood glucose (BG) at 0,
3, 6,9, 12, and 15 days. Total cholesterol (TC),
high density lipoprotein cholesterol (HDL-C),
low density lipoprotein cholesterol (LDL-C),
Serum Bilirubin (SBR), Alkaline Phosphatase
(ALP), Alanine Aminotransferase (ALT), Urea,
Creatinine, and triglycerides (TG) levels at sac-
rifice (day 16) were measured. Glibenclamide
(10 mg/kg) was used as standard. Alloxan-in-
duced diabetic mice showed adequate to sig-
nificant increase in the level of BG, TC, TG,
LDL-C, SBR, ALT, ALP, Urea, Creatinine, while
HDL-C and body-weight were decreased as
compared to control group (non-diabetic mice).
Administration of plant methanolic extract to
Alloxan-induced dabetic mice at a dose of 200
mg/kg body-weight resulted in a notable de-
crease in BG, TC, TG, LDL-C, SBR, ALT, ALP,
Urea and Creatinine whereas HDL-C level and
body-weight were increased markedly after 15
days as compared to diabetic control group.

The methanolic extract at the dose of 200 mg/
kg, produced similar results compared to group
treated with Glibenclamide.

Keywords: Oligomeris linifolia, White Albino
mice, Antidiabetic activity, Lipid profile

Introduction

Natural source is one of the major hub
for medicinal analogue [1]. Diabetes Mellitus is
the most common metabolic and chronic dis-
order indicated by rise in blood glucose level
due to relative or complete insulin deficiency
[2]. In the long term the disease is associated
with various complications including renal, eyes,
neurological and cardiovascular disorders [3].
Diabetes Mellitus has symptoms such as ex-
cess urination, fatigue, glycosuria (increased
urine glucose level), blurry vision, and delayed
wound healing [4]. One of the impairments of
the immune system is destruction of the B-cells
of pancreas within Islets of Langerhans and
therefore development of insulin-dependent di-
abetes. Immune system is affected by several
environmental and genetic factors which lead to
the attack of lymphocytes, causing pancreatitis.
This inflammatory reaction leads to insulitis and
diabetes [5, 6] and without proper treatment,
vascular, cardiac, neurological, renal damage
and neuropathy can occur. Diabetes Mellitus is
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mostly controlled with Treatment of diabetes in-
cludes healthy diet, regular exercise, and med-
ication [7]. The primary major treatment is the
use of anti-diabetogenic drugs, but side effects
of these drugs limits their use [8]. Due to lesser
side effects, there is a long history of medici-
nal plants usage and nowadays, they are being
widely used to treat various diseases [9].

Plant Oligomeris linifolia Vahl belongs
to family Resedaceae which contains 107 spe-
cies with 8 to 12 genera [10]. Physically O. lini-
folia is like chubby having low height around 50
centimeters with many rigged stems. The leaves
size is about 45 mm in length and with 0.52 mm
width [11]. It is mostly present in Southeast Asia,
Middle East, North America, North Africa and
south of Europe [12]. The literature data has
revealed that this plant has exhibited various
pharmacological activities including antioxidant,
antifungal and antibacterial activities [13]. The
current study was undertaken to investigate the
hypoglycemic effect of methanolic extract of O.
linifolia in a non-obese diabetes model.

Experimental design collection and Identifi-
cation

The plant was collected in flowering
season from various regions of Bannu District,
Khyber Pakhtunkhwa, Pakistan. Plant speci-
men was identified by Dr. Faizan Ullah, Asoci-
ate Professor, Department of Botany, Univeity
of Science and Technology, Bannu.

Extraction

Plant was initially rinsed through tap
water and then with distilled water. The plant
was then dried under shade. The shade dried
plant material (1.5 kg) was chopped and soaked
in 80% aqu. methanol for one week and was
filtered by using filter paper. After filtration, ro-
tary evaporator was utilized for evaporation of
methanol to obtain crude plant extract [14].

Animals

In current research, White Albino mice
(age 3-4 weeks, weighed 20-22 g with a mean

of 21 g) were used. The mice were purchased
from National Institute of Health Sciences, Is-
lamabad, Pakistan. The “White albino mice”
were placed in controlled conditions i.e., tem-
perature 25C°-27 C° with 12hr darkness pho-
toperiod with rodent-pellets as feed along with
water. The Internationally accepted standard
ethical guidelines for laboratory animal use and
care were adopted in the experiment [14].

Induction of Hyperglycemia

In current study, the investigational
mice were abstained from eating for 8-12 hrs,
however, there was no restriction on water to
drink. “Hyperglycemia” was induced experimen-
tally by a single intraperitoneal dose of 150 mg/
kg body weight of freshly prepared alloxan10%
monohydrate obtained from Department of Bio-
technology, University of Science and Technol-
ogy, Bannu. After 48 hrs, blood glucose level of
the animals was checked by using glucometer.
Mice with blood glucose level of 200mg/dl and
above were used for further investigation.

Experimental Design

The experimental models were divided
randomly into four groups, each group with five
mice (both sex). Group 1 consisted of normal
mice orally directed with 0.1 ml “normal saline”;
Group 2 consisted of alloxan induced diabetic
mice orally managed with 0.1 ml normal “saline;
Group 3 consisted of alloxan treated mice orally
managed with 10 mg/kg “Glibenclamide”. Group
4 comprised of “alloxan-induced diabetic-mice”
(150 mg/kg) orally administered with plant ex-
tract of 200 mg/kg body-weight. The investiga-
tion was carried out for 15 days. Glycaemia and
body weights were measured at an interval of 3
days for 15 days. After one day of last treatment
(day 16), all the groups of mice were sacrificed
by cervical dislocation. Blood was collected for
measuring total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C), low density li-
poprotein cholesterol (LDL-C), Serum bilirubin
(SBR), Alkaline Phosphatase (ALP), Alanine
Aminotransferase (ALT), Urea, Creatinine, and
triglycerides (TG) levels by using commercial
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kits INMESCO (Germany).

Statistical analysis

The reported data statistically analyzed
by ANOVA. The lipid profile parameters were
analyzed using one-way ANOVA wile for blood
glucose determination two ways ANOVA was
used.

Results and Discussion

Effects of oligomeris linifolia on Body Weight
and lipid profile

In current investigation it was observed
that alloxan substantially reduced body-weight
of mice-as compared to control group, mea-
sured at an interval of 3 days for 15 days. Ad-
ministration of doses of plant Oligomeris linifolia
extract rescue remarkably in the body-weight.
The plant species O.linifolia reduces adverse
effects on body weight when supplemented at
200 mg/kg body weight as compared to Gliben-
clamide.The diabetic condition in mice (untreat-
ed diabetics) raised TC, LDL-C and TG concen-
trations while, the HDL-C level were lower as
compared to control mice (nondiabetic mice).
As shown in table 1, the elevated level of TC,
LDL-C and TG recovered significantly. Howev-
er, the decrease in HDL level was also restored
by effective doses of O. linifolia extract.

Effects of oligomeris linifolia on blood glu-
cose

Table 2 shows the effects of methanolic ex-
tract of O. linifolia on blood glucose levels of
White Albino mice after 15 days of continuous
treatment. Significant and continuous reduc-
tion of blood glucose level was observed in
alloxan-treated mice groups after 15 days of
the treatment. Groups of mice treated with O.
linifolia and glibenclamide exhibited significant
decrease in blood glucose level as compared to
diabetic control, measured at 0""day to 15" day
of the experiment.

Alloxan is a toxic glucose analogue that
preferentially accumulates in pancreatic beta
cells via the GLUT2 glucose transporter. Allox-
an selectively inhibits glucose-induced insulin
secretion through specific inhibition of glucoki-
nase, and causes a state of insulin-dependent
diabetes through its ability to induce ROS for-
mation, resulting in the selective necrosis of
beta cells. [15]. Alloxan produces oxygen radi-
cals in the body, which cause pancreatic injury
and could be responsible for increased blood
sugar as well as lipid peroxidation. In diabetic
mice treated with O. linifolia extract, a significant
decrease in blood glucose level was observed
as compared to respective baseline values (day
0). It could be believed that this plant with this

Table 1: Effects of Oligomeris linifolia on body weight, lipid profile on Alloxan-induced diabetic mice

Body weight(g) Lipid profile(mg/dI)
9% Vari-

Groups Initial | Final /‘;t\l/:: TC DLC | HDLC 16 ALT SBR ALP Urea | Creatinine
22:32: 2110.2a | 25¢04a | 0.0016 | 100£0.6 | 80:031a | 32t015a | 200 £0.447 | 23+0.02a | 0.55:0.08a | 223:0.04 | 40£0.004a | 0.40£0.002a
Diabetic Con-
trol (Untreated | 20£0.19b | 16£0.31b | -0.0025 | 163£0.63b | 110£0.24b | 20:031b | 235:0.31b | 98+031b | 0.67£0.002b | 283£0.06b | 440.07b | 0.56£0.003b
Diabetic)

Diabetic +
Glibenclamide | 19:0.2c | 21£0.44c | 0.0009 | 118+0.24¢ | 732020c | 46£0.21c | 153:0.002¢ | 59:0.06c | 0.800.04c | 371+0.08c | 43£0.020c | 0.47+0.004c
(10 mglkg)

Diabetic +

é\il( frt:;n(%l(l)% 19:0.15¢ | 2120.32c | 0.0009 | 116+0.63d | 75£0.22c | 45+0.20c | 14410.002d | 2640.04d | 0.53+0.002c | 259£0.05¢ | 38+0.019¢ | 0.40+0.005¢
mglkg)
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Table 2: Effects of Oligomeris linifolia on blood glucose in Alloxan-induced diabetic mice

Fasting blood glucose level (mg/dl)
Groups Day of treatment
Initial Day 0 Day 3 Day 6 Day 9 Day 12 Day 15

{‘r‘g{ma' Con-1 1354311 | 138£1.91 | 140£3.6 | 147+2.11 | 145+2.14 | 140£3.23 | 130£2.56
Diabetic Con-

trol (Untreat-| 129 +2.78 | 210+2.89 | 243+3.12 | 2504£2.13 | 275+3.75 | 280+£3.65 | 290+4.13
ed Diabetic)

Diabet-

g;midshben_ 128 £1.89 | 2104+2. 89 | 197+2.12 | 180+£1.96 | 150+2.89 | 140+3.14 | 129+2.87
(10 mg/kg)

Diabetic+

Methanolic 115+4.21
Extract (200 130 +2.02 |210 £2. 89| 190+2.9 | 175+4.12 | 140+3.11 | 12+0.91

mg/kg)

txstandard error.
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Abstract

The traditional de novo drug discovery
is time consuming, costly and in some instances
the drugs will fail to treat the disease which
result in a huge loss to the organization. Drug
repurposing is an alternative drug discovery
process to overcome the limitations of the De
novo drug discovery process. lthelps for the
identification of drugs to the rare diseases as
well as in the pandemic situationwithin short
span of time in a cost-effective way. The
underlying principle of drug repurposing is
that most of the drugs identified on a primary
purpose have shown to treat other diseases
also. One such example is Tocilizumab is
primarily used for rheumatoid arthritis and it is
repurposed to treat cancer and COVID-19. At
present, nearly30 % of the FDA approved drugs
to treat various diseases are repurposed drugs.
The drug repurposing is either drug-centric or
disease centric and can be studied by using
both experimental and in silico studies. The in
silico repurpose drug discovery process is more
efficient as it screens thousands of compounds
from the diverse libraries within few days by
various computational methods like Virtual
screening, Docking, MD simulations,Machine
Learning, Artificial Intelligence, Genome Wide
Association Studies (GWAS), etc. with certain
limitations.These limitationscan be addressed by

effective integration of advanced technologies
to identify a novel multi-purpose drug.

Keywords: Drug repurposing, Screening,
Drug-centric, Disease-centric, FDA, Pandemic,
GWAS, Machine Learning, Artificial Intelligence

Introduction

De novo drug discovery method is the
traditional drug discovery process which is
tedious, time-consuming and expensive with
high attrition values. In De novo drug discovery
process of new drug identification, testing drug
safety, efficacy and toxicity studies costs up to
2.6 billion dollars and it takes nearly 15 years for
its approval from the screening to final approval
of a drug candidate (1). Most traditional drugs
were not approved or withdrawn because of
the toxicity profile, adverse effects (especially
hepatotoxicity) and limited financial support (2).
The failure of a drug not only results in financial
loss butalso it costsboth the individual health and
life in some cases.Besides, it is difficult to find
drugs by traditional methods for the pandemics
like COVID-19 as it is a phase beyond the
containment (3).Hence, there is need to study
in detailed about this complex process i.e. drug
mechanism of action on humans at gene level
by employing various novel strategies.

Most of the pharma companies will invest only
in the specific diseases which have the scope

Technological advances in alternate drug discovery
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to generate more revenue and hence their
treatments are expensive. There are various
other rare diseases, where pharma companies
would refrain themselves to focus because of
low populations. Hence, to meet the unmet
medical needsof rare diseases, the researchers
have adopted many novel alternate optimization
approaches for the discovery of new drugs or
drug candidates and found promising results
in the identification of multipurpose application
of various drugs. Of the different methods
adopted by the pharmaceutical companies,
the most revolutionized alternate technology is
drug repurposing which works on the multiple
usage of the drugs that are approved or still
under clinical trials(4). The repurposing drug
discovery is more efficient because of the
existing data (toxicology and pharmacology) of
the drugs which are already approved or still in
the clinical trials phase. It was reported in the
literature that, 30% of the existing FDA approved
drugs are the repurposed drugs accounting
for 25% of the global pharmaceutical market
revenue (5). Hence, to overcome the tedious
traditional process many applications based
on bioinformaticswere developed to screen
thousands of the drugs within less time. The time
instance for both the De novo drug discovery
and drug repurposing is as shown in the below
Figure 1.

Basic study to
experimental studies —=———p
(Invitro & In vivo)

(4-8 years)

De novo Drug Discovery

Clinical Studies
(5-7 years)

FDA Approval
(1-2 years)

Drug Repurposing

Figure 1. Overview of De novo drug discovery
and Drug Repurposing

The in vitro and in vivo repurposing
studies takes longer times and it is difficult
to screenthousands of compounds at an

instance. This can be met by the application of
computational repurposing methods which can
screen thousands of compounds, either based
on the disease pathways or gene expression
profiles within the less time as it accounts the
available research data for screening drug
candidates(6).

In addition to drug discovery the
computational methods will be helpful in
predicting the market value with in less time,if
in case the drug fails or gets success by
using the existing data.This lays the basis for
the computational drug repurposing to study
multiple applicationsin pharmaceutical industry.
Hence, it is a potential breakthrough in the
drug discovery process of identifying multiple
applications for the same drug. Besides, there
is need for the identification of drugs having
multi disease potential by various computational
studies as they require only 2D/3D structures of
the targets before it is studied in experiments.
The computational tools will help to build 3D
structures of the target by using modelling
techniques. The interactive effect between the
target and the drug can be studied by docking
and Molecular Dynamics (MD) and Simulations
studies (7). Hence, it is important and will be
advantageous to screen the drugs with multiple
targets to achievesuccess.

Many reports were published about the
application of the drug repurposing for the FDA
approved drugs and other clinical drugs. This
willminimizeboth time and cost of production.
In addition to FDA approved and other clinical
trials, many researchers are working on the
application of the enzymes as alternative
medication to minimise the side effects of the
chemically synthesised drugs (8-10). So many
enzymes as drugs such as L-Asparaginase,
L-Glutaminase are currently in use to treat
cancer (11-12). Hence many recent technologies
based on the Bioinformatics, Cheminformatics,
Artificial Intelligence andSystems Biology are
being implemented by the researchers across
the world to find the multipurpose application
of the drugs to treat various diseases (13).
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Many examples of the successful application
of the repurposed drug as an anticancer, anti-
malarial, antibiotic etc. are currently in use
(14). The present review will discuss about
the principles of drug repurposing, associated
methodological strategies,available databases,
applications, challenges and recommended
solutions to improve effective integration of drug
repurposing in pharmaceutical industry.

Principle of Drug Repurposing

Drug repurposing has  gained
momentum and leveraged by the pharmaceutical
companies to improve the drug efficiency and its
development (15).The principles on which the
drug repurposing is based are: 1. Many drugs
have cryptic biological activities with observed
side effects-Multiple targets for the same
drug. 2. Many diseases share same molecular
pathways or genetic factors -Disease similarity.
3. Pleiotropic effects of the target based on their
molecular function.

The alternate drug repurposing strategies were
successfulinidentification of various repurposing

drugs in the treatment of diseases like cancer,
Cardio Vascular Diseases (CVD), arthritis,
COVID-19, etc. by the application of advanced
computational studies to find the multiple use
of the same drug for various diseases. Table 1
demonstrates the reported applications of drugs
for what disease treatment they are synthesized
and their repurpose application to treat other
diseases. The overview of drug repurposing
was shown in the below Figure 2.

The most demonstrated example of the
repurposed drug discovery process is Sildenafil
(Viagra) which is developed for the treatment of
hypertension but its repurposed application is
for erectile dysfunction and pulmonary arterial
hypertension (16).

The advantages of using drug as a
repurposing which in clinical trials not only cut
down the time, cost but also associated risks
which makes drug repurposing as an attractive
alternate drug discovery process.

Databases

Profiler (DTP), IDAAPM, 2.
PharmacoDB, DisGeNet, Drug bank,

) Method Applications
DepMap, cBioPortal, Probes&Drugs ethods . 1. Rare disease drug
portal, DrugComb, Drug Taget 1. Experimental Repurposing discovery
Commons (DTC), Drug Target methods 2. Pandemic situation

In Silico methods

3. Combination Therapy

ChEMBL, DGIdb ,RDBDand many

Advantages
1.Less Time, cost and manpower
2 Known drug properties

Types:

knowledge-based repurposing-
target based, pathway based target
mechanism based, signature based,

Drug
Repurposing

Principle

1. Same drug having multiple
applications

2. Disease Similarities

3. Pleiotropic effects based on
similar molecular function

Barriers

1. Fails the new indication
2. Dosage criteria

3. Limited Investments

4

phenotype based repurposing.

In silico Methods

. Existing Incentives

Artificial Intelligence and

Examples:
Sildenafil, Itraconazole,
Saracatinib, Remdesiver etc.

Machine learning

Virtual screening, docking
Molecular Dynamics and
Simulations

GWAS

Figure 2. Overview of Drug Repurposing

Computational Tools
Hex, Gromacs,
Swissprot,Autodock, vina,
Nffinder etc.
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Table 1: Drugs their primary purpose and Repurpose treatment
S.No Drug Purpose Repurpose
1 Sildenafil Hypertension & Angina Erectile Dysfunction
2 Itraconazole Anti-Fungal Lung and Prostate Cancer
3 Saracatinib Failed Anti-Cancer Alzheimer’s Disease
4 Remdesivir Ebola COVID-19
5 [Toremifene Breast Cancer COVID-19
6 Hydroxychloroquine IAntimalarial Drug COVID-19
7 Bupropion Depression Smoking Cessation
8 Thalidomide Morning Sickness Multiple Myeloma
9 Chlorpromazine Antimalarial Drug Cancer
10 Aspirin /Analgesic CVD and Cancer
11 Statins Lipid Disorders Cancer and COVID-19
12 Metformin Type-2 Diabetes Cancer
13 Raloxifene Osteoporosis Breast Cancer
14 Cardiac glycosides Cardiac Conditions Cancers
15 Chlorpromazine Schizophrenia Prostate Cancer
16 Penfluridol Schizophrenia Cancer
17 Fluspirilene Schizophrenia Cancer
18 Artemisinins lAntimalarial Drug Cancer
19 DHA IAntimalarial Drug Leukemia
20 Mebendazole Parasitic Infections Cancer
21 Itraconazole Anti-Fungal IAngiogenesis & Lung Cancer
22 Ritonavir HIV Breast Cancer
23 Nelfinavir HIV Multiple Myeloma Cells
24 Doxycycline IAngiogenesis Inhibition Cancer And COVID-19
25 Leflunomide Rheumatoid Arthritis Cancer
26 Auranofin Arthritis Cancers
27 Thalidomide Sedative Cancers
29 Favipiravir Flu COVID-19
40 Darunavir HIV COVID-19
41 Arbidol Influenza COVID-19
42 Tocilizumab Rheumatoid Arthritis Cancer and COVID-19
43 Nafamostat IAnti-Coagulant COVID-19
Drug Repurposing Strategies and Methods based, signature based andphenotype-

Drug repurposing can be done in
two ways-experimental or computational (/n
silico drug repurposing - disease centric or
drug centric). There are different types of
drug repurposing strategies i.e. knowledge-
based repurposing- target based, diseased-
based, pathway-based target mechanism

based repurposing (17).The technological
advancements will help to employ classification
and segmentation algorithms for early disease
diagnosis (18).

Technological applications for drug repurposing
include Atrtificial Intelligence, Machine learning
and Computational methods.

Madhuri et al



Current Trends in Biotechnology and Pharmacy

911

Vol. 17(2) 907 - 917, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2023.2.28

Artificial intelligence

Zhou etal. (2020) has employed
Artificial Intelligence (Al) combined with the
network intelligence for the precision medicine
discovery and development which is based
on the hidden patterns based on the existing
biomedical data (19). Denovo drug discovery
helps to find the efficacy of the existing drugs by
minimizing their side effects and it was stated by
Sir James Black that they start with the basis of
the old drug for the discovery of new drugs (20).
The technique of drug repurposing is the most
promising solution for the emergency pandemic
like COVID-19. In the case of COVID-19, for the
identification of it repurpose drugs the Al and
network approaches are less effective due to
the limited data available about the organism
and which makes us understand how the
basic knowledge is useful for the biomedicine
research in the identification of the drugs (17).

Machine learning

It is of prime importance in the
pharmaceutical industry to study the drugs
mechanism of action, pharmacokinetic and
pharmacodynamic properties.The other
application of the Machine Learning algorithmsis
on the radiographic images analysis for accurate
disease diagnosis based on the features
selection (21). Machine learning algorithms
can be employed to get better insights to mine
the drugproperties and activity in both time
and cost-effective manner.Each characteristic
of the drugs can be assumed as molecular
fingerprints and the application of neural
networks will help to understand the features
in an effective manner. Yang et.al. (2022) has
employed machine leaning methods to employ
Chinese traditional medical therapy as one of
the drug repurposing approach in the treatment
of COVID-19 (21). Many other machine
learning algorithms such as UG-RNN (Update
gGteRecurrent Neural Network) and GCN
(Graph Convolution Network). Some are using
deep-learning algorithms for the identification
of both chemical and physical structures of the
compounds while some are using reinforcement

algorithms for the identification of small molecule
inhibitors against COVID-19 (22, 23). The
studies of Yang et.al., (2022) are in agreement
with the various studies,concluding that the
application of machine learning algorithms has
provided insight of traditional Chinese medicine
application for COVID- 19 treatment. Various
network-based models can be integrated to
employ text-based mining as wells structure-
based mining studies in the small molecule
identification. The application of the machine
learning algorithms for drug repurposing studies
was shown in the below Figure 3.

R

0 =
- 0 ) >

Validation n
=

Validationof Algorithms

i

Decp-Leaming

Data from datbascs Algoithms

Applications

Figure 3. Application of Machine learning for
Drug repurposing

Computational methods

The repurposing of the drugs has
started long back and the applications of
the computational approaches has gained
importance. The computational methods were
classified into target-based, knowledge-based,
signature-based, network-based, phenotype-
based repurposing and targeted mechanisms
(6). Computational repurposing is also known
as in silico drug repurposing. It was reported by
Sanseau& Koehler (2011)that the computation
repurposing can be either based on the disease
(studying the associated drugs based on their
properties) or targets (based on the compound’s
protein interactions based on the structural
similarity of chemical entities and their binding
sites- High -throughput screening of drugs for
prediction of new indications (24).

The MER-SuMo approach was
developed by the Moriaud et.al. for the
identification of the new proteins based on the
known compound off-target interactions. Cote
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et.al. developed The Rare Disease Repurposing
Database (RDBD) which constitutes the list
of 200 repurposed drugs that can be used for
treating the rare diseases complex and chronic
diseases where the treatment is limited (24).

Farha & Brown (2020) worked on the
repurposing of antimicrobial drugs, because the
resistance towards the existing drugs is one of
the potential threats across the worldaccounting
for nearly 700000 deaths annually because
of associated infectious diseases (malaria,
pneumonia, Ebola etc.) and their number
increases in the proceeding’s years (15).

Virtual screening,docking and molecular
dynamic and simulation studies are the other
computational studies which were studied for
screening of the compounds. It was understood
that some of the drugs act on the causative
agents like virus and bacteria whereas, some
drugs act on the host by providing the immunity
(25).

Genome wide association studies (GWAS)

The usage of GWAS for the new drug
identification for complex diseases is based
on the gene loci targets and the associated
pathways. GWAS studies is the most common
variants of the population. The data is collected
by integrating omics data sets with the genes
which are interconnected by various biological
networks (26). Different ways of employing
GWAS was summarised below:

By either mapping the genome for loci
identification

IL-23 was identified as the repurposing
candidate in treating Crohn’s disease and the
identified repurposed drug candidates are
Ustekinumab and Risankizumab by Single
Nucleotide Polymorphism (SNP) (27). The
initiation of the SNP approach is its limited by
size of the study.

Transcriptomic imputation

The transcriptomic repurposing of the
GWAS study is based on mRNA expression,
protein abundance and epigenetic modifications
and can be analysed based on TWAS Z

score (28).The limitation associated with
transcriptomic imputation is trait-associated
expression changes.

Gene-set association

Gene set association repurposing is
based on the genes associated with various
biological networks and it was reported that
bipolar disorder and the insulin secretion
pathways are associated with each other.
The other GWAS methods are mandolin
randomization. Poly-genie scoring- helps for the
heterogeneity of the individual disorders and
their targets.

The software which is integrating the
GWAS is the Open Targets Genetics resource
which predicts variant genes. GREP framework-
gent set association based on the GWAS
functional loci and pathways. The DrugTargetor
platform, for the identification of gene variants
and matching drugs uses various drug repository
databases like Drug Bank, DGIdb- drug gene
interaction database (29). The Overview of
GWAS association in repurpose drug discovery
was shown in Figure4.

GWAS association in Drug
Repurposing

Online tools gene prediction:
. Open targets Genetics resource
. GREP-Genome for
REPositioning drugs
. Trans-Phar
. FUSION
. MAGMA
. TwoSampleMR

Gene/target identification :

1. Pharmacologically modulated
. Transcriptome-wide association
. Gene-set association

2
2}
4. Mendelian randomization
5. Polygenic scoring

Online tools drug prediction:

1. DrugBank

2. ChEMBL bioactivity database

3. DGIdb- Drug-Gene Interaction
Database

Figure 4. GWAS association in Drug repurposing

Databases Associated with Repurpose Drug
Discovery

Many databases are available on
the internet which constitutes the information
associated with the pathways, diseases, some
contain the drugs and other properties, some
containtheinformation only aboutthe repurposed

Madhuri et al



Current Trends in Biotechnology and Pharmacy

913

Vol. 17(2) 907 - 917, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2023.2.28

drugs, some contain the information of the
gene targets (30). Most of the pharmaceutical
companies have their own databases where
they keep the drug data information secularly

and in most cases this data will not be shared to
the public because of various market associated
risks. Some of the databases available are
shown in the below Table 2.

Table 2. Databases and associated storage information

Database

Information

DepMap

Cancer data

cBioPortal

Cancers genomics data

Probes&Drugs portal

Bioactive compounds

DrugComb

Cancer data portal

Drug Target Commons (DTC)

Compound-target interaction profiles

IDAAPM FDA approved drugs

PharmacoDB Pharmacogenomic studies

DisGeNet Gene database

Drug Bank Molecular information about drugs
ChEMBL Chemical database of bioactive molecules
DGldb Drug-gene interactions

Validation of the repurposing willbe done by
using Computational methods-AUROC values,
target based using PubMed, Clinical Trials/
EHRs and experimental-(in vivo and in vitro
validation).

For a better efficient repurposing
drug development there is need for the
better integration of data sources, genomic,
biomedical and pharmacological data and this
has gained importance because of personalized
and precision medicine which accounts for
heterogeneity and complexity to minimize drug
toxicity (31).

Applications of the Drug repurposing

The Applications of the repurpose drug
discovery is advantageous. It helps for

Rare disease drug identification

For the identification of the drug
candidates to a specific disease which is rare
and is less commonly observed among the
individuals.Most of the pharma companies will
not worry about the rare diseases because of
the limited market.

Uncommon pandemic situations

Sudden pandemic situations like
COVID-19, as there is no previous knowledge
about the disease and there is an utmost
concern as most of the people are dying and
there is no time to conduct the clinical trial.
Hence, the only available option is the drug
repurposing by the insilico methods due to the
limited time constraint and finding the repurpose
of the existing drugs either individually or in
combinations.

To overcome the adverse effects of the
monotherapy by working on the combination
therapytreatments(31).

Challenges of Drug Repurposing

Each and every drug discovery process
will encounter challenges at any one stage or
sometimes at all the stages of the drug discovery
(32). Some of the reported challenges of the
drug repurposing are:

Dosage limitations of the repurposed drug

The drug dosage can be similar to
the original dosage or in some non-antibiotics
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where the dosage is more than the antibiotic
drug is causing adverse toxicity effects (ex:
Anti-microbial compounds). Sometimes the
repurposed drug may fail in demonstrating the
new indication and the differences in the new
benefit of the drug will affect the market.

Effect of pharmacokinetic properties

The pharmacokinetic profiles of the
original drugs may affect the repurposed activity
leading to impaired antimicrobial properties.

Need for clinical trial

Sometimes clinical trials need to be
conducted to prove the efficacy of the approved
drug.In some cases, the previous data cannot
be considered for the regulatory approval of
the repurposed drug and repetitive experiments
may increase the cost of the drug and lack of
efficient funding for the repurposed drug studies.
Sometimes the results are not reliable because
of data sensitivity to datasets from the previous
studies.

Limited investments and Existing incentives

Breckenridge & Jacob (2019), have
studied the legal and the regulatory barriers
in the drug repurposing. Patents (protection of
new drugs into the market) and the regulatory
data exclusivity (prevents the usage of data for
the purpose of generic applications) are the two
intellectual property rights which are involved in
the protection of the drug from the competition.
The intellectual properties of the repurposed
generic drugs will differ which limits the data of
the drug for further studies (33).

Possible solutions to overcome the legal
and regulatory barriers

The possible solution for the drug
repurposing is:

The possible solution is to produce
all the data information in the prescription and
ensure the reimbursement which will allow the
stakeholder to ensure the knowledge about
the differentiation between the patented and
unpatented drugs. Second medical use of the
drug- if the company is ready to provide the

original data of the drug. Bypass exclusivity
related incentives and provide incentives for the
new drug developments for rare diseases.

Conclusion

Drug repurposing is one of the best
alternative drug discovery processes and this
has been proved from the literature studies in the
pandemic situation for the identification of drugs
to COVID-19. It was not only COVID-19, but drug
repurposing studies have been performed on
other diseases like cancer, Alzheimer’s disease,
Cardiovascular diseases and many others. Still,
there is need to study in detail about various
drugs to treat multiple diseases with in less
time in an economical manner with high efficacy
by integration of various genomic, proteomic,
pathway data by using various computational
tools.
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Abstract

The unmet treatment challenges such
as intolerable adverse effects, massive immune
suppression, and severe healthy tissue/organ
toxicity with unaffordable treatment costs asso-
ciated with conventional anticancer drug therapy
have led to the exploration of complementary/
alternative strategies to control the out bursting
cases of cancer. In this context, plant-derived
bioactive components have been increasingly
popular as effective therapeutic options for the
treatment of cancer. Phyto bioactive compo-
nents (PBCs) derived from Piper betel have
been shown to possess useful immune-modu-
latory, antioxidant, anti-inflammatory properties
both in vitro and in vivo. At present, a large vol-
ume of pre-clinical studies have documented the
beneficial effects of Piper betel-derived PBCs in
various cancer therapy, either alone or in combi-
nation with established chemo drugs. The pres-
ent review aims to provide a comprehensive
research data on the therapeutic effectiveness
of PBCs of Piper betel against various cancers
to establish its druggability. The review would
be useful to provide essential evidence-based
support for furthering work on large scale for-
mulation development as well as future clinical
studies of Piper betel.

Key words: Piper betel, bioactive components,
Therapeutic potential, Cancer therapy

1. Introduction

Application of phyto bioactive compo-
nents (PBCs) for the treatment of cancer has
been one of the emerging trends in drug de-
livery research. In view of the unavoidable ad-
verse effect of conventional anticancer drugs
associated with immune suppression and
healthy tissue toxicity, plant based pharmaceu-
ticals are being explored heavily to ameliorate
treatment outcomes in cancer therapy. Cancer
is a typical pathological state, where the cel-
lular reproduction process goes out of control
with formation of abnormal mass of cells. Due
to the result of DNA damage of cells, irregular
growth and division are observed in the can-
cer cell. In the present world, cancer has been
recognized as the second deadliest disease
followed by cardiovascular disease (1). Accord-
ing to WHO cancer takes nearly 10 million life
in 2020 only (2). Around the world, one in five
men and one in six women during their lifetime
develop cancer and one in eight men and one
in eleven women died due to cancer (3). The
existing conventional treatments, viz. chemo-
therapy, surgery, radiation in combination have
been showing uncountable limitations, severe
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adverse effects with negligible improvements in
quality of life post treatment. Surgery/radiation
also has limited role in cancer like leukaemia
and lymphomas (4). Further, existing anticancer
drug therapy with the present methodology de-
stroys the tumour tissue with great accuracy but
fails to distinguish between the healthy and tu-
mour cells (5). All conventional chemotherapeu-
tic medications are severely cytotoxic and have
a low therapeutic range. Due to their extreme
cytotoxicity, they affect the microtubule organ-
isation and cell survival (6). From the current
clinical practice data, it is established that the
synthetic chemotherapeutic agents have less
specificity to cancer cells which lead to several
adverse effects. Because the anticancer drug
targets actively developing cells, it also has
negative effect on normal cells that grow rapidly
such as the hair follicles, gastrointestinal tract,
and bone marrow (7). To overcome these set-
back, plant-derived anticancer agents with less
toxicity and more specificity is highly needed.
There are many plants that have been used
for the research of cancer treatment for many
years. Among 35000 potential plant species,
3000 species showed desired therapeutic activ-
ity against cancer according to National Cancer
Institute (NCI) (8). Betel leaf (Piper betel) is one
of the common plants among them and is well-
known for its various anti-oxidant, antimicrobial
and anti-inflammatory properties (9). According
to various researchers, PBCs present in Piper
betel have selective toxicity towards cancer
cells too. Recent studies have shown effective
anticancer potential of Piper betel derived PBCs
in ameliorating cancer both in vitro and in vivo.

Thus, objective of the present review is
to provide updated information on the antican-
cer properties of Piper betel and its important
phyto constituents on different cancers. Updat-
ed research works of pre-clinical studies involv-
ing Piper betel derived PBCs on various cancer
cells have been included. Along with that, we
have briefly covered the crucial challenges in
the clinical translation or vulnerability of PBCs
for industrial scale production. We believe the

compiled reports on the anticancer activities of
Piper betel would be helpful to provide useful
insights in furthering research on its clinical as-
pects.

Betel leaf: Important bioactive constituents
and traditional uses

Even in twenty-first century approx-
imately 80 percent population in developing
countries depends upon medicinal plant-based
medicine as an affordable source (10). Piper be-
tel (family: Piperaceae), a perennial, dioecious,
evergreen, small shade-loving, aromatic root
climber is one among Southeast Asia’s most
significant plants. In tropical and subtropical re-
gions of the world this genus has been found
largely distributed with wide range of tradition-
al and medical applications (11). Betel vine is
widely planted in Thailand, Sri Lanka, Malaysia,
India, Nepal Taiwan, Pakistan, and other South-
east Asian nations (12).

From various studies on betel leaf,
many biologically active components have been
reported (11). Phenol is one of such important
components present in the leaf. The unique
strong pungent aromatic flavours of the leaf are
due to the presence of phenol and terpene-like
compounds. Various significant PBCs which
are present in Piper betel include chavibetol
(betel-phenal; 3-hydroxy-4-methoxyallylben-
zene), chavicol (p-allyl-phenol; 4-allyl-phenol),
estragole (p-allyl-anisole; 4-methoxyallylben-
zene), eugenol (allylguaiacol; 4-hydroxy-3- me-
thoxy-allylbenzene; 2-methoxy-4-allyl-phenol),
methyl eugenol (eugenol methyl ether; 3, 4-di-
methoxyallylbenzene), hydroxycatechol (2,
4-dihydroxyallylbenzene) etc. Along with these,
caryophyllene, p-cymene, cadinene, eugenol
methyl ether, y-lactone, tritriacontane, dotria-
contanoic acid, allyl catechol cepharadione A
etc. are too found in the betel leaf in varying
amounts (13).

Use of betel leaves in India has been
documented in various old books and in Ayurve-
dic manuscripts. The use of betel leaves from
1400 BC was also evidenced in Vatsyayan’s
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Kamasutra in which aphrodisiac activity of betel
leaves has been mentioned (14). Betel leaves
are also used in several rituals in Southeast
Asian nations such as India, Sri Lanka, and
Bangladesh. Betel leaf has traditionally been
used to cure problems such as itching, otor-
rhoea, traumas, mastoiditis, leucorrhoea, masti-
tis, headache, constipation gum swelling, rheu-
matism, wounds, and conjunctivitis (15). The
wound healing properties are also identified
from Indian traditional and conventional medi-
cal systems. Betel leave was recognized as a
potent phyto medicine to assist the digestive
process and shows a good effect for bronchitis
treatment. Even it has traditional use as a fla-
tus reliever to eradicate worms, bacteria. In In-
dia, betel leaf is very often chewed after meals,
which shows moderate digestive stimulant ac-
tivity (14). To cure cough, combination of Pip-
er betel leaves and honey has been taken as
a traditional herbal medication. Though, lots of
medicinal effects of Piper betel were observed
for several diseases from ancient times, but its
therapeutic usefulness in cancer has been doc-
umented in twentieth century only (16).

Predicted mechanisms of Piper betel based
PBCs for cancer prevention

Cancer is a typical disease and re-
mains largely mysterious till today irrespective
of eye-catching research progress in medical
science. However, with the advancement of bio-
technology, molecular engineering and pharma-
ceutical research, molecular insights of cancer
progression is being unfolded slowly. In human
bodies, free radicals in various forms such as
reactive nitrogen species (RNS) and reactive
oxygen species (ROS) are developed as a re-
sult of cellular metabolism. Excessive amounts
of RNS/ROS lead to cytotoxicity, inflammation
and even mutagenesis and thus have been
identified as important molecular mechanism
in cancer progression (17). Piper betel derived
PBCs possess the ability to scavenge hydrox-
yl radical and superoxide radical. a, a-diphe-
nyl-B-picryl hydrazyl (DPPH) radicals, superox-
ide radicals, and hydroxyl radicals have been

found effectively scavenged by ethanolic and
aqueous extracts of betel leaf (18). In a study
on the antioxidant effect of ethanolic extract of
betel leaf, a significant decrease in extracellular
nitric oxide production was observed (19).

Eugenol, one of the key ingredients of
betel leaf possesses strong antioxidant prop-
erties. In lipopolysaccharide-stimulated mouse
macrophage cells, eugenol inhibited COX-2
gene expression, which eventually led to the
suppression of inflammatory responses (20).
Hepatic level of retinol, ascorbic acid (antioxi-
dant molecules), glutathione, Superoxide dis-
mutases (SODs) is an antioxidant enzyme was
also found to be significantly increased by the
Piper betel leaf extract as reported by Choud-
hary et al. (21).

Peroxidative attacks by free radicals
can lead to the destruction of poly-unsaturated
fatty acids present in cell membranes, leading
to cell membrane dysfunction (22). In an in vi-
tro examination on rat liver mitochondria, al-
coholic extract of the betel leaf prevented lipid
peroxidation. Piper betel derived PBCs have
been found to enhance the amount of Gluta-
thione S-transferases (GST), another key en-
zyme which protects the cells from the effect
of toxic metabolites. This enzyme system too
works to fight against various carcinogenic me-
tabolites and mutagens (23). When laboratory
mice were treated with Piper betel leaf extract
and its individual components like a-tocopher-
ol, B-carotene and hydroxychavicol, the amount
of GST was found to be increased in their liv-
er (14). Studies on the structure-based effects
of acetylation on benzene ring hydroxyl groups
have revealed the anti-nitrosating action of the
molecule, which indicates their potential for an-
timutagenic activities. In a report, both hydroxy-
chavicol and eugenol (two major PBCs in Piper
betel) were found to decrease nitrosation in a
dose-dependent manner in vitro (18). Predict-
ed mechanisms of Piper betel and its bioactive
constituents in cancer prevention/treatment
have been depicted in Figure 1.
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Figure 1.Mechanism of action of bioactive con-
stituents of Piper betel in cancer prevention/
treatment

Recent research progress on Piper betel
based PBCs in cancer

Many studies have documented the an-
ticancer potential of Piper betel derived PBCs in
vitro and in vivo. The in vitro anticancer activity
of Piper betel leaves in KB cell line (oral squa-
mous carcinoma) was tested in a recent study
by Sadiya R Veettil et al. 2022. For the study,
aqueous extract of the dried betel leaves was
used. In vitro cytotoxicity experiment was con-
ducted in a 96 well tissue culture plate and the
plates were examined using an inverted phase
contrast tissue culture microscope for 72 hours
for any visible morphological alterations in cells.
Cell viability percentage was determined us-
ing the MTT method. Piper betel leaf extract
showed significant cytotoxicity in the tested KB
cells as evidenced in the form of noticeable
changes in cellular morphology like vacuoliza-
tion of cytoplasm, rounding/granulation and cell
shrinkage. The study overall demonstrated that
increase in the quantity of leaf extract reduced
the percentage of survival of KB cells (24).

Microtubule is an important part to main-
tain the cytoskeleton of cells. Microtubules con-
tribute to shape, dynamics, movement of cells
and thus are considered partly responsible for
the cancer cell migration. Aqueous extract Piper
betel leaf showed substantial reduction in can-

cer cell migration (A549 cells) and modulation
in microtubule structure in vitro (25). To evalu-
ate effectiveness of anti-migration effect, results
obtained with the experimental leaf extract was
compared with that of 5-fluorouracil (5-FU), an
established anticancer drug. For the study, Pip-
er betel leaf extract and 5-FU at two different
concentrations were taken. When the results
of the study were compared, it was shown that
both betel leaf extract and 5-FU inhibited cell
migration at low quantities. However, betel leaf
extract at relatively higher concentration (100
g/mL) was significantly more effective against
migration than 5-FU. The morphology, struc-
ture, and tubulin network of human colorectal
adenocarcinoma cells (HT29) treated with Piper
betel leaf extract, 5-FU, and paclitaxel were ex-
amined. Paclitaxel treated cells and Piper betel
leaf extract treated cells both showed similar
morphologies of round shaped cells with long
distorted spindle. These spindles are defects
on the microtubule which prevent cell division
and lead to apoptosis. The study concluded that
Piper betel leaf extract induced microtubule po-
lymerization whereas at relatively low concen-
tration, it inhibited cell migration (25). Thus, Pip-
er betel derived PBC was found as potential
microtubule-targeting agent with anti-migratory
effects on cancer cells.

Antioxidant and anticancer properties of
betel leaf extract was studied in MCF-7 human
breast cancer cells (26). The antioxidant activi-
ty of betel leaves extract was shown by DPPH
radical scavenging capacity. The SRB tech-
nigue was used to analyse the cytotoxicity of
betel leaf extract in MCF-7 cells cultured in Dul-
becco’s Modified Eagle Medium (DMEM). The
cells were plated in a culture dish at 37°C for 24
hours and for 48 hours with different dosages
of betel leaf extract to examine its cytotoxic and
anti-migratory effect. MCF-7 cell survival was
reduced as the dosage of Piper betel leaf ex-
tract was increased. It was also shown that the
betel leaf extract reduced cancer cell migration
in a concentration dependent manner. Follow-
ing the reasonable cytotoxic and anti-migratory
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effects of betel leaf extract on MCF-7 cells, its
local application was considered. As a result, a
transdermal patch containing Piper betel leaf
extract was developed for application to the in-
tended breast area (26).

Similarly, another study was conduct-
ed on the anticancer efficacy of silver nano
bio-conjugates synthesized from the methanolic
extract of the Piper betel leaf. In 10:90 ratio, the
methanolic extract of betel leaf or 100ug diluted
purified eugenol was added to 1 mmol silver ni-
trate solution followed by exposure to sunlight
and centrifugation. The anticancer activity was
compared among the silver nano bio-conjugate
and with the raw material like betel leaf extract
or eugenol (27). Oral cancer cells (KB) along
with non-cancerous buccal cells were used for
the study. Both the cells were seeded as 10°
live cells/ ml for further experiments. In the cell
medium, the silver nano bio-conjugate synthe-
sised from methanolic extract of betel leaf as
well as eugenol was added. Both cancerous
and non-cancerous cells were tested for viabili-
ty with the MTT reduction assay. Results of MTT
assay indicated after exposure to betel leaf ex-
tract, eugenol, and the experimental silver nano
bio-conjugates, KB cells exhibited a dose-de-
pendent reduction of cell viability. As compared
to their non-nano raw material counterparts,
silver nano bio-conjugates had reduced via-
bility. Results overall depicted the improved
anticancer effects, when extract and eugenol
get administered in silver nano bio-conjugates.
However, the viability of healthy buccal cells
was unaffected by different doses of silver nano
bio-conjugates and eugenol, which means that
silver nano bio-conjugates are not harmful to
healthy cells. Apoptosis study further confirmed
higher anti-apoptotic activity of the experimen-
tal silver nano bio-conjugates than plain extract/
eugenol. The nano bio-conjugates shifted can-
cer cells into S and G2/M phases, showing su-
perior anticancer efficacy (27).

Methanolic extract of Piper betel leaf
possessed antitumor efficacy against Ehrlich
ascites carcinoma (EAC). The research was

conducted in Swiss albino mice bearing EAC
and the median survival study along with the
life span of cancer induced mice was estimat-
ed (28). The EAC cells were transplanted in-
tra-peritoneally in Swiss albino female mice. Af-
ter 24 hours of transplantation of EAC cells, the
methanolic extracts were administered in differ-
ent doses, viz. 25, 50, 100 mg/kg body weight
for 9 days, The antitumor effect of the extract
and fractions were evaluated by cell study from
the mice as like viable and non-viable tumor cell
count, tumor volume packed cell count. Haema-
tological and biochemical parameters including
haemoglobin content, RBC and WBC count,
serum biochemical serum glutamate pyruvate
transaminase (SGPT), serum glutamate oxalo-
acetate transaminase (SGOT), serum alkaline
phosphatase (SALP), serum bilirubin, and total
protein level were assessed. For antioxidant
property, evaluation lipid peroxidation and cat-
alase (CAT), reduced glutathione (GSH) and
superoxide dismutase (SOD) levels were also
calculated. The methanolic Piper betel leaf ex-
tract and 100 mg/kg body weight ethyl acetate
fraction inhibited EAC cells significantly. Mice
with EAC treated with betel leaf extract had a
lower tumour volume, packed cells, and viable
cell count, as well as a longer life time. Also, the
haematological and serum biochemical profiles
were found to remain in normal level as com-
pared to EAC control mice. In case of metha-
nolic extract and ethyl acetate fraction group,
the lipid peroxidation get decreased and SOD,
GSH, CAT levels were restored at normal level
as compared to EAC control group. From the
study, the antitumor effect of Piper betel leaf ex-
tract was well established (28).

Anti-carcinogenic properties of betel
leaf extract was investigated by Toprani, R et al.
in by using two different protocols in Swiss male
mice. The effectiveness of Piper betel leaf ex-
tract against the standard carcinogen benzola]
pyrene was studied in the first protocol using
Wattenberg’s stomach cancer model. Piper be-
tel leaf extract was administered in eight weeks
old male mice by intra-gastric instillation. In
the second stage, effectiveness of Piper betel
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leaf extract was determined against two tobac-
co-specific nitrosamines, N’-nitrosonornicotine
(NNN) and 4-(methylnitrosamino) -1- (3-pyridyl)
-1- butanone (NNK). Nitrosamines were admin-
istered in mice’s tongue along with oral admin-
istration of the betel leaf extract with drinking
water. Two different doses were used for NNN
and one dose for NNK. In the first protocol, Pip-
er betel leaf extract showed the reduction of tu-
morigenic effect of benzo[a]pyrene in the fore
stomach tumour to very noteworthy range. In
case of second protocol, the betel leaf extract
treatment reduced the mortality of the animals.
But the long term studies showed statistical sig-
nificant difference in decreasing tumor volume
in between NNN treated and betel leaf extract
treated groups. The study thus evidenced the
anti-carcinogenic effect of betel leaf extract in
vivo against benzo[a]pyrene. Betel leaf derived
PBCs were involved to minimize the toxicity
caused by NNN and NNK (29). Anticancer ef-
fectiveness of Piper betel derived PBCs was
also reported against prostate cancer cells. In
the experiment by Rutugandha P. et al. Piper
betel leaf extract was found to possess effective
anticancer potential in prostate cancer therapy
in vivo. For the study, 6 weeks old male mice
prostate cancer cells (PC-3-luc) were insert-
ed subcutaneously. At three different doses,
the Piper betel leaf extract were administered
orally in three different groups of animals along
with the control group. The result showed that
Piper betel leaf extracts significantly inhibited
the prostate cancer cells proliferation in mice.
To identify the main PBCs in the tested betel
leaf extract, classical column chromatography
was performed using solvents of different polar-
ity strengths followed by thin layer chromatog-
raphy. Among the fractions, F2 showed better
in vitro effectiveness to inhibit prostate cancer
proliferation almost three times than other treat-
ment groups. Further, the F2 fraction was sub-
jected to nuclear magnetic resonance analysis,
mass spectrometry, and high-performance lig-
uid chromatography, which confirmed that phe-
nols, chavibetols (CHV) and hydroxychavicols
(HC) were the principal PBCs. HC containing

sub-fraction was eight times more potent for in-
hibition of prostate cancer proliferation as com-
pared to CHV containing sub-fraction. The study
thus concluded that perhaps HC is a major com-
ponent in Piper betel for the potential candidate
of prostate cancer treatment (30). Anti-oxidant
potential of Piper betel leaf extract was used
to reduce growth of MCF-7 cells (31). For the
determination of flavonoid and phenolic con-
tent of the leaf, colorimetric assay was used.
To analyse the antioxidant activities of the plant
extracts various assays like DPPH, FRAP, nitric
oxide, superoxide anion and hydroxyl radical
scavenging assays were used. The cell viabil-
ity test was carried out using the MTT assay
methods, with MCF-7 cancer cells on 96 well
culture plates. After 24 h, the leaf extracts at
various concentrations were added in each well.
Among the tested extracts, ethyl acetate extract
showed higher ferric reducing and free radical
scavenging activity when measured with nitric
oxide radicals, superoxide anion and DPPH.
In case of hydroxyl radical scavenging activity
it is second highest, just after aqueous extract.
Pearson correlation analysis revealed no sig-
nificant relationship between phenolic content
and hydroxyl radical scavenging ability. Among
all the betel leaf extract the phenolic contain is
maximum in ethyl acetate extract, even three
times higher than hexane and sixteen times
higher than methanol extract. But flavonoid
amount is highest in methanolic extract. Howev-
er, mostly the hexane and ethyl acetate extracts
showed effective dose-dependent inhibition in
the cytotoxicity assay against MCF-7 cells, with
IC,, values of 65.00 £ 0.00 and 163.30 + 2.89 g/
ml, respectively (32). SOD and catalase activity
were enhanced in MCF-7 cells treated with ethyl
acetate fraction. The work in a nutshell overall
depicted potential antioxidant and anti-prolifera-
tive activity of ethyl acetate fraction of betel leaf,
which could be further investigated for further
clinical feasibility.

A list of recently conducted research on
Piper betel and its PBCs on various cancers has
been depicted in Table 1.
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Table 1 A list of recently conducted research on Piper betel and its PBCs on various cancers has
been depicted

S Form of formula-| Type of can- | Result Reference

no tion and used con- | cercancer cell
stituents /carcinogens

1 Piper betel leaf ex- | Tobacco in- | The constituents of betel leaf reduce the toxicity | Bhisey, R.A.,
tract duced car- | instigated by NNN and NNK. at al. (2012)

cinogenesis
(NNN , NNK)

2 Piper betel leaf | bhide Betel leaf extract like hydroxychavicol, -car- | Gupta, R.K.,,
extract eugenol, otene, -tocopherol, eugenol, all significantly | at al. (2022)
hydroxychavicol. reduced the tumor growth. -carotene and -to-

-carotene and -to- copherol show intense protection even in lower
copherol concentrations.

3 Piper betel leaf | Breast cancer | Ethyl acetate extracts showed maximum inhibi- | Abrahim at al.
extract with water, | (MCF-7) tion of proliferation against the MCF-7 cell (2012)
methanol, ethyl
acetate, hexane

4 Transdermal patch | Breast cancer | Transdermal patch shows prolonged anticancer | Boontha at al.
with  Piper betel | (MCF-7) effect compared to the leaf extract. (2019)
leaf extract

5 Piper betel leaf | Prostate can- | Piper betel leaf extracts significantly inhibit the | Paranjpe at
extract cer human prostate implanted in mice. Hydroxy- | al. (2013)

chavicol is a major component in Piper betel
for the potential candidate of prostate cancer
treatment

6 Piper betel leaf ex- | Oral  cancer | With the increase of the Piper betel leaf extract | Veettil at al.
tract (KB cell) the cytotoxicity of KB cells also get increased. | (2022)

7 Piper betel leaf | Oral cancer | The conjugated silver nano form shows higher | Preethi at al.
methanolic extract | (KB cell) anticancer properties compared to the respec- | (2016)
and eugenol were tive unconjugated form. And silvenano bio con-
used to create sil- jugate are not cytotoxic for healthy cells.
ver nanobioconju-
gates.

8 Hydroxychavicol Oral cancer | Hydroxichavicol promotes the inhibition of cell | Chang at al.

(KB cell) cycle, growth of KB cell, leads to apoptosis of | (2002)
KB cell
9 MethanolicPiper | Ehrlich asci- | Mice with EAC that were given betel leaf extract | Alam at al.
betel leaf extract tes carcinoma | had a reduced tumour volume, packed cells, | (2015)
(EAC) and viable cell count, as well as a longer life-
time.
10 Hydroxychavicol pancreatic | Hydroxychavicol produced DNA damage, which | Majumdar at
cancer caused pancreatic cancer cells to apoptosis. al. (2019)
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Undoubtedly, emergence of phyto active com-
ponents has boosted cancer research. As we
discussed, multiple options are available for
the fabrication of betel oil based PBCs with
modified physiochemical characteristics. How-
ever, apart from the huge benefits that the
phyto-medicine offers, there still exist many
uncleared problems on their way for clinical
application. Large scale synthesis, regulato-
ry clearance followed by commercialization of
such PBCs-based medicines need long term re-
search collaboration with time-bound vision by
pharmaceutical companies. Careful analysis of
biocompatibility, therapeutic potential, structural
stability, in vivo life span, biodistribution profile
in healthy organs/tissues should be conduct-
ed along with long-term toxicity analysis (36).
Though, many times, the formulation technol-
ogists and academic scientists argue that usu-
ally PBCs possess no/negligible side effects or
toxicity profile as they belong to herbal origin.
But, this argument clearly lacks scientific merit
as no such regulatory bodies will ever accept
this. Merely an herbal origin tag does not certify
a component to be non-toxic or safe for human
application. Also, the regulatory procedures are
not streamlined in between Allopathic and Ho-
moeopathic/Ayurvedic medicine systems. Thus,
formulation of PBCs must pass through toxicity
testing protocol and must ensure its safty profile
to get nod for commercial approval.

Another striking issue that is associated with
PBCs is their versatile availability and yield per-
centage of active components. In many cases,
the yield amount of active component remains
too low from the plant raw materials used for
extraction. Geographical distribution of the plant
may vary, which also affects their active prin-
ciples and contents. Many times, the low yield
coupled with presence of variable active com-
ponents in the plant material is not being able to
meet the demand. In case of Piper betel, if we
consider, then the yield percentage of essential
oil from its leaves remains maximum up to 2 %
w/v. However, this might vary from species to

species and largely depend on the geographical
location. These factors also need to be consid-
ered for phyto fabrication. If the desired quanti-
ties of PBCs are not up to the mark, its proper
way of plantation need to be planned, which
ultimately would further add to the final cost of
therapy. The extraction procedure or isolation of
PBCs also needs up gradation with utilization of
cutting-edge tools and flexible designs.

Despite eye-catching research advancements
in drug delivery arena, use of phyto pharma-
ceuticals in novel delivery platforms stands
a long way from clinical translation. Low drug
loading capacity of nanocarriers along with sta-
bility issues of PBCs still an unsolved issue.
Ligand-modified tailored nanocarriers though
have put some promising clue for targeting of
cancer, but such approach is yet to find its way
for PBCs. The main reason is still the stability
problem during manufacturing, and long term
storage. Insufficient data are available till now
on the in vivo efficacy of tailored nanocarriers
loaded with PBCs over the plain nanocarrier
formulations or the marketed conventional for-
mulations for the treatment of cancer. Improved
efficacy of PBCs loaded nanocarriers over con-
ventional drugs has still remained marginal in
pre-clinical study reports.

As discuseed before, large scale manufacturing
of PBCs remains a key issue, as pharmaceuti-
cal companies hesitate to invest in them. Irre-
spective of voluminous in vitro/in vivo reports on
the different phytopharmaceuticals at academ-
ic level, they yet to see day light at technology
transfer. Lack of well-designed, optimized man-
ufacturing procedure, standardized processing
steps, improvement in material yield hijacks the
transition from laboratory to industrial scale. For,
pharma-companies, all therapeutic outcome
claimed at in vivo stage are immaterial unless
the clinical benefit is guaranteed.

Few specific points need to be considered se-
riously to avail the Piper betel-derived PBCs at
bed side (37, 38).

a) Careful design and engineering of large scale

A short review on pre-clinical investigations and practical challenges
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manufacturing process.

b) Toxicity analysis of PBCs-loaded carriers
¢) In vitro/ in vivo correlation analysis

d) Continuous exchange of ideas between in-
dustry and academic scientists

e) Designing of collaborative research work be-
tween leading research laboratories consider-
ing the regulatory guidelines

Conclusion

It is an accepted fact that novel technology
holds the potential to improve the therapeutic
effectiveness of PBCs in cancer therapy. With
the use of hyphenated technologies, advanced
biomaterials, and well-designed formulation pro-
tocols, PBCs-based therapeutics would see day
light in coming days. Use of Piper betel derived
PBCs for the treatment of cancer is attracting at-
tention of formulation scientists in recent days.
It is quite evident that Piper betel and its con-
stituents have a remarkable prospective to fight
against breast cancer, oral cancer, prostate can-
cer. However, like the usual problems associat-
ed with clinical translation of other PBCs, further
pre-clinical studies are too are highly warranted
for Piper betel based therapeutics. In terms of
biocompatibility, easy availability, safety profile
etc. Piper betel derived PBCs could stand dif-
ferently. Its wide range of availability across the
geographical locations in India and long history
of traditional uses could pave its patient compli-
ance. Further investigations on the anticancer
effectiveness of Piper betel-PBCs would help it
to emerge as an effective alternative or comple-
mentary medicine for cancer application, which
would in turn motivate the farmers for its wider
cultivation. In many parts of India including Odi-
sha, the large scale cultivation of the Piper be-
tel would promote the socioeconomic status of
the regions too. In a nut shell, Piper betel-PBCs
based nanocarriers still have to pass through
a long journey to find them in clinical stage as
alternative treatment strategy for cancer. How-
ever, with advancement of technological inno-

vations and collaborative research strategies
would make the challenges to be conquered in
future.
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