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Email: srksuripeddi@gmail.com anti-diabetic activity of extracts of Ardisia solanacea and
assess the cytotoxicity as well. The leaves were subjected
to solvent extraction and nanoparticles were synthesized
using the extracts. The AgNP of methanol extract from
ISSN : 2382-5359(Online), leaves of A. solanacea showed the highest total phenolic and
1994-1412(Print) flavonoid contents of 35.44 mg of gallic acid/gm and 15.77
mg of quercetin /gm respectively. The TEM analysis revealed
that the size of AgNPs ranged between 30 and 47 nm with
Amax of 440nm. The AgNP of methanolic extract at 100ug/
mL exhibited maximum activity of 89.6% and 84.9% for
DPPH and H202 scavenging activities respectively. Further,
the extracts exhibited excellent NO scavenging, Xanthine
oxidase inhibition and anti-glycation activities. The AgNP
of methanol extract displayed excellent inhibitory activity
with IC50 of 45.47 pg/mL and 56.42 pg/mL respectively
for a-amylase and o-glucosidase. The MTT assay for the
cytotoxic studies in vitro of extracts on HepG2 cells at varied
concentrations was carried out and all the tested extracts
and compounds displayed low levels of toxicity in a dose-
dependent approach. However, all the extracts exhibited
<50% cell death even at the highest concentration of 200 pg/
mL. Therefore, Ardisia solanacea could be explored as a bio-
friendly natural source of phytoconstituents, which serves as
an alternative to conventional synthetic compounds for the
treatment and management of various diseases.
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1. INTRODUCTION

Diabetes mellitus is the most common disorder of
insulin metabolism and is recognized as one of the
health problems that need to be addressed on an urgent
basis. According to the current data available in the
Diabetes Atlas of the International Diabetes Federation
(fourth edition), 285 million among the 7 billion of total
world population are affected by diabetes mellitus (Wild
et al, 2004). In addition, number of people suffering
from impaired glucose tolerance are 344 million and
numbers are expected to rise to 438 million for diabetes
and 472 million for IGT by 2030 (IDF Diabetes Atlas
2021). Recent research depicts significant evidence
stating that diabetes mellitus is a scourge in many low
and middle-income countries. Almost one-fifth of the
world’s people in Southeast Asia are suffering from this
disorder, which is responsible for many deaths in most
of the countries, and caused 4.6 million deaths in 2011
(IDF Diabetes Atlas, 2021). According to the latest data
from the World Health Organization published in 2016,
the deaths in Sri Lanka due to diabetes mellitus are
5.7% of total deaths. Sri Lanka is a multi-etimic and
multi-religious country with about 20 million people
(WHO 2016). Suffering from diabetes is increasing
globally with changes in urbanization, lifestyle changes
and lack of physical activity. Diabetes cannot be cured
as of now and however the blood glucose levels can
be maintained through pharmacological and dietary
interventions. Phytoconstituents from MAPs have
excellent antioxidant and anti-glycation activities that
prevent this auto-oxidation and help in preventing
complications in diabetes. Over the last few decades,
recognition of herbal treatments for diabetes has
increased globally as they offer more efficacy, minimal
side effects with affordable cost (Brusotti et al. 2014).
There are several medicinal plants used in the herbal
formulations of traditional medicine like Unani,
Chinese and Ayurveda for the management of Diabetes
mellitus, but few scientific experiments have proven
the efficacy of the plants for their therapeutic potential
in either prevention or management of Diabetes
mellitus (Brusotti et al. 2014; Dhakad et al. 2018).
Therefore, the cutting-edge research needs to evaluate
the pharmacological potential and identify the active
compounds, as these scientific findings helps the future
remedy development industry, to prove the efficacy and
standardize herbal medicines.

Medicinal plants and their products have been employed
in the management of various metabolic disorders since

time immemorial. Research on phytoconstituents from
various botanicals showed that they regulate oxidative
stress damage by scavenging the free radicals and
reactive oxygen species (Ames et al. 1993; Pérez et al.
2021). Previous studies suggest that there is a correlation
between disease incidence and diet where, the risk of
occurrence of degenerative diseases is less with a higher
intake of foods rich in antioxidants (Ghadermazi et al.
2017). Among these, are essential oils from medicinal
and aromatic plants comprising mostly of volatile
constituents with characteristic aroma and employed
in drug, food and perfumery industries (Christenhusz
& Byng 2016; Dhakad et al. 2018). There has been
growing interest in the usage of plant extracts as anti-
oxidant and anti-glycation agents thus conscientious
efforts have been placed recently by many researchers
throughout the world in the development of novel
lead products for the maintenance of well being and
management of diabetes.

Ardisia solanacea (A. solanacea) belonging to the family
Myrsinacea is an evergreen shrub or tree growing to a
height of 12 meters tall and distributed in tropical and
subtropical regions of the world. It is commonly known
as Duck’s Eye in English, Bodina Gida in Kannada
and Adavi Mayuri in Telugu. In Asia it is particularly
distributed in Southern China, India, Sri Lanka,
Nepal, Bhutan, Myanmar and Malaysia. The plant is a
repertoire bioactive compounds and is widely used in
the treatment of diarrhea, sore throat, dysmenorrhea,
gout, theumatic arthritis, vertigo, bacterial infections
and thrombolytic diseases (Khatun et al. 2013; Amin
et al. 2015). As a part of screening medicinal plants
available in the Western Ghats, A. solanacea was
selected based on the ethnobotanical information and
literature and therefore, we here present our results of
the investigative study.

2. MATERIALS AND METHODS

2.1 Chemicals, solvents, standard compounds and
enzymes

The enzymes, o-amylase and a-glucosidase were
purchased from Sigma-Aldrich, Bengaluru, India.
The solvents and chemicals (analytical grade), Gallic
acid, Ascorbic acid, Allopurinol, Aminoguanidine and
Acarbose were procured from Sigma-Aldrich, India.
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2.2 Plant material

The leaves and stems of Ardisia solanacea were
collected near Korahalli (13°2°1.6728” N 76° 4’
38.1864” E), near Hassan, Karnataka, India in July
2021 and a voucher specimen has been deposited in
the Department of Botany, AV Kanthamma College for
Women, Hassan Karnataka (AVK BOT 3018).

2.3 Solvent extraction

The leaves and A. solanacea were subjected to solvent
extraction by soaking them separately in various solvents
such as Petroleum ether, Ethyl acetate, and Methanol for
8 h followed by homogenization in a mortar and pestle.
Then the extracts were filtered using separating funnel,
excess solvent was removed using a rotary evaporator
under vacuum and dried over anhydrous Na,SO,. The
light green and pale yellow extracts thus obtained were
stored at 4 °C in a refrigerator for further studies.

2.4 Phytochemicals screening

The phytochemicals screening was carried out
according to the qualitative standard chemical methods
(Trease & Evans 2009). All the solvent extracts were
screened for the presence of various phytochemicals
such as carbohydrates, alkaloids, Terpenoids,
Anthraquinones, Tannins, sterols, and flavonoids using
various qualitative analytical tests.

2.5 Biosynthesis of Silver nanoparticles (AgNPs)

Freshly prepared extracts were used for the biosynthesis
of AgNPs as per the method described (Parashar et al.
2009). A queous solution of silver nitrate (50 mL of
5 x 10 M) was prepared in an Erlenmeyer flask and
1 ml of each solvent extract (0.2 g/mL) was added
and kept in the dark for 24 h until the appearance of a
brownish color. The absorbance of silver nanoparticles
was recorded using S1-159 spectrophotometer at 200-
800 nm range (Theerthavathy et al. 2019) followed by
TEM analysis for determination of the size and shape
of AgNPs formed (Elevazhagan & Arunachalam 2011).

2.6 Estimation of Total Phenolic content

This was performed as per published method
(Ainsworth & Gillespie 2007) with slight modifications
and in quintuplicate. Extracts and AgNPs (1 pg/mL;
100 uL), IM Na,CO, were mixed with Folin-Ciocalteau
reagent and incubated in the dark for 15 minutes. The
absorbance of the color developed was recorded at 760

nm against reagent blank. Gallic acid was employed
as a positive control sample. The total phenolics were
determined as mg of gallic acid equivalent per gm of
extracts and samples.

2.7 Determination of Total Flavonoid content

The flavonoid content in the extracts and AgNPs
was determined using colorimetric assay as per the
published method (Aiyegoro et al. 2010) with slight
modifications and in quintuplicate. Briefly, extracts
(1ml), AgNPs (ImL), aluminum chloride (10%; 0.2
mL), potassium acetate (1M, 0.2 mL) and distilled
water (5.6 mL) were mixed thoroughly and incubated at
37 °C for 30 min. Absorbance was recorded at 420 nm
in a SL-159 spectrophotometer and the total flavonoids
were determined as mg of quercetin equivalents per
gram of sample from the calibration curve of quercetin.

2.8 In vitro Antioxidant activity

This was evaluated by adopting the following
methodologies.

2.8.1 Determination of FRSA potential using DPPH

The Free Radical Scavenging Ability (FRSA) of extracts
and AgNPs of extracts of A. solanacea determined
using 1,1-diphenyl-2picrylhydrazyl (DPPH) radical
scavenging method (Karadag et al. 2009) with slight
modifications and in quintuplicate. The reaction
mixture consisted of DPPH solution (Immol/l in
methanol, 2ml) and 1ml of extracts and Ascorbic acid
(positive control) were incubated at 37°C for 20 min.
The decrease in the absorbance was measured at 517
nm against a reagent blank. The FRSA potential of all
samples was determined using the formula.

Free radical scavenging activity (%) = (A —A) / A X
100

Where A_= Absorbance of standard compound

A, = Absorbance of sample
2.8.2 Determination of FRSA potential using H,O,

This was carried out as per the published method
(Ruch et al. 1989) with slight modifications and
in quintuplicate. Hydrogen peroxide (43 mM) in
phosphate buffer (1 M, pH 7.4) was prepared and used
for the analysis. Different concentrations of extracts
(10-500ng/ml) were added to an H,O, solution (0.6
mL, 43 mM), incubated for 10 min and absorbance was
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measured at 230 nm against phosphate buffer (without
H,0,) blank. The FRSA potential was assessed by the
% inhibition using the formula

% inhibition = (Control- Test) /control x100
2.8.3 B -Carotene bleaching assay

This assay was performed as per the method
of Wettasinghe and Shahidi (1999) with slight
modifications and in quintuplicate. Briefly, § -carotene
(200pg/ml in chloroform; 2mL) was taken in a round
bottom flask and added linoleic acid (20 uL) and Tween
20 (200 puL) mixed and vortexed and evaporated for 10
min at40 °C. This was followed by the addition of 100 ml
of distilled water (HPLC grade). Then the mixture was
vortex and 5 ml of the resultant solution was transferred
into test tubes containing varied concentrations (10-500
pg/mL) of extracts. Subsequently, the tubes were heated
in a water bath at 50 °C for 2 h and then absorbance at
470 nm was measured every 15 min. The antioxidant
activity was determined using the formula

Anti-oxidant activity % =1 - (A - A) /(A" —A})

Where, A, = Absorbance of control; A = Absorbance
of sample

2.9 Anti-glycation activity

The Anti-glycation assay was carried out as per the
method of Bhatwadekar & Ghole (2005) with slight
modifications and in quintuplicate. Briefly, | mg/mL of
bovine serum albumin was incubated with fructose (0.25
M) and glucose (0.25 M) in phosphate-buffered saline
(0.1M, pH 7.4) along with extracts and aminoguanidine
(positive control) were dissolved in 50% DMSO and
incubated in the dark for 4 days. The glycated protein
thus formed was measured at two different wavelengths,
335 nm (Fluorescence, excitation wavelength) and
385 nm (emission wavelength). Extracts at varied
concentrations ranging from 1- 100 pg/mL were tested
and IC,, values were calculated. Subsequently, the
percentage inhibition of AGEs was determined using
the formula:

AGE % - (Fcontrol o Fcontrol blank) % 100 / (Fextract - Fextract blank)
Where,
(Foomror = Feontol v 18 the difference between the

fluorescent intensity of BSA incubated with or without
glucose and fructose.

) is the difference between the

(Fextract - extract blank-

fluorescent intensity of BSA and sugars incubated with
or without plant extracts.

2.10 a-Amylase inhibitory activity

The assay was performed as per the method of McCue
and Shetty, 2004 with slight modifications and in
quintuplicate. Extracts (10-100 pg/mL; 250 uL) were
taken in suitable vials along with phosphate buffer (0.02
M; pH 6.9; 250 uL) consisting of a-amylase (0.5 mg/
mL). The mixture was incubated for 10 min. at 37 °C.
Starch at a concentration was employed as a substrate
and added to the above mixture and further incubated
for 10 min. Then the reaction was terminated by the
addition of DNS (dinitro-salicylic acid) reagent (500
pL). Subsequently, the vials were placed in boiling
water for 5 min, cooled and then diluted with water (5
mL). Subsequently absorbance was recorded at 540 nm.
The mixture without extracts and Acarbose were served
as negative control and positive control respectively.
The enzyme inhibition percentage was measured using
the following formula

% Inhibition = —merel fsamele 100

Acontrol

2.11 a-Glucosidase inhibition assay

The a-glucosidase inhibition potential of extracts was
evaluatedaccordingtothemethodofKimetal.(2005)with
slight modifications. p-Nitrophenylglucopyranoside
(pNPG) (20 mM phosphate buffer, pH 6.9) was
employed as a substrate. The a-glucosidase (1.0 U/
mL, 100 uL) was first incubated with 50 uL of extracts
of various concentrations (10-100 pg/mL) for 10 min
followed by the addition of 50 uL of 3.0 mM pNPG and
further incubated for 20 min at 37 °C. The reaction was
terminated by using 2 mL of 0.1 M sodium carbonate.
The p-nitrophenol released (yellow color) from pNPG
was measured at 405 nm. The results were expressed as
% blank control (background absorbance was corrected
by replacing enzymes with buffer). Acarbose and
buffer were employed as positive and negative controls
respectively. The a-glucosidase inhibition percentage
was determined by using the following formula

e Agontrol~Asample
% Inhibition = A—p X 100
control

2.12 Cytotoxicity Assay

The cytotoxicity of the extracts was assessed according
to the method of Mosmann (1983). The HepG2 cells
were seeded into 96-well plates (100 pL, 8000 cells per
well) and left overnight for adhesion process. Then 100
pl of each of the extracts at concentrations of 10-200
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ul/ml/well were added and incubated for 48h at 37 °C.
The worn-out medium was removed through aspiration.
Subsequently, the DMEM medium (100 pL containing
10% fetal calf serum) and 0.5 mg/ml MTT were added
and further incubated for 3h at room temperature. The
MTT crystals from the medium were dissolved in
DMSO (200 pL/well) and absorbance was recorded at
540 nm. The cytotoxicity was then measured as control
% (medium only) and the cell death % and expressed
using the equation.

% Cell death=1—
Absorbance of untreated well

2.13 Statistical Analysis

Absorbance of test well

* 100

The IC, values were determined by probit analysis. The
data obtained was subjected to statistical analysis using
GraphPad Prism version 8.01 (Graph pad software,
Inc., La Jolla, CA, USA.) and Sigma plot (enzyme
module) statistical software.

3. RESULTS AND DISCUSSION

The preliminary phytochemical screening of extracts
from leaves of A. solanacea showed the occurrence
of alkaloids, terpenoids, flavonoids, tannins,
carbohydrates and sterols (Table 1). The results showed
that the addition of 0.2 g of the extract to 50 mL of
5 mM aqueous silver nitrate (AgNO,) resulted in the
formation of the brown solution after the overnight
incubation at 40 °C in the dark. This indicates the
formation of silver nanoparticles (AgNPs) that showed
a maximum absorption at 440 nm (Fig-1). The TEM
analysis revealed that the size of AgNPs ranged
between 30 and 47 nm (Fig-2). The total phenolics
and flavonoid contents were determined and expressed
as mg of gallic acid per gm of sample and depicted in
Table 2. The AgNP of methanol extract from leaves
of A. solanacea showed the highest total phenolic and
flavonoid contents of 35.44 mg of gallic acid/gm and
15.77 mg of quercetin /gm respectively. While, it was
33.71 mg of gallic acid/gm and 13.08 mg of quercetin /
gm respectively in the crude methanol extract.

3.1 Anti-oxidant activity

The antioxidant efficacy of extracts of A. solanacea
was evaluated and results were depicted in Tables 3-5.
The AgNP methanolic extract at 100pg/ml showed
maximum activity of 89.6% and 84.9% for DPPH and
H,0, scavenging activities respectively. Ascorbic acid
exhibited 100% activity at 80pg/ml in both the assays.

These results indicate that AgNPs methanol extract has
excellent antioxidant activity and is comparable with
that of ascorbic acid. The results of B-carotene bleaching
assay revealed good antioxidant activity of AgNPs
methanol extract with IC of 58.19 pg/mL followed by
methanol extract (IC, of 64.81 pg/mL), ethyl acetate
(IC,, of 73.34 pg/mL) and pet ether extracts (IC,, of
87.28 ng/mL). With the increase in concentration of
extracts, a subtle but noticeable increase in the activities
was observed in a dose-dependent manner.

3.2 NO scavenging activity

The NO scavenging ability of all the samples was
evaluated in a dose-dependent manner using gallic
acid as a positive control sample and the results
were presented in Table 6. Among all the samples
tested, AgNP methanol extract exhibited potent NO
scavenging activity with IC_ of 37.41 ng/mL followed
by methanol (48.12 pg/mL), Ethyl acetate (57.19 pg/
mL) and pet ether (76.62 pg/mL) extracts. However,
the positive control gallic acid showed an IC, of 29.53
pg/mL. The percentage inhibition with an increase in
concentration of extracts and gallic acid was evaluated
and the significant observation was that with an increase
in concentration, a notable increase in percentage
inhibition of NO scavenging activity was observed.

3.3 Xanthine oxidase inhibition

All the extracts were evaluated as potential XO
inhibitors and compared favorably with Allopurinol,
a positive control and the results are summarized in
Table 7. Among all the extracts tested, AgNP methanol
extract showed maximum xanthine oxidase inhibition
activity with an IC,, of 28.78 ug/mL. The methanol,
ethyl acetate, and pet ether extract also demonstrated
excellent xanthine oxidase inhibition with an IC,  of
38.13, 60.08, and 72.18 pg/mL respectively. While,
Allopurinol showed an IC, of 18.17 pg/mL.

3.4 Anti-glycation activity

The ability of A. solanacea extracts to inhibit advanced
glycation end product (AGE) formation was evaluated
and presented. In the assay, bovine serum albumin,
glucose and fructose served as the model protein
and glycating agents respectively. The formation of
AGEs was evaluated by monitoring the production
of fluorescent products formed at 335 nm and 385
nm, respectively, and the results are depicted in Table
8 and all the extracts inhibited AGE formation in a
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dose-dependent manner. The AgNP methanol extract
presented a higher inhibitory effect of more than 90%
inhibition of AGE formation at a concentration of 100
pg/mL with an IC, of 35.12 pg/mL. Methanol extract
also displayed excellent anti-glycation activity with an
IC,, value of 44.28 pg/ml followed by Ethyl acetate
(64.13 pg/mL) and Pet ether (72.29 pg/mL) extracts.
While, the Aminoguanidine, showed IC; of 22.76 ng/
mL. The degree of activity was evaluated for all the
extracts and compounds at a concentration ranging from
1-100 pg/mL where, increase in percentage inhibition
with increase in concentration was observed.

3.5 a- Amylase inhibition

The o-amylase enzyme inhibition of extracts was
evaluated and presented in Table 9. The AgNP methanol
extracts demonstrated excellent inhibitory activity with
IC,, of 45.47 ug/mL while Acarbose showed an IC,
value of 28.49 pg/mL. The methanol and ethyl acetate
extract also showed good inhibition with an IC, of
59.23 and 66.05 pg/mL respectively. The assay was
performed at varied concentrations of 0-100 pg/mL and
with increase in concentration a noticeable increase in
the inhibition percentage was noticed (Fig. 3).

3.6 a-Glucosidase inhibition

The a-glucosidase enzyme inhibition of extracts was
evaluated and presented in Table 10. AgNP methanol
extract displayed excellent inhibitory activity with IC,
0f 56.42 ng/mL while it was 33.51 pg/mL for acarbose.
Both methanol and ethyl acetate extracts showed
good inhibition with IC, of 61.71 and 77.27 pg/mL
respectively. While, pet ether extract demonstrated
mild inhibition with IC, of 88.61 ng/mL. The assay
was performed at varied concentrations of 0-100 ug/
mL where, increase in the inhibition percentage was
noticed with increase in the concentration of samples

(Fig. 4).
3.7 Cytotoxicity studies

The assay employed 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) for evaluation of
cytotoxicity of all the extracts on HepG2 cells at varied
concentrations (0-200 ug/mL). All the tested extracts
presented low level of toxicity at all the concentrations
in a dose-dependent manner and the results are depicted
in Fig. 5-8. The IC, values obtained were 458.79,
358.53, 292.28 and 241.72 pg/mL respectively, for
AgNP methanol extract, methanol, ethyl acetate and pet
ether extracts. The significant feature was that all the

extracts exhibited <40% cell death even at the highest
concentration of 200 pg/mL.

4. DISCUSSION

The phenols, flavonoids, and terpenes of various
medicinal plants are well known important compounds
in plants contributing to the antioxidant potential
of various botanicals (Khan et al. 2019; Batool et al.
2019; Bindu et al. 2020). Phytochemicals derived from
medicinal botanicals are known to possess primary
antioxidant activity as they can react with active
oxygen radicals, such as hydroxyl radicals, superoxide
anion radicals and lipid peroxy radicals and inhibit lipid
oxidation at an early stage. It has also been reported
that the increase in the phenolic content can be used
as a biomarker for screening of air pollutants (Howell
1974; Stankovic et al. 2016). Considerable research
has been carried out and established that flavonoids are
antioxidants compounds and recognized as valuable
nutraceuticals for neutralizing free radical stress
(Gunathilake et al. 2018). The antioxidant properties of
plant extracts can often be attributed to the presence
of substantial amount of phenolics and flavonoids. In
the present study, all the extracts from A. solanacea
demonstrated excellent anti-oxidant activity and this
can be correlated to the presence of more amounts of
phenolics and flavonoids and might be employed in the
treatment of stress and other related disorders.

The phenolics, flavonoids and other phytochemicals
derived from medicinal plants have known to act as
xanthine oxidase inhibitory agents (Cho et al. 2008;
Shukor et al. 2018). The Plants are well known as a
rich source of polyphenols and some of the common
species, were previously reported to possess XO
inhibitory effects (Cho et al. 2008; Shukor et al.
2018). Moreover, the results in the present study are
in agreement with those of previously reported plants
(Grevsen et al. 2009; Hudaib et al. 2011). At present,
Allopurinol is the drug of choice for gout disease and
people are using it more frequently. However, upon
prolonged usage, the drug presents various side effects.
Therefore, as a part of screening program of medicinal
plants of Western Ghats, South India, and also based
on the ethnobotanical information, A. solanacea plant
was selected for xanthine oxidase inhibitor activity
evaluation, wherein, all the extracts have displayed
marked inhibitory activity comparable to allopurinol.

The effect of plant-derived compounds and extracts
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on protein glycation was evaluated by the inhibition
of fructosamine formation. It was found that all the
extracts of A. solanacea exhibited varied degree
of potential to inhibit initial stages of glycation
reaction. The hyperglycemic state that is commonly
seen in Diabetes mellitus patients was reported to be
associated with cardiovascular complications (Chen
et al. 2011) and this evidence implicates the formation
and subsequent effects of AGEs as a contributing cause
for such a complication. Further, it has been reported
recently that there is increased oxidative damage in
the vicinity of glycated histone residues (Guedes
et al. 2011; Mahomoodally et al. 2019). Advanced
glycation end products (AGEs) have been involved
in the pathogenesis of diabetes and aging-related
complications and therefore, inhibition of glycation
should have a broad and beneficial effect in the
treatment. However, several traditionally used herbal
medicines and essential oils have been shown to possess
in vitro anti-glycation effects due to the presence of
flavonoids, terpenes and phenols (Mahomoodally et al.
2019). The AgNP extract in the present study displayed
excellent ant-glycation activity by inhibiting more
than 90% of AGEs formation which can be attributed
to the presence of higher concentration phenolics and
flavonoids. However, the synergistic effect of all the
components in the extract cannot be neglected.

Plants are the major source of valuable biochemicals
and bioactive compounds for the development of lead
products. The extracts of A. solanacea was reported to
exhibit good antioxidant, antimicrobial, thrombolytic,
anthelmintic, insect antifeedant and cytotoxic activities
(Samal 2013; Amin et al. 2015; Anjum et al. 2019;
Islam et al. 2019; Pournami and Pratap Chandran,
2021). But the anti-oxidant and anti-glycation potential
of silver nanoparticles of the extract and inhibition of
a-amylase and o-glucosidase was not reported. The
novelty of the present work lies in the exploration of
potential of silver nanoparticles of the extracts of the
selected plant to inhibit the formation of AGEs and
carbohydrate metabolizing enzymes.

The use of medicinal plants in the management of
diabetes has been followed and many therapeutic
plants with anti-diabetic activity were reported in the
literature (Saeedi et al., 2019; Nipun et al., 2021).
Several reports have been focused on the studies
of the therapeutic potential of medicinal plants and
phytoconstituents in alleviating diabetes by inhibitory
effects against a-amylase and a-glucosidase (Loodu &
Rupasinghe 2019). The molecules acting as a-amylase

and o-glucosidase enzyme inhibitors are recognized
and portrayed to delay the breakdown of carbohydrates
in the small intestine and decrease the postprandial
blood glucose levels (Assefa et al., 2020). This feature
is tapped and considered as one of the key strategies for
the maintenance of blood glucose levels. The results
obtained from this study showed that these extracts
possess promising o-amylase and a-glucosidase enzyme
inhibition, which are in agreement with the published
reports (Assefa et al. 2020). However, identification
and evaluation of toxicity of the phytoconstituents and
botanical extracts is indispensable before making it a
formulation and incorporating them into traditional
medicine. The cytotoxicity of extracts was assessed on
HepG?2 cells and the results reveals that all the samples
exhibited less than 40% cell death even at the highest
concentration of 200 pg/ml. All the samples displayed
a very low level of toxicity in comparison with the
plants described and published in the literature which
have been presented with > 50% cell death (Kuete et
al. 2017). This particular aspect encourages for the use
of this plant and extracts in herbal formulations for the
treatment of various ailments.

5. CONCLUSION

The current study revealed that silver nanoparticles can
be synthesized in a simple method using A. solanacea
leaf extract. The TEM analysis showed that the sizes of
the synthesized AgNps ranged from 30 to 50 nm. The
AgNP and other extracts showed excellent anti-oxidant
activity, NO scavenging activity and xanthine oxidase
inhibition and this can be attributed to the presence
of a substantial amount of phenols, flavonoids, and
terpenoids. Advanced glycation end products (AGEs)
have been involved in the pathogenesis of diabetes and
aging-related complications and therefore, inhibition
of glycation should have a broad and beneficial effect
in the treatment. The AgNPs and other extracts in the
present study displayed excellent ant-glycation activity
with >90% inhibition of AGEs. The MTT assay for the
cytotoxic studies of extracts on HepG2 cells at varied
concentrations was carried out and all the tested extracts
displayed low levels of toxicity at all concentrations
in a dose-dependent approach. However, the extracts
exhibited <50% cell death even at the highest
concentration of 200 pg/mL. Therefore, further studies
are underway to isolate phytoconstituents of this plant
and other biochemical aspects where the data procured
might help in the lead products and formulation
development for the management of stress-related
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Table 1: Phytochemical screening of extracts of A. solanacea

Parts used Secondary Petroleum Ethyl acetate Methanol AgNP extract
metabolites ether extracts extracts extracts
- 4 + +

Leaves Tannins
Flavonoids - = = +
Alkaloids - + 4t +t
Terpenoids e + e 4
Anthaquinones _ _ = -
Carbohydrates _ < + i
Sterols ++ 4 + +

Data shown as obtained from the analysis (n=5)

Table 2: Total phenolics and flavonoid content in the extracts of A. solanacea

Extract Total phenolics content Total flavonoid content

(mg of gallic acid/gm)

Methanol extract 33.71£0.77 13.08+ 0.59
Ethyl acetate extract 28.62+0.98 10.26+ 051
Pet ether extract 22.26+1.06 8.17+ 0.99
AgNP of Methanol extract 35.44+1.23 15.77+ 1.27

Data presented as Mean + SEM
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Table 3: DPPH anti-oxidant scavenging activity of extracts of A. solanacea

Concentration DPPH radical scavenging activity (%)
(ng/ml) Pet ether extract Ethyl acetate Methanol AgNP Methanol Ascorbic
Extract extract acid

10 6.73£0.61 9.71 £ 0.43 11.12+0.79 14.72 £ 0.98 21.23+0.57
20 12.11 +0.84 17.34 £ 0.92 22.25+0.92 27.21+0.89 33.45+0.98
40 23.08 £ 1.06 28.38+£1.02 3418+ 1.14 40.08 + 1.01 48.19 +1.17
60 35.76 £1.22 43.67+1.15 46.38 +1.62 58.47+1.23 78.26 £ 1.28
80 4493 +1.99 54.18 £1.98 64.57+2.26 67.19+2.17 100

100 57.28 £2.25 68.26 +£2.07 78.72 £2.48 89.61+ 1.24 100

Test extracts: significant from normal control, P < 0.05
Values presented as Mean + SEM

Table 4: H,O, free radical scavenging activity of extracts of A. solanacea

Concentration Hydrogen peroxide free radical scavenging activity (%)
(ng/mL)

Pet ether extract Ethyl acetate Methanol AgNP Methanol | Ascorbic acid
Extract extract

5.35+0.52 9.17£0.37 9.04 £0.68 11.22+£0.72 24.45+0.71
20 9.11+0.79 18.34 +£0.82 19.65 £ 0.93 23.16+ 0.93 38.51 £ 0.96
40 17.15+1.12 26.26 +1.22 30.23 £1.23 38.28 £1.21 51.32+1.08
60 29.51+1.38 40.67+1.35 48.19 +1.75 65.81+1.25 88.16 £ 1.37
80 36.34 +£1.91 51.23 £1.78 60.39 +2.29 73.37+1.09 100
100 52.81 +£2.34 64.16 £2.37 72.28 £2.37 84.92+2.19 100

Test extracts: significant from normal control, P<0.05 Table 6: NO scavenging activity of essential oil,
extracts and isolated compounds from leaves of A.

Values presented as Mean + SEM
solanacea

Table 5: B-carotene bleaching activity of extracts of

A Solan-acea S. No. | Sample/Extract | ICS0 (ng/mL) Relative
' Potency

Sample/Extract | IC50 (ng/mL) Pet ether extract  76.62 + 1.58 0.385

(69.198 —92.232)

Pet ether extract 87.28+£2.15
(72.288 —92.193) 2. Ethyl acetate 57.19 = 1.61 0.516
2. Ethyl acetate 7334+ 1.56 IS (65.183=85.412)
extract (63.724 — 81.156) 3. Methanol extract 48.12 + 1.42 0.614
3. Methanol 64.81+ 132 (36721 -72.328)
extract (54.189 — 69.342) 4 AgNP Methanol 37.41 +1.49 0.789
4. AgNP extract 58.194 127 extract Gl SR
(49.211 — 64.394) 8. Gallic acid 29.53 £1.31 1
Test extracts: significant from normal control, (20.172 - 30.244)

P < 0.05Values presented as Mean = SEM
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Test extracts: significant from normal control, P < 0.05
Values are expressed as Mean + SE; Relative potency =
IC,, standard/IC, sample

Numbers in parenthesis represent 95% confidence
limits

Table 7: Xanthine oxidase inhibitory potential of
extracts of A. solanacea

IC50 (ng/mL) Relative Potency

Pet ether extract 72.18 0.252
(62.244 — 84.282)

Ethyl acetate 60.08 0.302
extract (57.281 — 66.402)

Methanol 38.13 0.476
Extract (27.228 — 45.417)

AgNP methanol 28.78 0.631
extract (22.627 — 36.608)

Allopurinol 18.17 1

Table 9: o-amylase inhibition of extracts from A.
solanacea

Compound/Extract ICS50 value (ng/|Relative
ml) Potency

Petroleum ether extract 83.32 +3.12 0.342
Ethyl acetate extract 66.05 +4.01 0.431
Methanol extract 59.23 £2.98 0.481
AgNP methanol extract 45.47 +2.43 0.627

Acarbose 28.49 + 0.42 1
Values shown as mean £SE (P<0.05)

Table 10: a-glucosidase inhibition of extracts from A.
solanacea

Compound/Extract | IC50 value (pg/|Relative
mL) Potency

(13.621 —23.893)

Test extracts: significant from normal control, P <
0.05; All values are expressed as Mean + SE; Relative
potency = IC, standard/IC,, sample;

The numbers in parenthesis represents 95% confidence
limits

Table 8: Anti-glycation activity of extracts of A.
solanacea

Compound IC50 (ng/mL) Relative
Potency

Pet ether extract 72.29 0.315
(66.991 — 89.407)

Ethyl acetate extract 64.13 0.354
(54.812 — 76.245)

Methanol extract 44.28 0.514
(34.138 — 54.188)

AgNP methanol 35.12 0.648
extract (26.231 —41.463)

Aminoguanidine 22.76 1

(18.231 —27.334)
Test extracts: significant from normal control, P < 0.05

All values are expressed as Mean + SE; Relative
potency = IC, standard/IC,, sample;

The numbers in parenthesis represents 95% confidence
limits

Pet ether extract 88.61 £2.33 0.366
Ethyl acetate extract  77.27 £2.17 0.419
Methanol extract 61.71 £2.29 0.525
AgNP methanol ex- 56.42+2.12 0.575
tract

Acarbose 33.51+1.18 1

Values presented as mean +SE (P<0.05)
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Fig.1: UV Absorption curve of AgNPs of methanol

extract
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Fig.2: TEM of AgNPs of methanol extract of A.

solanacea
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Fig.3: Inhibition (%) of a-amylase activity at vary-

ing concentrations of extracts from A. solanacea.
Values presented as mean =SE (P<0.05)
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Fig 4: Inhibition (%) of a-glucosidase activity at
varying concentrations of extracts from A. solanacea.

Values presented as mean £SE (P<0.05)
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Fig.5: Cytotoxicity assay of the petroleum ether

extract of A. solanacea HepG?2 liver cells. Data
presented as % control = SE (p<0.05)
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Fig.6: Cytotoxicity assay of the Ethyl acetate extract
of E. monogynum on HepG2 liver cells. Data

presented as % control = SE (*p<0.05; **p<0.01)
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Fig.7: MTT cytotoxicity of the Methanol extract from
leaves of A. solanacea on HepG?2 liver cells. Data
presented as % control £ SE (*p<0.05; **p<0.01)

NIST| Vol 22| No. 2 | Jul-Dec 2023 MW




Phytochemical composition, Anti-oxidant, Anti-glycation, a-amylase and o-glucosidase inhibition of silver Phytochemistry, Original Article

50

40 4

30 A

Cell death (%)

20 1

*
34k
10 4 * ok
ok
kK
04
0 50 100 150

Concentration (micro gm/ml)

Fig.8: MTT Cytotoxicity of the AgNP extract from

200

leaves of A. solanacea on HepG2 liver cells. Data
presented as % control = SE (*p<0.05; **p<0.01)

REFERENCES

Ainsworth, E.A., and K. Gillespie, 2007. Estimation of
totalphenoliccontentandotheroxidationsubstratesin
plant tissues using Folin-Ciocalteu reagent. Natural
Products 2:875-877
DOI: 10.1038/nprot.2007.102
PMID: 17446889

Aiyegoro, O.A., and A.I. Okoh, 2010. Preliminary
phytochemical screening and in vitro antioxidant
activities of the aqueous extract of Helichrysum
longifolium DC. BMC Complementary and
Alternative Medicine 10: 21-28
DOI: 10.1186/1472-6882-10-21
PMID: 20470421 PMCID: PMC2877649

Ames, B.N.,, M.K. Shigenaga, T.M. Hagen, 1993.
Oxidants,antioxidants,andthedegenerativediseases
of aging. Proceedings of National Academy of
Sciences USA 90: 7915-7922.

DOI: 10.1073/pnas.90.17.7915
PMID: 8367443 PMCID: PMC47258

Amin M.N,, S. Banik, Md. Ibrahim, M.R. Moghal, M.S.
Majumder, R. Siddika, Md.K. Alam, K.M.R.M.
Jitu, and S.N. Anonna, 2015. Study on Ardisia
solanacea for Evaluation of Phytochemical and
Pharmacological Properties. International Journal
of Pharmacognosy and Phytochemistry 7: 8-15.

Anjum B., R. Kumar, R. Kumar, O. Prakash, R.M.
Srivastava, and A.K. Pant, 2019. Phytochemical
Analysis, Antioxidant, Anti-Inflammatory and
Insect Antifeeding Activity of Ardisia solanacea
Roxb. Extracts. Journal of Biologically Active
Products from Nature, 9: 372-386.

DOI: 10.1080/22311866.2019.1702899

Assefa, S.T., E.Y. Yang, S.Y. Chae, M. Song, J. Lee,
M.C. Cho, and S. Jang, 2020. Alpha glucosidase
inhibitory activities of plants with focus on common
vegetables. Plants 9: 2-17
DOLI: 10.3390/plants9010002
PMID: 31861279 PMCID: PMC7020213

Batool, R., M.R. Khan, M. Sajid, S. Ali, and Z. Zahra,
2019. Estimation of phytochemical constituents
and in vitro antioxidant potencies of Brachychiton
populneus(Schott& Endl.)R.Br. BMCChemistry 13:
32.

DOI: 10.1186/s13065-019-0549-z
PMID: 31384780 PMCID: PMC6661765

Bhatwadekar, A.D., and V.S. Ghole, 2005. Rapid
method for the preparation of an AGE-BSA standard
calibratorusingthermalglycation.JournalofClinical
Lab Analysis 19:11-15.

DOI: 10.1002/jcla.20048
PMID: 15645463 PMCID: PMC6807708

Bindu G., V.R.Ch. Devi, B.S.R. Kumar, and
S. R. Kiran, 2020. Chemical composition
and in vitro potential activity on glucose
metabolism and cytotoxicity of leaves of
Erythroxylum monogynum Roxb. Medicinal
Plants 12: 568-579.

DOI: 10.5958/0975-6892.2020.00069.6

Brusotti, G.,1. Cesari,A. Dentamaro, G. Caccialanza, and
G. Massolini, 2014. Isolation and characterization
of bioactive compounds from plant resources:
The role of analysis in the ethno-pharmacological
approach. Journal of Pharmaceuticaland Biomedical
Analysis 87:218-228.

DOI: 10.1016/.jpba.2013.03.007
PMID: 23591140

Chen, Y.F., H.Y. Roan, C.K. Lii, Y.C. Haung, and T.S.
Wang, 2011. Relationship between antioxidant
and anti-glycation ability of saponins, polyphenols
and polysaccharides in Chinese herbal medicines
used to treat diabetes. Journal of medicinal Plants
Research 5:2322-2331.

NJST | Vol 22 | No. 2 | Jul-Dec 2023

35



https://doi.org/10.1038/nprot.2007.102
https://doi.org/10.1186/1472-6882-10-21
https://doi.org/10.1073/pnas.90.17.7915
https://doi.org/10.1080/22311866.2019.1702899
https://doi.org/10.3390/plants9010002
https://doi.org/10.1186/s13065-019-0549-z
https://doi.org/10.1002/jcla.20048
https://doi.org/10.5958/0975-6892.2020.00069.6
https://doi.org/10.1016/j.jpba.2013.03.007

Nepal Journal of Science and Technology

Phytochemistry, Original Article

Cho,Y.J.,1.S. Ju, D.H. Yun, S. S. Chun, B. J. An, and J.
H. Kim, 2008. Biological activity of extracts from
garden sage (Salviaofficinalis L.) Journal of Applied
Biochemistry 51:296-301.

DOI: 10.3839/jabc.2008.046

Christenhusz, M.J.M.,andJ. W.Byng,2016. The number
of known plants species in the world and its annual
increase. Phytotaxa 261:201-217.

DOI: 10.11646/phytotaxa.261.3.1

Dhakad, A.K., V.V. Pandey, S. Beg, J.M. Rawat,
and A. Singh, 2018. Biological, medicinal and
toxicological significance of eucalyptus leaf
essential oil: a review. Journal of Science Food
and Agriculture 98:833-848.

DOI: 10.1002/jsfa.8600
PMID: 28758221

Elavazhagan T., and K.D. Arunachalam, 2011.
Memecylonedule leaf extract mediated green
synthesis of silver and gold nanoparticles.
International Journal of Nanomedicine 6: 1265-
1278.

DOI: 10.2147/1IN.S18347
PMID: 21753878 PMCID: PMC3131193

Ghadermazi, R., F. Khoshjou, S.M. Hossinizijoud,
H. Behrooj, N. Kheiripour, and M. Ganji, 2017.
Hepatoprotective effect of tempol on oxidative
toxic stress in STZ-induced diabetic rats. Toxin
Reviews.37:1-5.

DOI: 10.1080/15569543.2017.1313277

Grevsen, K., X.C. Frette, and L.P. Christensen, 2009.
Content and composition of volatile terpenes,
flavonoids and phenolic acids in Greek oregano
(Origanum vulgare L. ssphirtum) at different
development stages during cultivation in cool
temperate climate. EuropeanJournal of Horticultural
Science 74:193-203.

DOI: 10.1079/ejhs.2009/1182840

Guedes, S., R. Vitorino, M.R. Domingues, F. Amado,
and P. Domingues, 2011. Glycation and oxidation
of histones H2B and HI: in vitro study and
characterization by mass spectrometry. Analytical
and Bioanalytical Chemistry. 399:3529-3539.
DOI: 10.1007/s00216-011-4679-y
PMID: 21274518

Gunathilake, K.D.P.P., K.K.D.S. Ranaweera, and
H.P.V. Rupasinghe, 2018. Effect of different
Cooking Methods on Polyphenols, Carotenoids
and Antioxidant Activities of Selected Edible
Leaves. Antioxidants 7: 117.

DOI: 10.3390/antiox7090117
PMID: 30200223 PMCID: PMC6162770

Howell,R K., 1974 Phenols, ozone and theirinvolvement
in the physiology of plant injury. Pages 94-105 in
M. Dugger, editor. Air Pollution Related to Plant
Growth, A.C.S. Symposium. Series 3.Washington
D C,USA.
DOI: 10.1021/bk-1974-0003.ch008

Hudaib Khaled, M.M., A. Tawaha, M.K. Mohammad,
A.M. Assaf, A'Y. Issa, F.Q. Alali, T.A. Aburjai, and
Y.K. Bustanji, 2011. Xanthine oxidase inhibitory
activity of the methanolic extracts of selected
Jordanian medicinal plants. Pharmacognosy
Magazine 7: 320-324.

DOI: 10.4103/0973-1296.90413
PMID: 22262935 PMCID: PMC3261066

IDF Diabetes Atlas. 2021. 10th Edition, https://
diabetesatlas.org/idfawp/resource-files/2021/07/
IDF Atlas 10th Edition 2021.pdf.

Islam, M.R., J. Naimam N. M. Proma, Md.S.
Hussain, S. M. Naimuddin, and M. K. Hossain.
2019. In-vivo and in-vitro evaluation of
pharmacological activities of Ardisia solanacea
leaf extract. Clinical Phytoscience 5: 32-42.
DOI: 10.1186/s40816-019-0128-9

Karadag, A., B. Ozcelik, and S. Saner, 2009. Review of
Methods to Determine Antioxidant Capacities. Food
Analytical Methods 2:41-60
DOI: 10.1007/s12161-008-9067-7

Khan, W.A.,S.Subhan, D.F. Shams, S.G. Afridi,R. Ullah,
A.A. Shahat,and A. S. Algahtani, 2019. Antioxidant
Potential, Phytochemicals Composition, and
Metal Contents of Datura alba. Biomed Research
International 2403718: 1-8.

DOI: 10.1155/2019/2403718
PMID: 31317024 PMCID: PMC6601491

NJST | Vol 22 | No. 2 | Jul-Dec 2023

36



https://doi.org/10.3839/jabc.2008.046
https://doi.org/10.11646/phytotaxa.261.3.1
https://doi.org/10.1002/jsfa.8600
https://doi.org/10.2147/IJN.S18347
https://doi.org/10.1080/15569543.2017.1313277
https://doi.org/10.1079/ejhs.2009/1182840
https://doi.org/10.1007/s00216-011-4679-y
https://doi.org/10.3390/antiox7090117
https://doi.org/10.1021/bk-1974-0003.ch008
https://doi.org/10.4103/0973-1296.90413
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf.   
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf.   
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf.   
https://doi.org/10.1186/s40816-019-0128-9
https://doi.org/10.1007/s12161-008-9067-7
https://doi.org/10.1155/2019/2403718

Phytochemical composition, Anti-oxidant, Anti-glycation, a-amylase and o-glucosidase inhibition of silver Phytochemistry, Original Article

Khatun, A., M. Rahman, S. Kabir, M.N. Akter,
and S.A. Chowdhury, 2013. Phytochemical
and Pharmacological properties of methanolic
extract of Ardisia humilis Vahl. (Myrsinaceae).
International Journal of Research in Ayurveda
and Pharmacy 4: 38-41
DOI: 10.7897/2277-4343.04120

Kim, YM., YK. Jeong, M.H. Wang, M.Y. Lee,
and H.I. Rhee, 2005. Inhibitory effect of pine
extract on -glucosidase activity and postprandial
hyperglycemia. Nutrients 21:756-761
DOI: 10.1016/j.nut.2004.10.014
PMID: 15925302

Kuete, V.,F.W.Fokou, O.Karaosmanoglu, V.P. Beng,and
H.Sivas,2017. Cytotoxicity of the methanol extracts
of Elephantopusmollis, Kalanchoe crenataand
other Cameroonian medicinal plants towards
human carcinoma cells. BMC Complementary and
Alternative Medicine 17:280-289.

DOI: 10.1186/s12906-017-1793-1
PMID: 28545532 PMCID: PMC5445369

Kulkarni, O., 2010. Ambiguity in the authenticity
of traded herbal drugs in India: Biochemical
evaluation with aspecial reference to Nardostachys
jatamansi DC. Journal of herbal medicine and
Toxicology 4: 229-235

Loodu, S.S., and H.P.V. Rupasinghe, 2019. Evaluation of
anti-oxidant,Anti-diabeticand Anti-obesity potential
of selected traditional medicinal plants. Frontiers
in Nutrition 6: 1-11
DOI: 10.3389/fnut.2019.00053
PMID: 31106207 PMCID: PMC6494929

Mahomoodally, F., Z.A. Elalfi, K.N. Venugopala, and
M. Hosenally, 2019. Anti-glycation, comparative
antioxidant potential, phenolic content and yield
variation of essential oils from 19 exotic and endemic
medicinal plants. Saudi Journal of Biological
Sciences 26:1779-1788
DOI: 10.1016/].sjbs.2018.05.002
PMID: 31762658 PMCID: PMC6864152

McCue, P., and K. Shetty, 2004. Inhibitory effects of
rosmarinic acid extracts on porcine pancreatic
amylase in vitro. Asia Pacific Journal of Clinical
Nutrition 13:101-106

Mosmann, T., 1983. Rapid colorimetric assay for cellular
growth and survival: application to proliferation
and cytotoxicity assays. Journal of Immunological
Methods. 65:55-63
DOI: 10.1016/0022-1759(83)90303-4
PMID: 6606682

Nipun, T.S., A. Khatib, Q.U. Ahmed, M.H.M. Nasir,
F. Supandi, M. Taher, and M.Z. Saiman, 2021.
Preliminary phytochemical screening, in vitro
anti-diabetic, anti-oxidant activities, and toxicity
of leaf extracts of Psychotriamalayana Jack.
Plants 10: 1-23
DOI: 10.3390/plants10122688
PMID: 34961160 PMCID: PMC8707723

Parashar, V., R.Parashar, B. Sharma, and A.C. Pandey,
2009. Parthenium leaf extract mediated synthesis
of silver nanoparticle: a novel approach for weed
utilization. Digest Journal of Nanomaterials and
Biostructures 4: 45-50.

Pérez-Torres, 1., V. Castrejon-Téllez, M.E. Soto, M.E.
Rubio-Ruiz,L..Manzano-Pech,and V. Guarner-Lans,
2021 Oxidative Stress, Plant Natural Antioxidants,
and Obesity. International Journal of Molecular
Sciences 22:1786
DOI: 10.3390/ijms22041786
PMID: 33670130 PMCID: PMC7916866

Pournami T.S., and R. P. Chandran, 2021. Evaluation of
phytochemical and antimicrobial properties of leaf
extracts of Ardisia solanacea Roxb. collected from
Pathiramanal Island, Alappuzha District, Kerala
State, India. Arabian Journal of Medicinal and
Aromatic Plants 7: 175-191.

Ruch,R.J.,S.J.Cheng,and]J.E.Klaunig, 1989.Prevention
of cytotoxicity and inhibition of intercellular
communication by antioxidant catechins isolated
from Chinese green tea. Carcinogenesis 10:1003-
1008
DOI: 10.1093/carcin/10.6.1003
PMID: 2470525

NJST | Vol 22 | No. 2 | Jul-Dec 2023

37



https://doi.org/10.7897/2277-4343.04120
https://doi.org/10.1016/j.nut.2004.10.014
https://doi.org/10.1186/s12906-017-1793-1
https://doi.org/10.3389/fnut.2019.00053
https://doi.org/10.1016/j.sjbs.2018.05.002
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.3390/plants10122688
https://doi.org/10.3390/ijms22041786
https://doi.org/10.1093/carcin/10.6.1003

Nepal Journal of Science and Technology

Phytochemistry, Original Article

Saeedi, P., I. Petersohn, P. Salpea, B. Malanda, S.

Karuranga, N. Unwin, S. Colagiuri, L. Guariguata,
A.A. Motala, and K. Ogurtsova, 2019. Global and
regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: Results from
the International Diabetes Federation Diabetes
Atlas, 9th ed. Diabetes Research and Clinical
Practice 157: 107843

DOI: 10.1016/j.diabres.2019.107843

PMID: 31518657

Samal, P.K, 2013. Evaluation of Antioxidant activity of

Ardisia solanacea in albino rats. Research Journal
of Pharmacy and Technology 6: 585-588.

Shukor, N.A.A., A. Ablat, N.A. Muhamad, and J.

Mohamad, 2018. In vitro antioxidant and in vivo
xanthine oxidase inhibitory activities of Pandanus
amaryllifolius in potassium oxonate-induced
hyperuricemic rats. International Journal of Food
Science & Technology 53:1476-1485

DOI: 10.1111/ijfs.13728

Stankovic, N., M.K. Tatjana, Z. Bojan, S.J.

Vesna, M. Violeta, J. Jovana, C. Ljiljana, K.
Branislava, and B. Nirit, 2016 Antibacterial
and antioxidant activity of traditional medicinal
plants from the Balkan Peninsula. NJAS -
Wageningen Journal of Life Sciences 78: 21-28
DOI: 10.1016/j.njas.2015.12.006

Theerthavathy, B.S., S.A. Khanam, B.S. Kumar, and S.
R. Kiran, 2019. Anti-oxidant and Anti-microbial
Activities of Silver Nanoparticles of Essential Oil
Extracts from Leaves of Zanthoxylum ovalifolium.
European Journal of Medicinal Plants 29: 1-11
DOI: 10.9734/ejmp/2019/v29i330157

Trease, G.E., and W.L. Evans, 2009. Pharmacognosy.
16th ed.; London: BailliereTindall Ltd.

Wettasinghe, M., and LF. Shahidi, 1999. Evening
primrose meal: A source of natural antioxidants
and scavenger of hydrogen peroxide and oxygen-
derived free radicals. Journal of Agricultural and
Food Chemistry 47:1801-1812
DOI: 10.1021/j£9810416
PMID: 10552455

WHO., 2016. Global Diabetes Report. Publications of
the World Health Organization, http://www.who.
int, WHO Press, 20 Avenue Appia, 1211 Geneva
27, Switzerland.

Wild, S., G. Roglic, A. Green, R. Sicree, and H. King,
2004. Global prevalence of diabetes: Estimates for
the year 2000 and projections for 2030. Diabetes
Care 27:10471053.

DOI: 10.2337/diacare.27.5.1047
PMID: 15111519

NJST | Vol 22 | No. 2 | Jul-Dec 2023 38



https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1111/ijfs.13728
https://doi.org/10.1016/j.njas.2015.12.006
https://doi.org/10.9734/ejmp/2019/v29i330157
https://doi.org/10.1021/jf9810416
https://doi.org/10.2337/diacare.27.5.1047

